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Histoncalh, the piesence of the nasal pol\ p has been known 
foi centimes It is stated that Hippociates descnbed nasal 
polvpi, gave theones as to then ongin, and descnbed tech¬ 
niques foi then iemo\al Many theones of poljp foimation 
have been descnbed fiom these eaih dais 


Tlie pioneei and monumental woiks of Dis Kern and 
Schenck 111 * 5 helped to establish, without doubt, the alleigic 
origin of the nasal pohp Othei pioneei s m the desenption 
of the alleigic ongin of the nasal polvp weie Hansel,"' 
Weille, v Coates and Ersnei 0 


Histopathologic study indicated the intense mfiltiation and 
edema of the tunica pxopna The most lecent advances have 
imparted fuithei information as to the importance of con¬ 
nective tissue and the so-called giound substance The dis¬ 
eases pioducmg the changes m the giound substance have 
been called bv Klempeiei 10 —the collagen diseases Semenov 11 
believes that the nasal polj p is a manifestation of the collagen 


‘Read fit Uie Sixth International Congress of Otolaryn&olopi M ashing- 
ton D C Mav 6 1957 

Ce*n^r° m the Depttrtment - of Otorhlnolog\ Temple Unliersiti Medical 
Bnuid^H^deltra 5 t'b A. ^ ^ " as supplied bj Merck Sharp and Dolime— 


s , tud> ""i 1 lhe Phtholo^i of the polvp teas carried out b-i Dr Elizi- 
of the riepartment of Pathology Temple TJnPersit\ Medical 

publlcatlom^of "th^sU^‘afe £ * D ° Ume °° Further 

accepted 8 fpubScaUoT r ' 3 Pl 1^?" ed ln The ^ngoscope Office and 







2 


MYERS ALLERGIC NASAL POLYP 


disease The pathologic changes m almost eveiy case centei 
m the mesenchymal substance of the tunica piopua Rav- 
lm 12 has suggested that the nasal polyp lesembles embryonal, 
mesenchymal tissue This lecent expel imental and histologic 
study, which is too extensive to mention m this shoit piesenta- 
tion, establishes that the nasal polyp is alleigic in ongm, 
and that the pathologic change is m the subepithelial tissue 01 
connective stioma This is due to some abnoimalitv of the 
connective tissue stioma and of the giound substances The 
polyp is not a tiue tumoi, but is a swollen mass of thickened 
connective tissue Pi oof exists that the hoimonal effect of 
ACTH and Cortisone affects moie dnectly the giound sub¬ 
stance of the connective tissue 

Boidley, 131115 and lus associates at the Johns Hopkins Hos¬ 
pital, weie among the fust to notice the amazing changes 
that oecuiied m the mucosa of the uppei lespuatory tiact 
They noted the fact that nasal polypi completely 01 almost 
completely disappeaied Othei lepoits soon followed Thom 
et al 10 noted shimkage, but not complete legiession of poly¬ 
poid and antial mucous membiane, following the use of ACTH 
m alleigic states As occuis aftei the discoveiy oi avail¬ 
ability of any new diug oi substance, it is subjected to a 
geneial tual by eveiy field As the lesult of the expenences 
m othei fields, many uses of ACTH and Cortisone have been 
started m otolaiyngology 

Ashley 17 tieated six patients with chionic alleigic lhimtis 
and polypoid nasal mucosa, and found a sti iking change in 
the tissues of the nose and pharynx Semenov 11 tieated pa¬ 
tients with polypoid lhimtis, with topical Cortisone and by 
injection of Cortisone into the septal mucosa and polyp 
Davison 18 suggested the treatment of hypei plastic sinusitis 
of alleigic origin with bacteilocidal doses of penicillin and 
Cortisone oially Dill and Bolstad 10 used Cortisone locally 
m two leports Wall and Shuie 20 used the injection of Corti¬ 
sone submucosally m the mfeiioi tuibmate Randolph and 
Rollins 21 used ACTH locally m clinical lagweed hay fevei 
and asthma 

Stewart and Kawa 22 leported expsuences with Cortisone 
and ACTH m the tieatment of alleigic lhimtis Smith 23 
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lepoited on the local use of lndiocortone acetate m the nose 
Othei xepoits on the mtianasal use of medication containing 
Cortisone weie made b\ Seidman and Schaffei, 24 Schwaiz,-’ 
Silcox 2 and E\ans 2 " Hotchkiss^ leported on the oial use 
of piednisolone in nasal pohposis Owen"'' leported on the 
tieatment of nasal pohposis bv the injection of hjdiocorti- 
sone dnecth into the nasal pohp 

The puipose of this papei is to leport oui owm expenences 
with the tieatment of nasal poll pi bj the intiapolvp injection 
of coiticoid substances This has extended ovei a penod of 
six veais This included the injection of ACTH, Cortisone, 
lvvdiocoitisone, Indiocoitisone TBA, and duimg the past 
one and one-half ieais, with Piednisolone TBA (in the form 
of suspension Hideltia? TBA, supplied bv Sliaip & Dolime, 
Division of Meick & Company 

We fust used ACTH and Cortisone appioximateh six \eais 
ago, aftei leading the leports of the fust ACTH confeience 
and the expenence of Boidlev, Hench, and othei s pieviously 
quoted Our fust expenence was with ACTH The fust 
patient was a man, age 60 He was a bakei, and ga\e a 
history of alleigv of many jeais’ duiation He had alieadv 
undeigone numeious bilateial pol\ pectonnes, and se\eial 
ladical sinus pioceduies Aftei seveial mtiapolvp injections 
of ACTH, the polvpi disappeai ed completely, and to date liai e 
not lecuned We then tieated tlnee 01 foui othei patients 
similailv and found a legiession of the polvpi 

Cortisone then became available, and it appealed to us that 
since ACTH acted on the adi enal glands to pi oduce Cortisone, 
that using Cortisone itself locally, might pi oduce a moie bene¬ 
ficial, and a quicker lesult It is noted that when using the 
mtiapolyp injection of Cortisone solution, pool lesults weie 
obtained Aftei ti eating eight patients m this mannei, it 
appealed that this tieatment w-as not beneficial Soon aftei, 
m Decembei, 1951, the experiences of Hollander 30 and his co- 
woikers, using mtia-articulai injections of Hvdiocortisone 
(oi Compound F) weie leported Tins leport indicated that 
this was a safe method of injection and tieatment, and le- 
sulted m local lelief of symptoms It was then that we began 
to use this paiticulai diug in the mtia-nolvo mlection thei- 
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apy It was found that theie was a piompt legiession of the 
nasal polyp with the injection of Hydiocoitisone solution into 
the polyp In this time, a total of 38 patients have been 
tieated by the mtiapolyp injection of Hydiocoitisone solution 
T B A , with a total of 228 injections At no time was theie 
a local oi systemic leaction following this injection 

In May, 1956, we began to use Piednisolone T B A m the 
foim of suspension Hydeltia®T B A, supplied by Shaip & 
Dohme Company This is Piednisolone teitiaiy-butylactate 
(Meick), a veiy slightly soluble estei of Piednisolone, and it 
is capable of pioducmg longei local anti-inflammatory action 
This lepoit will concern itself with oui expenences with 
Piednisolone TBA, since otheis mentioned above have re¬ 
ported on the use of the othei compounds 

Since we started using this compound, we have tieated 30 
patients with nasal polyposis by the injection of Hydeltia®' 
TBA The patients weie given ovei 150 intianasal injec¬ 
tions, and theie weie no untowaid leactions, eithei locally oi 
systemically 

The following is a descuption of the technique Appioxi- 
mately 2 cc of solution aie used at each tieatment One 
cubic centimetei is injected into the polypi of each nasal 
chambei Each cubic centimetei contains 20 mgm of Pied- 
nisolone tertiaiy butyl acetate The matenal is injected into 
the polyp m the following mannei The nasal membiane is 
spiayed with a solution of one pei cent ephedune sulfate 
Tins lendeis the nasal polypi lelatively moie accessible The 
actual injection into the polyp is done without local anesthesia, 
since the polyp oi polypoid tissue seems to be insensitive to 
the entiance of the needle A 25-gauge, 3^-mch needle is used 
The needle is inserted into the body of the polyp, and a few 
diops of the Piednisolone aie injected, until the back pies- 
suie on the piston of the syringe is felt This is lepeated 
fiom polyp to polyp until 1 0 cc is given m each nasal cham¬ 
ber The total dose of Hydeltra® TBA is about 30 to 40 
mgm at each tieatment, depending upon the amount of 
solution the polyp will accept This tieatment is lepeated 
each five to seven days, see Figs 1 and 1-A 
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Fig - 1-A Technique of injection of the nasal poljpi 


J 
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Following the fust 01 second injection, the nasal mucosa 
becomes a pale, bluish white The edema subsides The 
polyp will often legless moie than half duimg this time 
Sometimes aftei tluee 01 foui injections, the polvps aie 
piacticallv gone The patients state that thev had not onl\ 
lelief of bieathmg, but many of them felt that they had le- 
gained then sense of smell Dm mg the couise of this in¬ 
vestigation, biopsies weie taken pnoi to the injection, and a 
study of the polvp was made On seveial occasions, a biopsv 
was taken immediately aftei the Hydeltia® TB A was mtio- 
duced into the polyp, but it was found that micioscopically 
no evidence of the piesence of the medication could be seen 
As the polyps legiessed m size, furthei biopsies weie taken 
It w r as noted that as long as theie was any polyp tissue pies- 
ent, despite its deci eased size, the histologic appealance vaned 
little fiom the full sized polyp 

Expediences fiom pathologic studies —When this study was 
stalled, and sections of polyp tissue weie taken, it was hoped 
that histologic study would leveal noteworthy changes It 
was noted, how r evei, that despite the 1 egression of the size 
of the polyp, as long as anj polypoid tissue lemamed, the 
histologic pictuie was identical In collagen diseases, liow- 
evei, micioscopic changes aie difficult to note It is piobably 
necessary to view the tissue with the election micioscope to 
note changes in the fibullaiy stiuctuie Moie impoitant is 
the piobability that the changes that occui, w r hich lesult m 
the pioduction of the polyp, aie m the giound substance of 
the tunica propua, and aie chemical changes lather than 
histologic changes 

The following aie excelpts fiom the histopathologic re¬ 
ports of nasal polypi of seveial patients undei tieatment wuth 
the mtiapolyp injection of Piedmsolone 

Case 1 Sections, labeled fiom right and left nasal cham¬ 
bers, show a sumlai pictuie The sections show polypoid 
tissue partially covered by pseudostratified columnai epithe¬ 
lium The stroma is extremely loose and edematous, and is 
hbeially sprinkled by leukocytes, which aie piedommantlv 
plasma cells and eosinophils 
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Fig- 1-A 


Technique of Injection of the nnsnl pol>pi 
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Following the fust 01 second injection, the nasal mucosa 
becomes a pale, bluish white The edema subsides The 
polvp will often legless moie than half duung this time 
Sometimes aftei thiee 01 four injections, the pohps aie 
piacticallj gone The patients state that thev had not onh' 
lelief of bieathing, but many of them felt that thev had le- 
gamed then sense of smell Duung the couise of this m- 
\estigation, biopsies weie taken pnoi to the injection, and a 
stud\ of the pohp was made On sereial occasions, a biopsv 
was taken immediately aftei the Hjdeltiat TB A was mtio- 
duced into the polyp, but it was found that microscopically 
no evidence of the piesence of the medication could be seen 
As the pol\ps legiessed in size, furthei biopsies were taken 
It was noted that as long as theie was any polyp tissue pies- 
ent, despite its decieased size, the histologic appearance vaned 
little fiom the full sized polvp 

Erpenences fiom pathologic studies —Wien this study was 
started, and sections of polyp tissue w ere taken, it w as hoped 
that histologic study would ie\eal noteworthy changes It 
was noted, howeier, that despite the regression of the size 
of the polyp, as long as any poljpoid tissue remained, the 
histologic picture was identical In collagen diseases, how- 
evei, micioscopic changes aie difficult to note It is probably 
necessary 7 to new the tissue with the election microscope to 
note changes m the fibnllary structure Moie important is 
the piobabilitv that the changes that occui, which result m 
the pioduction of the polyp, aie m the giound substance of 
the tunica propria, and aie chemical changes lathei than 
histologic changes 

The following are excelpts fiom the histopathologic re¬ 
ports of nasal polypi of seveial patients under treatment with 
the mtiapolyp injection of Piednisolone 

Case 1 Sections, labeled fiom right and left nasal cham¬ 
bers, show a similar picture The sections show polypoid 
tissue partially covered by pseudostratified eolumnai epithe¬ 
lium The stroma is extremely loose and edematous, and is 
liberally sprinkled by leukocytes, which aie predominantly 
plasma cells and eosinophils 
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Theie aie aieas of mci eased capillantv and of catanhal 
activity of contained mucus glands The foimei featuie is 
piesent beneath the surface mucosa, thus suggesting gianu- 
lation tissue foimation The edema and the eosinophilic 
i espouse would support the clinic impiession that these pohps 
aie on an alleigic basis 


cssr-v; 



Pig 2 Nasal pol\p after one Injection of Prednisolone T B A 


Aftei an injection of Piednisolone, the polyp was i educed 
to appi oximately half its size on gioss inspection A biopsy 
was taken which levealed the following, see Fig 2 The 
polypoid stiuctuie shows an edematous stioma which con¬ 
tains focal collections and a diffuse of lymphocytes and 
eosinophils The surface epithelium is intact and of the tall 
columnai, occasionally pseudostiatified type 

Case 2 A nasal polyp aftei five injections of Piednisolone 
TB A The nasal polyp descubed heie was very small On 
gioss inspection of the nose it had almost disappeaied com¬ 
pared to its appeaiance when the injection tieatment was 
started It was noted histologically that the essential stiuc- 
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ture lemams unchanged, vith the exception of the xegiession 
of the edema, see Fig 3 

The pohpoid fiagments show consideiable edema, and 
nnld to moderate leukocytic mfiltiation of the stioma The 
The lattei lesponse is in the foim of small gioups of cells 
in some aieas, and m othei places the cells ha\e a scatteied, 
spimkled appeal ance Tliese cells aie of all \aneties with 
the plasmoe\te and the eosmophile piedommating Tlieie is 


'7-4?: , v J vv‘ ' 
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Fig: 3 Nasal pol'p after fl\e injections of Prednisolone 


one small aiea of lecent hemonhage, sunounded by fibio- 
blasts and by pigment-laden cells, but this does not have the 
appearance of venous thiombosis The surface epithelium is 
thickened but of the pseudostiatified lespnatorv tract type 

Other observers have similai expel lence on histologic study 
Rappaport, et al ,=' state as follows “The mucosa of 46 pa¬ 
tients with lagweed pollenosis veie studied befoie and aftei 
ACTH therapy The mucosa obtained at the end of four 
days of treatment with ACTH, when compaied with that 
lemoved befoie tieatment, showed consistentlv the following 
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changes 1 a geneial mciease m stamabihty of the glyco- 
piotem giound substance, 2 an mciease m the cement sub¬ 
stance between the epithelial cells of the mucosa, 3 an in- 
ciease m the stammg density and m the mdtli of the sub¬ 
mucous and of the pern asculai "basement membiane”, 4 an 
mciease m the numbei the thickness and the stamabilitv of 
the fibeis in the giound substance, 5 an mciease in the 
numbei and the size of led-stammg gianules in the cyto¬ 
plasm of stellate, oval and lound cells piesent in the sub¬ 
mucosa These cells aie believed to be undiffeientiated fibio- 
blasts (mesenchymal cells), and the gianules to be glyco- 
piotem m composition It would appeal fiom these lesults 
that duung the alleigic leaction the glycopiotems of the 
giound substances and the basement membianes aie broken 
down (depolymeiized) to smallei units with a piopoitionate 
loss of stamabihty The effect of Corticotiopm is to aiiest 
the piocess of depolymenzation Glycopiotems aie lestoied 
to a noimal state with a lesultmg mciease in stamabihty 

In seveial patients the polyp leached a certain point in 
its legiession, and then did not become smallei aftei fuithei 
injections In those it was thought that possibly some fibiotic 
change m the mucous membiane had occuned, and that the 
lemnants of the polyp could be lemoved suigically Some 
polypi did not leduce m size following the injection, and it 
was thought that possibly some etiologic factoi othei than 
allergy was involved, and that tieatment was discontinued 
In some patients theie was a lecunence aftei seveial weeks 
oi seveial months This often followed an uppei lespuatory 
infection, oi aftei contact with a known alleigen, oi some 
psychosomatic upset In these patients, the injections weie 
lepeated, and the same effect was obtained The injections 
may be lepeated numeious times with the same beneficial 
lesults, and appaiently without leaction oi ill effects 

From my expenences with injections of Piedmsolone 
T B A , I found that it was a safe method, and that no local 
or geneial reactions have occuned A legiession of the 
polypi occuis piomptly, and the patient has consideiable 
lelief Theie is no pam or bleeding This method may be 
used to give tempoiary relief while alleigic contiol and man- 
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agement is obtained It may be used m patients who aie un- 
suited foi suigery because of vanous physical leasons It 
may be used duung acute alleigic e\aceibations while await¬ 
ing the benefit of alleigy study and desensitization Kein 
and Schenck 1 long ago lecommended that suigical pioceduies 
be avoided duung acute alleigic exaceibations, such as pollen 
season, 01 duung acute asthmatic evaceibations This method 
Mill give the patient consideiable lelief while in this acute 
stage Many times when the maximum benefit of injection 
theiapv is leached with Piednisolone TBA, the lesidual 
polyp tissue may be lemoved with very little tiauma to the 
nasal mucosa 01 sinus mucosa In the event of lecunence, 
it is a simple mattei to lepeat the injections and see the 
same beneficial lesults Hollander 3 " found that lepeated 
injections in the arthutic aie equally effective and may main¬ 
tain 1 emission of symptoms foi long penods He also found 
an absence of systemic effects and adveise leactions fiom 
this local method of utilizing hydi ocortisone Cessation of 
injections has not been followed by exaceibations of the local 
inflammation, but only by 1 elapse to pie-tieatment status 
In seveie alleigic states, the lemnants of any nasal mucous 
membiane, howevei small, can be the site of polyp 01 polypoid 
foimation, theiefoie, even if the polyp lecuis aftei the 
Hydeltia® TBA, then the furthei injection may lesult in 
its disappeaiance, 01 surgical lemoval can be earned out 

Many observeis have shown that despite the degiee of 
ladical suigical tieatment theie will be lecunence of polypoid 
rhinitis, polypoid sinusitis, 01 bionchial asthma, unless some 
degiee of allergic contiol can be obtained Kem and Schenck, 1 
Tuft and Blumstein, 31 Pepys and Duveen, 32 and Chait 33 have 
leported legiession of nasal polypi aftei piopei and continued 
alleigic management and desensitization theiapy The les¬ 
son to be gained is that the nasal polyp and the lining mem¬ 
biane of the paianasal sinuses are capable of leturn 01 re¬ 
cession to normal 

Some typical case leports aie as follows 

Case 1 The patient age 47 male -was first seen on Jlav 10 1956 His 
history revealed nasal congestion sneezing rhtnorrhea and headache 
Twelve ^ears ago an intranasal polypectomy had been performed and 
again three years ago The present examination revealed multiple nasal 
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pohpi in each nasal chamber The pohpi were injected xxith Predisolone 
TBA Three treatments xxere gixen at xxeeklx internals At each 
examination it was noted the pohpi xxere smaller one -week after the 
last treatment the\ xxeie no longer xlslble The patient has remained 
comfortable since this treatment 

Case 2 This patient a female was fust seen in October 1940 The 
patient stated that during the past jeai she had dex eloped rhlnorrhea 
cough asthma and sneezing She lost her sense of smell and taste In 
Nox ember 1945 a pohp had been remoxed from each nasal chamber At 
this examination the nasal mucosa was pale and boggx The right 
middle tuiblnate was hvpeitiopliied Mam large pohpi xxere piesent in 
the right middle meatus On transillumination both antra were cloud\ 
Under local anesthesia the nasal pohpi were remoxed The patient was 
next seen in December 194S at which time she stated the pohpi had 
recurred within a slioit time and the\ were again remoxed b\ anothei 
rhinologist The patient then had a set ere attack of asthma and was 
hospitalized successheh at font diffeient hospltnls bt as mant pin si 
clans The nasal examination now letealed multiple nasal polypi bi 
lateralh, which completeh occluded each nasal chamber It was sug 
gested that complete alleigic cnie md management was indicated Sinus 
Xravs were made December C lets at Temple Uniteisitt Hospital ttheie 
it was shown that both maxillait sinuses weie completeh opaque 
Despite continued desensitization theiapt medical caie and management 
the patients asthma continued and hei pohpi lemained A bllateial 
transantral ethmoldectomj was done in Februart 1949 in lanuait 
i960 poltpi were again remoted in Januart 1951 when she was again 
seen ACTH was atailable and it was then that the injection of the nasal 
pohpi with ACTH was done The patient returned for a seiies of in 
jections into each nasal chamber The pohpi became smaller after each 
injection and she began to feel moie comfoitable Coitisone then be 
came axailable and on April 2S Max la and Max 2S 1951 Coitisone was 
injected into the pohpi This did not reduce the size of the pohTti Be 
cause of the pool lesults with Cortisone ACTH was again injected and 
this time after sexeral injections, the pohpi disappeared On Febiuarx 
16 1953 both nasal chambeis xxeie free of poljpi The patient retuined 
again in Januaix 1956 polpi xveie again piesent and this time the 
Prednisolone TBA xxas used Aftei foui treatments both nasnl chum 
bers were clear This case illustiates that surgerx alone cannot contiol 
nasal polxposis The cure is bound up in the general allergic state and 
until this can be completeh managed pohpi x\ill lecui The intrapolxp 
injection is a mode of management and helps ax old repeated surgerx 

Case 3 This patient male age 53 xxas fiist seen xxltli a chief complaint 
of nasal congestion lhinorrhea and sneezing He had had four prexious 
pohpectomies The present studx rexealed recurrence of polypi xxith 
complete closuie of both nares Prednisolone TBA xxas Injected into 
the polxTii The injections were lepeated at weeklx internals and it took 
sexen treatments to free the nose of pohpi There xxere no untoxvard 
local or svstemic leactions When last seen the nose xxas free of pohpi 

Case 4 A female patient age 40 was seen on Max 18 1956 with a 
historx of asthma for the past four xears Four prexious operations foi 
the removal of nasal polvpi had been done and she still complained of 
nasal congestions and discharge Examination revealed recurrent bi 
lateral poljposis and allergic rhinitis The poljpi xxere Injected xxith 
Hxdeltra T B_A on eight occasions These injections xvere made at xxeek 
ly intervals Aftei the fifth injection the polJTs were practicallj gone 
except for small residual polypoid areas On the left side a dense fibious 
sac the residual of one polyp, remained This sac xxas removed xxith 

o nocal cn5ro Tho nnHpnt Uflfi PP-P\ Omlnorl fn t\x*n mmitlic at 
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time the nose was still clear The patient was referred for general 
allergic stud\ and management At present she is receding desensitize 
tion thernp\ 

Case 5 RF age 42, was first seen in December, 1946 at which time 
a bilateral pol\pectom> was performed He was well then until December 
1955, at which time he was admitted to the Temple Universitv Medical 
Center with asthma and hvpertension, and anginal svmptoms Both nasal 
chambers were completed filled with nasal pohpi These nasal polvpi 
projected from the nares (see Fig 1) Dailv injections of Prednisolone 
Hideltra TBA were given for a fi\e dn> period, following which the 
complete regression of the nasal poll pi was noted 

The injection technique helps with the management of the 
alleigic patient as lllustiated by the following Mis RP 
had allergic lhmitis foi many years Despite constant alleigic 
caie and management by an alleigist, she had fiequent le- 
cunences of nasal polvpi The patient can tell when hei nose 
is obstiucted and leports foi tieatment on hei own, at which 


SUMMARY OF CASES TREATED 


__ Patients Injections 

ACTH ___ ____ _ 5 2S 

Cortone ____ 5 40 

Cortone F (Hvdrocortlsone TBA.) __ 3S 228 

Prednisolone (Hydeltra TBA) 30 220 


time the nasal polypi are injected The swelling and polypi 
aie i educed, and the patient feels better foi varying lengths 
of time, then she is again seen In tins way, we avoid multiple 
surgical excisions and keep oui patient comfortable 

Case G Mrs R Z an elderlv female age 70, had allergic rhinitis for 
manv vears She had numerous polvpectomies and four vears ago had 
a bilateral Caldwell Luc and transantral ethmoidectomv Despite this 
nasal polvpi continued to recur There is a definite seasonal cvcle 
When the patient has nasal congestion and obstruction she returns for 
injections with subsequent relief In three vears of observation she has 
had numerous injections with relief for varving periods Polvpi con 
tinue to recur, but we have avoided surgical excision 

Control studies have been done at varying times, injecting 
the polypi with distilled watei, hyaluionidase, and antihista- 
minic substances No lesults were obtained m oui expen- 
ences This was done only once oi twice m the patients 
selected, because it was felt that it was unfan to withhold 
relief foi a longer tiial 

Since the advent of the Piednisolone TBA we have used 
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this exclusively Theie have been no systemic leactions The 
polypi aie injected, and on the letiun visit, consideiable ic- 
giession is usually noted Sometimes, the polypi disappeai 
completely aftei the fust injection At other times, the 
lemnant of the polyp is seen to be coveied with a thick, plastic 
exudate, and when this is lemoved by the use of suction, 
the lemnant of the polyp can be aspnated and lemoved in this 
way Theie weie veiy few alleigic polvpi that did not de¬ 
cease m size aftei the injection Most patients neie lelieved 
by the tieatment The numbei of doses vanes Some patients 
have complete legiession to a noimal state, otlieis only veiy 
tempoiaiy lelief The amount of lelief vanes with the allei- 
gic pioblem and the alleigic leaction that caused the flaie-up 
and lecunence In most cases, the legiession of the polypi 
can be hastened by the use of coiticosteioid substances m con¬ 
junction with the injection theiapy In some patients the 
deciease m the size of the polyp stops at a ceitain point 
and no fuithei improvement can be obtained In these pa¬ 
tients, the conventional snaie and punch technique is used 
foi the fuithei lemoval Since we have been using this 
tieatment we have done veiy few suigical polypectomies 
This is leseived foi the occasional patient who has lesidual 
fibiotic tissue aftei the injections aie completed Most pa¬ 
tients who have polyps have alieady expenenced a gieat 
deal of suigeiy, and aie happy to have a tiy at injection 
theiapy even if it means lepeated visits 

This tieatment would indicate that polypi can be 1 educed 
without suigeiy, and that we can peifoim a minimal of 
mtianasal suigeiy Sometimes on the fust visit, if a patient 
is veiy uncomfortable, the laigei polypi can be lemoved by 
the snare, and this gives quickei lelief Then the remaining 
polypi aie tieated by injection theiapy This is mentioned 
to indicate that the steioid injection theiapy has a place 
m oui theiapy, and its use can be vaned by the lhmologist’s 
judgment and expenence with the method In the beginning, 
the injection was used alone to study its benefit At times, 
a combination of the snaie, injection and oial coiticosteioid 
theiapy give quickei and moie peimanent lelief In my 
piesent expenence and thinking, ladical attack on the eth¬ 
moidal labynnth will be laiely indicated 
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DISCUSSION AND CONCLUSION 

The advent of mcieased knowledge of the tunica piopua, 
the supporting fibullai netwoik, and the collagen giound 
substance, has given an impetus to the study of many types 
of allexgic and mflammatoiy leactions The mesenchymal 
tissue, long neglected, has nov r assumed an impoitant place 
These advances have been possible because of the election 
micioscope, advanced biochemical leseaich, and the endo- 
cunologic leseaich, lesulting in the availability of the man} 
corticosteioid substances The use of these substances has 
enabled us to cause the legiession of alleigic leactions 
Hench 34 stated “Aside fiom epmephnne, these aie the fust 
hoimonal agents with maiked anti-alleigic piopeities” The 
tieatment of nasal polvpi by the use of Piednisolone TB A 
is descubed Good lesults, with lelief of symptoms, have 
been obtained m most cases This occuned without local 01 
systemic leaction It peimits the full utilization of the anti- 
mflammatoiy activity of corticosteioids at the tissue level 
without pioducmg systemic effects In the event of lecui- 
lence, the injections can be lepeated many times If theie is 
no lesponse to this theiapy, then suigerv can be instituted 
The impoitant lesson is not a new T tieatment foi polyposis, 
but that nasal mucous membiane, having undeigone polypoid 
change, is capable of legiession to normal, 01 neai noimal, 
and should be lespected lathei than exenteiated 
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PIETRO CALICETI AWARD 

Di Samuel Rosen, of New Yoik City, has been honored 
with the fust Pietio Cahceti Award foi his outstanding 
woik m stapes mobilization He is consulting otolaryngologist 
at Mount Sinai Hospital 

Tlie Awaid—a medal, diploma and $1600, was made to Dr 
Rosen m Bologna, Italy, Decembei 13, 1957 It was estab¬ 
lished m memory of Piofessoi Caliceti, dnectoi of the Umvei- 
sity of Bologna, who died m 1951 It is to be given on an 
international basis every foui yeais foi the most significant 
and published woik m otoihmolaiyngology 



STAPES MOBILIZATION 
Lasting Results at One and Two Years "f 


Yrjo Meurman, M D , 
and 

Otto H Meurman, M D , 

Helsinki, Finland 

TECHNIQUE 

In 1955 we published the lesults obtained in the fust 63 
cases opeiated upon by stapes mobilization in the Otolann- 
gological Clime of the Unneisity of Helsinki The opeiations 
weie perfoimed by the onginal Rosen technique, though in 
most cases with the aid of a binoculai Zeiss opeiating micio- 
scope In 25 cases the impiovement in healing was good, m 
12, slight, and in 26 no lesult w r as obtained Veiv many of 
the failuies weie due to ciuial fiactuie and peisistmg fixa¬ 
tion of the stapes footplate Om technique has since been 
modified to obtain bettei visualization of the oval window 
and to facilitate mobilization 

In the spung of 1955, at the meeting of the Geiman Oto- 
laryngological Society, Di Y Meuiman piesented lesults ob¬ 
tained with his method the atticus is opened thiough an 
endauial incision, and the coipoia of the ossicles exposed, this 
is followed by lemoval of the budge which lesults m good 
visual exposuie of the oval window legion If the stapes is 
solidly fixed, the footplate itself is mobilized by bieaking the 
bony connections with thin lancet-pointed knives Opening of 
the attic, howevei, is not lequned foi piopei visualization of 
the oval window, theiefoie, we latei adopted the following 
technique an oidinaiy ciiculai endauial incision is made 
neai the onfice of the external meatus, and fiom the uppei- 
most point of tins incision, anothei incision is earned foi 

•Read at the meeting of the Sixth International Congress of Otolnon- 
gology Washington D C Maj 6 1967 

tProf T Meurman MD Head of the Otolarj ngologlcnl Unh ersltj 
Clinic Helsinki 

This manuscript recelied In The Harj ngoscope Office and accepted for 
publication May 13 1957 
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some distance upwaid between the tiagus and the helix The 
skm of the upper and posteiioi meatal nail is dissected fiom 
tlie bone down to the dium maigm, and the posteiioi maigm 
of the dium is then fieed fiom its sulcus In the aiea nheie 
the choida tympani lea\es the facial nei\e, some of the bony 
maigm of the tympanum is iemo\ed, using a bui so as to 
allow piopei visual exposuie of the stapedial tendon, the facial 
canal, the ciuia, and most important, the footplate itself 
Seveial \anations ha\e been used foi the actual mobilization 
Initially ne often tiled, aftei the foiegoing appioach, to 
mobilize the footplate bv applying piessuie on the neck of 
the stapes in the dn ection of the stapes tendon, 01 by applying 
piessuie to the end of the long piocess of the incus m an at¬ 
tempt to push the stapes mwaid Duimg 1956 ne began to 

TABLE i 

CASES OF STVPES MOBILIZATION (SHAMBAUGH’S CATEGORIES) 




B 

C 

Total 

1954 

.... 64 

29 

S 

mm 



34 

13 

136 

1956 

--- -__94 

46 

2 

142 

Total 

- ___-- -247 

109 

23 

379 


use more and moie dnect mobilization of the footplate, eithei 
by bieakmg the bonj connections between the footplate and 
the window maigms with a lancet knife, 01 with a needle 
piobe Oidmaiilv it has sufficed to mobilize the footplate at 
the antenoi penphery of its attachment to the antenoi cius 
and at the posteiioi penpheiy of its attachment to the postei¬ 
ioi cius, but occasionally it has been necessary to bleak con¬ 
nections also at the supenoi and mferioi maigms of the 
footplate As fai as possible we avoid fiactuiing the ciuia 

MATERIAL AND INITIAL RESULTS 

In Table I the cases aie classified by Shambaugh’s ciitena 
and yeai of opeiation 

The total numbei of opeiated eais was 379 This seines 
includes also lemobilizations 
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Yrjo Meurman, M D , 
and 

Otto H Meurman, M D , 

Helsinki, Finland 

TECHNIQUE 

In 1955 we published the lesults obtained in the first 60 
cases opeiated upon by stapes mobilization m the Otolaivn- 
gological Clinic of the Unneisity of Helsinki The opeiations 
weie perfoimed by the ongmal Rosen technique, though m 
most cases with the aid of a binoculai Zeiss opeiating micio- 
scope In 25 cases the impiovement m healing was good, in 
12, slight, and m 26 no lesult was obtained Veiy many of 
the failuies weie due to ciuial fiactuie and peisistmg fixa¬ 
tion of the stapes footplate Oui technique has since been 
modified to obtain bettei visualization of the oval window 
and to facilitate mobilization 

In the spung of 1955, at the meeting of the Geiman Oto- 
laryngological Society, Di Y Meuiman piesented lesults ob¬ 
tained with his method the atticus is opened tlnough an 
endauial incision, and the coipoia of the ossicles exposed, this 
is followed by lemoval of the budge which lesults m good 
visual exposuie of the oval window legion If the stapes is 
solidly fixed, the footplate itself is mobilized by biealung the 
bony connections with thm lancet-pointed knives Opening of 
the attic, howevei, is not lequned foi piopei visualization of 
the oval window, theiefoie, we latei adopted the following 
technique an oidmaiy cnculai endauial incision is made 
neai the orifice of the external meatus, and fiom the uppei- 
most point of this incision, anothei incision is earned foi 

•Read at the meeting of the Sixth International Congress of Otolnrjn- 
gologr Washington D C May 5 1957 

tProf Y Meurman MD Head of the Otolarj ngologicnl TJnlversltj 
Clinic Helsinki 

This manuscript received In The Larjngoscope Office and accepted for 
publication May 13 1967 
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some distance upwaid between the tragus and the helix The 
skin of the uppei and postenoi meatal -wall is dissected fiom 
the bone down to the dium maigin, and the postenoi maigm 
of the dium is then fieed fiom its sulcus In the aiea wheie 
the clioida tvmpam leaves the facial nei\e, some of the bony 
maigm of the tympanum is lemoved, using a bui so as to 
allow piopei \ isual exposuie of the stapedial tendon, the facial 
canal, the ciuia, and most important, the footplate itself 
Seveial vanations have been used foi the actual mobilization 
Initially we often tiled, aftei the foiegoing appioach, to 
mobilize the footplate bv applying piessuie on the neck of 
the stapes in the dnection of the stapes tendon, 01 by applung 
piessuie to the end of the long piocess of the incus in an at¬ 
tempt to push the stapes mwaid Dunng 1956 we began to 


TABLE I 

CASES OF STAPES MOBILIZATION (SHAMBAUGH’S CATEGORIES) 
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use moie and moie dnect mobilization of the footplate, eithei 
by breaking the bonv connections between the footplate and 
the wnndow maigms with a lancet knife, 01 with a needle 
piobe Oidmanly it has sufficed to mobilize the footplate at 
the antenor penphery of its attachment to the antenoi cius 
and at the postenoi penphery of its attachment to the postei- 
lor crus, but occasionally it has been necessary to bleak con¬ 
nections also at the supenoi and mfenoi maigms of the 
footplate As fai as possible w T e avoid fiactunng the ciuia 

MATERIAL AND INITIAL RESULTS 

In Table I the cases aie classified by Shambaugh’s cntena 
and year of opeiation 

The total numbei of opeiated eais was 379 This senes 
includes also lemobilizations 
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Yrjo Meurman, M D , 
and 

Otto II Meurman, M D , 

Helsinki, Finland 

TECHNIQUE 

In 1955 we published the lesults obtained in the fust 63 
cases opeiated upon by stapes mobilization in the Otolaivn- 
gological Clinic of the Uimcisitv of Helsinki The opeiations 
weie peifoimed by the oiigmal Rosen technique, though m 
most cases with the aid of a bmoculai Zeiss opeiatmg nncio- 
scope In 25 cases the impiovement in healing was good, m 
12, slight, and in 26 no xesult was obtained Veiv many of 
the failuies weie due to ciuial fiactme and peisistmg fixa¬ 
tion of the stapes footplate Oui technique has since been 
modified to obtain bettei visualization of the oval v mdow 
and to facilitate mobilization 

In the spung of 1955, at the meeting of the Geiman Oto- 
laiyngological Society, Di Y Meuiman piesented lesults ob¬ 
tained with his method the atticus is opened tlnough an 
endauial incision, and the coipoia of the ossicles exposed, this 
is followed by lemoval of the budge which lesults m good 
visual exposuie of the oval window legion If the stapes is 
solidly fixed, the footplate itself is mobilized by bi eaking the 
bony connections with thin lancet-pointed knives Opening of 
the attic, howevei, is not lequned foi piopei visualization of 
the oval window, theiefoie, we latei adopted the following 
technique an oidmary cnculai endauial incision is made 
neai the onfice of the exteinal meatus, and fiom the uppei- 
most point of this incision, anothei incision is earned foi 

*Rend at the meeting of the Sixth International Congross of Otolarjn- 
gologj Washington X? C May G 1967 

tProT T Meurman 1ID Head ol the Otolarv ngologicnl Unlversltj 
Clinic Helsinki 

This manuscript received In The Larj ngOBCope Office and accepted for 
publication May 13 1957 

18 



MEURMAN &, MEURMAN STAPES MOBILIZATION 


21 


avoid ciuial fiactuies entnely, howevei, the adoption of 
duect footplate mobilization has reduced the impoitance of 
fractuies This is evident fiom Table III, m which the num- 
bei of cases with fiactuie is shown in the diffeient gioups 
of healing mipiovement 

Notwithstanding fiactuie, the lesults as to healing 1 m- 
piovement weie good, especially in 1956—16 cases 


TABLE III 

NUMBER OP CASES WITH FRACTURE 



1954 

1955 

1»5C 

I 

__ — 

2 

3 

II _ — — 

_2 

o 

O 

13 

III _ _ 

_ _S 

6 

5 

IV__ _ _ 

—32 

37 

11 

Total -- -- 

_42 

48 

32 


LASTING RESULTS 

The second, and most important point to be consideied when 
dealing vnth the mobilization pioceduie, is the peimanency 
of the lesult The patients m oui senes w r eie fiom diffeient 
parts of Finland, and, unfortunately not neaily all of them 
could be studied by follow-up examinations, theiefoie, it is 
not possible to piesent any definite peicentages lllustiatmg 
the peimanency of the lesults 

Table IV, howevei, shows data on the cases m which the 
healing subsequently leceded 

The above Table shows that m Gioup I, m -which the heai- 
mg gam was close to the theoietically possible level, the 
heal mg usually did not detenoiate within the fust 100 days 
aftei the opeiation Dunng a longei penod of obseivation 
cases with lost impiovement occui also m tins gioup In 
Gioups II and III, on the othei hand, the majonty of the cases 
which lost the obtained impiovement did so within a com- 
paiatively short penod The next table (Table V) shows 
the peicentage of cases with maintained impiovement, lost 
impiovement, and with lacking follow r -up data in the yeais 
studied 
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Natuialh, the initial lesult as to the amount of healing 
gam diffeied m these \anous gioups To obtain a moie uni¬ 
form basis of iefeienc< we, theiefoie, piesent the initial ie- 
sults in 1 elation to tin theoretically obtainable level The 
cases weie divided into mm gioups, accoidmg to the result 
achieved In Gioup I th unpiovement lose to the theoietical- 
ly possible level, 01 vei\ * lose to it, postopeiatively the loss 
by ail was 0-10 db giean i than the pieopeiative bone conduc¬ 
tion loss aftei adjustment of the Caihait notch In Gioup 

II the gap between the postoperative an conduction and the 
pieopeiative bone conduction curve was 15-20 db , in Gioup 

III 25 db oi moie, and m Gioup IV theie was no impiovement 
whatevei The lesults aie shown in Table II 


TABLE II 

PRIMART RESULTS—COMPARISON OF POSTOPERATIVE AIR 
CONDUCTION AND PREOPERATIVE BONE-CONDUCTION 


I 

II 

III 

rv 

Postoperative 
Postoperative 
Postoperative 
No Results 

AC-loss 010 
AC-loss 15 20 
AC-loss 25 

db >preoperati\c BC-loss 
db >preoperathe BC loss 
db > preoperative BC-loss 


1954 

1955 

195C 

Total 

i 

12—11 8% 

21—15 4% 

23—16 2% 

56—14 7% 

ii 

29—28 6% 

29—21 3% 

64—45 0% 

122—32 3% 

hi 

18—17 8% 

22—16 2% 

32—22 6% 

72—19 07c 

IV 

42—41 8% 

64—17 1% 

23—16 2% 

129—34 07c 


101 

136 

142 

379 


In the above Table, attention is called to the fact that the 
proportion of cases m Gioup I has lemamed piactically un¬ 
changed In spite of changes in the opeiative technique the 
peicentage of cases noth an excellent lesult has not mcieased 
appreciably In Gioup II, in which the gam is still good, 
sinnlai to that obtained by a successful fenestiation, a distinct 
improvement was noted m 1956 It is quite obvious that 
impioved visual exposure and the substitution of diiect foot¬ 
plate mobilization foi the pievious mdnect method have 
caused an increase m the cases of this gioup, similaily, the 
proportion of complete failuies has been consideiably re¬ 
duced, as compaied with the preceding yeais 

Despite the advances m technique, it was not possible to 
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avoid ciuial fiactuies entuely, howevei, the adoption of 
dnect footplate mobilization has reduced the importance of 
fractuies This is evident fiom Table III, m which the num- 
bei of cases with fiactuie is shown m the diffeient groups 
of healing impio\ement 

Notwithstanding fiactuie, the lesults as to healing im¬ 
provement weie good, especiallv m 1956—16 cases 


TABLE III 

NUMBER OF CUSES WITH FRACTURE 



1954 


1956 

I 


9 

3 


_ 2 

3 

13 

III_ _ ____ 

_s 

G 

5 

IV-- - — 

__32 

37 

11 

Total . .. ... ... ... 

_42 

4S 

32 


LASTING RESULTS 

The second, and most important point to be consideied when 
dealing with the mobilization pioceduie, is the peimanency 
of the lesult The patients m oui senes weie fiom diffeient 
pails of Finland, and, unfortunately not nearlj all of them 
could be studied by follow-up examinations, theiefoie, it is 
not possible to piesent anv definite peicentages lllustiatmg 
the peimanency of the lesults 

Table IV, however, show r s data on the cases m which the 
hearing subsequently leceded 

The above Table shows that in Gi oup I, m w Inch the hear¬ 
ing gam was close to the theoietically possible level, the 
hearing usually did not detenoiate within the fust 100 days 
aftei the opeiation Dunng a longei period of observation 
cases with lost impiovement occui also m tins gioup In 
Gioups II and III, on the other hand, the majontv of the cases 
which lost the obtained impiovement did so within a com¬ 
paratively short penod The next table (Table V) shows 
the percentage of cases with maintained impio\ ement, lost 
impiovement, and with lacking follow-up data m the yeais 
studied 
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Natuialh the initial lesult as to the amount of healing 
gain diffeied m these » a ious gioups To obtain a moie um- 
foim basis of iefeient« no, theiefoie, piesent the initial ie- 
sults in 1 elation to tin iheoieticallv obtainable level The 
cases weie dmded into nun gioups, accoidmg to the lesult 
achieved In Gioup I th impiovement lose to the theoietical- 
ly possible le\el, 01 vei\ use to it, postopeiatively the loss 
by an was 0-10 db giean > than the pieopeiative bone conduc¬ 
tion loss aftci adjustment ot the Caihait notch In Gioup 

II the gap between the postopeiative an conduction and the 
pieopeiative bone conduction cuive was 15-20 db , in Gioup 

III 25 db oi moie, and m Gioup IV theie was no impiovement 
whatevei The lesults aie shown in Table II 


TABLE II 

PRIMARY RESULTS—COMPARISON OF POSTOPERATIVE AIR 
CONDUCTION AND PREOPERATIVE BONE-CONDUCTION 


I Postoperative 
II Postoperative 
III Postoperatiie 
TV No Results 

AC-loss 010 
AC-loss 15 20 
AC-loss 25 

db >preoperatiie BC loss 
db >preoperathe BC loss 
db >preoperative BC-loss 

1954 

1956 

195G 

Total 

I 12—118% 

II 29—28 6% 

III IS—17 8% 

IV 42—418% 

21— 15 4% 
29—21 3% 

22— 16 2% 
64—47 1% 

23—16 2% 
G4—45 0% 
32—22 6% 
23—16 2% 

66—14 7% 

122—32 3% 

72—19 0% 

129—34 0% 

101 

136 

142 

379 

In the above Table, attention 

is called to the fact that the 


pioportion of cases in Gioup I has lemamed piactically un¬ 
changed In spite of changes m the opeiative technique the 
peicentage of cases with an excellent lesult has not mcieased 
appreciably Gioup II, m which the gam is still good, 
smnlai to that obtained by a successful fenestiation, a distinct 
impiovement was noted m 1956 It is quite obvious that 
improved visual exposure and the substitution of dneet foot¬ 
plate mobilization foi the pievious mdnect method have 
caused an mciease m the cases of tins gioup, similaily, the 
propoition of complete failuies has been consideiably le- 
duced, as compaied with the piecedmg yeais 

Despite the advances m technique, it was not possible to 



MEURMAN &. MEURMAN STAPES MOBILIZATION 


23 


footplate to the antenor cius, but frequently the footplate is 
fixed also postenoily By applying piessuies on these two 
points, it is possible to mobilize the footplate Raiely is it 
necessary to fiee the footplate along its supenoi and mfenoi 
maigms 

Advances in opeiative technique cieate an mciease in the 
numbei of good initial lesults, as indicated by oui figuies 
foi 1954, 1955, and 1956 In 1956 the initial lesult was good 
in about 60 pel cent of the cases, and m only 17 pei cent was 
theie no impio\ement whatevei On the otliei hand, it should 


TABLE V 


PERMANENCY OF RESULTS (Up to March, 1957) 




1054 


1056 

Improiement lost _ — 

No follow up data _ 

Maintained improvement — 

_31—52 5% 

_21—35 6% 

„ 7—119% 

29—10 3% 
22—31 G% 
21—2S 1% 

24—20.2% 
52—43 7% 
43—36 1% 



59 

72 

119 


be noted that a lesult conespondmg to the theoietically pos¬ 
sible level was obtained in only about 16 pei cent, m which 
footplate mobilization can thus be consideied to have been 
complete In 44 pei cent the lesult was good, though it did 
not leach the theoietically possible level In some of the cases 
this was due to fiacture of a cius, 01 both ciuia, which le- 
duces the effective movements of the footplate m spite of its 
mobilization In some cases, howevei, the footplate evidently 
had not been completely mobilized 

The fact that m such cases mobilization may have been 
incomplete, is supported by the observation that this group, 
m which the initial lesult was good but did not reach the 
theoietically possible level, included cases lecedmg to the 
preopeiative level within a very short period of observation 
In the gioup with the best initial lesult the hearing gam was 
maintained much longei, and if healing subsequently receded, 
detenoiation began much latei Fiom this it is appai ent 
that not even the best pi imary i esidt insui es a lasting i estora- 
tion of hearing, but it would seem that the moie incomplete 
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This Table shows that the numbei of cases in which 1 m- 
piovement is lost, mcieises with the duiation of the obsei- 
vation penod A moii detailed piesentation of the lasting 
lesults is impossible, bee uise of the gieat numbei of cases in 
which follow-up e\amm ition could not be earned out The 
figuies in the Table ob\ .oush do not do full justice to oui 
lesults as fai as lasting lestoiation of healing is concerned 

CONCLUSIONS 

In own expenence, success of a mobilization opeiation is 
gained pumaiilv by an expostue that allows good equalization 


T\m E IV 


IMPAIRMENT TO PREOPERATIVE LEVEL 
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Total 

Total No of eais 

5 

14 

12 

3 7 

15 

opeiated 

12 

29 

IS 

21 29 

22 


- 11 13 

23 G4 32 


of the legion of the oval window It is only by w'atchmg the 
movement of the stapes footplate that the completeness of 
mobilization can be appiaised The fact that a conespondmg 
movement is seen m the membiane oi niche of the lound 
window does not yet msuie that the footplate has been fully 
fieed The stapes footplate must be leadily and fieely move- 
able m all possible duections on gentle manipulation 

Sometimes the fixation of the stapedial footplate is veiy 
slight Mobilization is then easy, and can be successfully 
perfoimed with almost any technique If, how f evei, the foot¬ 
plate is ngidly fixed, w r e considei a pioceduie dnected at the 
footplate itself, the only conect one Fixation is usually 
most solid at the antenoi penpheiy of the attachment of the 
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footplate to the antenoi cius, but fiequently the footplate is 
fixed also postenoily By applying piessuies on these two 
points, it is possible to mobilize the footplate Raiely is it 
necessaij to fiee the footplate along its supenoi and mfenoi 
maigins 

Advances in opeiative technique cieate an mciease in the 
numbei of good initial lesults, as indicated by oui figuies 
foi 1954, 1955, and 1956 In 1956 the initial lesult was good 
m about 60 pei cent of the cases, and m only 17 pei cent was 
tlieie no impiovement \\hatevei On the othei hand, it should 
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be noted that a lesult coiiespondmg to the theoietically pos¬ 
sible level was obtained in only about 16 per cent, m which 
footplate mobilization can thus be consideied to have been 
complete In 44 pei cent the lesult was good, though it did 
not leach the theoietically possible level In some of the cases 
this was due to fiacture of a cius, oi both ciuia, which le- 
duces the effective movements of the footplate m spite of its 
mobilization In some cases, howevei, the footplate evidently 
had not been completely mobilized 

The fact that m such cases mobilization may have been 
incomplete, is supported by the observation that this gioup, 
m which the initial lesult was good but did not reach the 
theoietically possible level, included cases lecedmg to the 
preopeiative level within a very short period of observation 
In the gioup with the best initial lesult the hearing gam was 
maintained much Iongei, and if healing subsequently receded, 
detenoiation began much later Fioni this it is appaient 
that not even the best pi imai y i esidt insui es a lasting i estoi a- 
tion of hearing, but it would seem that the moie incomplete 
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which follow-up e\ami 1 1 on could not be earned out The 
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U<\( LUSIONS 

In own expenence, success of a mobilization opeiation is 
gamed pnmaiilv by an exposuie that allows good visualization 
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of the legion of the oval window' It is only by w'atchmg the 
movement of the stapes footplate that the completeness of 
mobilization can be appiaised The fact that a conespondmg 
movement is seen m the membiane 01 niche of the lound 
wondow' does not yet msuie that the footplate has been fully 
fieed The stapes footplate must be leadily and fieely move- 
able m all possible dnections on gentle manipulation 

Sometimes the fixation of the stapedial footplate is veiy 
slight Mobilization is then easy, and can be successfully 
performed with almost any technique If, however, the foot¬ 
plate is ligidly fixed, we consider a pioceduie directed at the 
footplate itself, the only correct one Fixation is usually 
most solid at the antenoi peupheiy of the attachment of the 
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Because of the manv difficulties associated with geneial 
anesthesia when employed foi peioial endoscopy, local anal¬ 
gesia, although not necessanly the patient’s choice, has le- 
mamed the endoscopist’s choice m these pioceduies 

Theie have been numeious geneial anesthesia techniques 
descubed , 1:3 * which have sought to resolve the majoi piob- 
lem of maintaining adequate lespnatoiy exchange m a deeply 
anesthetized 01 cuianzed patient, with the suigeon woikmg 
m the zone of anesthesia admimstiation All of these methods 
have the basic physiologic fault of inadequate ventilation with 
letention of caibon dioxide 

This pioblem has now been lesolved by the use of a modi¬ 
fied polio chest lespnatoi, which efficiently maintains lespii- 
atory exchange in a lightly anesthetized but totally cuianzed 
patient 

The lespnatoi consists of a plastic 01 lubbei lamcoat, 
which slips ovei the patient’s head and trunk It fits snugly 
aiound the neck and wrists A wiie cage is placed undei the 
lamcoat so that there is at least a six-mch space between the 
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the mobilization, the n.oie lapiclh and frequently does the 
healing letuin to the p eopeiatne lex el 

We still considei tin si ipes mobilization opeiation an ac¬ 
ceptable smgical pioceduu uoxtli developing fuithei, and we 
iegulail\ peitoim it fiiot when opeiatmg on patients with 
clinical otoscleiosis If no icsult is obtained, ive then lesort 
to fenestiation 

Haartmanmk 4 


SEVENTH INTERNATIONAL CONGRESS 
OF BRONCHOESOPHAGOLOGY 

The Seventh International Congiess of Bionchoesophagol- 
ogy will be held at Kyoto (Japan) Umveisitv, Septembei 
12-14,1958, undei the dnection of Pi of Mituhaiu Goto, M D , 
Otoihmolaiyngological Clinic, Kyoto Umveisity Hospital, 
Kyoto, Japan 

A legislation fee of $25 00 USA will be chaiged all 
physicians and a fee of $10 00 foi wives oi non-medical 
guests Registeied membeis aie admitted fiee to banquet, 
leceptions and sightseeing touis 

Closing date foi scientific papeis null be Apnl 30, 1958 A 
summary of papei, not to exceed 800 wmids, should be sent to 
the Dnectoi not latei than that date 
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lamcoat and the patient’s chest (see Fig 1) The lamcoat 
is tlien tucked m snugly between the thighs A two-mch 
opening limmed with mbbei is located m the chest legion 
of the lamcoat, to which can be attached the suction hose 
fiom a specially designed vacuum pump This has been fitted 
with a valve that peinnts it not only to cieate, veiy lapidly, 
an intense vacuum by sucking an out of the lamcoat en¬ 
closed aiea, but also alternately peimits an to leentei the 



Pig 1 1 Bronchoscopj Patient Is maintained in state of total pnrnljsis 
b\ intermittent IV Injections of succln\ lcholine Light anesthesia is 
maintained b> Insufflating a mixture of NaO-J-Oj-f-C\clo through side arm 
of bronchoscope Patient s head held b> assistant Respirator ■w 111 main¬ 
tain efficient resplratorx exchange indefinite^ Leakage around patients 
neck wrist and thighs Is minimal and of little significance since \acuuin 
causes raincoat to adhere to skin 


aiea, thus establishing a ventilation pattern which maintains 
not only tidal volume, but may even be used to hypei ventilate 
the patient The suction causes expansion of the chest Avail 
which pioduces inhalation, while the alternate le-entiance of 
an back into the cage causes the chest to fall, pioducmg ex¬ 
halation A patient lightly anestheteized and totally paialyzed 
with succmylcholme can thus be ventilated Avith complete 
efficiency 

Theie is no limitation to the length of time the opeiatoi 
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can voik, and he can pioceed in a leisuiely and thoiough 
mannei, not being humed bv discomfort 01 feai foi the 
condition of the patient A laijngoscope with a Lewy laiyn- 
goscope holdei (see Fig 2) can be lested on the patient’s 
chest wall, thus allowing opeiations on the larynx while the 
operatoi has two hands fiee foi maneuveis With succmyl- 



Flg 2 Laryngeal Surgerx Light anesthesia Is maintained b\ insuf¬ 
flating N O+Oi^-C'clo through a naso-phar'ngeal tube the tip of which 
lies at the utula Paralisls Is maintained b\ Intermittent injections of 
succlni lchollne A Lew\ support holds lar\ ngoscope which frees surgeons 
hands Respirator breathes for patient b\ creating first a negatlte then 
a release of pressure around chest wall 


choline the larynx is at rest in abduction, leaving the free 
maigms of the vocal cords along with the subglottic legion 
easily visible 

Esophagoscopies aie facilitated and safer on a completely 
relaxed patient wuth bettei visibility and less chance of tiau- 
matic perfoiation 

Bayuk 5 w r as the first to descube the use of a polio chest 
shell foi maintaining respnatory exchange m cuianzed pa¬ 
tients subjected to peioral endoscopy, howevei, the chest 
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raincoat and the patient’s chest (see Fig 1) The laincoat 
is then tucked m snugh bitnorn the thighs A two-inch 
opening 1 mimed wit) lubber is located m the chest legion 
of tht lamcoat, to which tan be attached the suction hose 
lioin a snenalh designed \ nuum pump This has been fitted 
with a \ ih that penults it not only to cieate, veiy lapidly, 
an mtinsf \auium br sue! mg an out of the lamcoat en- 
clostd aiea but also nltemittlv pcimits an to leentei the 



b\ P1 lntermntent Ch I V^injeafo^of 8 s n uci?n%irh d n ln Stft T t< i totnI Pnribsls 
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tain efficient respirator" exchange lnd*fmu 9 J, 8tnl \ l R<- 8 I'lrntor n ill mnln- 
neck ivrlst and thighs Is mlnhnal and of b° n i^,’ lp0 nround patients 

onuses raincoat to adhere to skin ° f 1 ttle fl le: n lfic'ince since \acuum 


aiea, thus establishing a ventilation pattern which maintains 
not only tidal volume but may even be used to hypeiventilate 
e patient The suction causes expansion of the chest wall 
which produces inhalation, while the alternate re-entrance of 
air back into the cage causes the chest to fall, producing ex¬ 
halation A patient lightly anestheteized and totally paialvzed 

efficiency 1117 ^ thUS be ventl ^ted with complete 

There is no limitation to the length of time the operator 
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can woik, and he can pioceed in a leisuiely and thoiough 
mannei, not being humed by discomfoit 01 feai foi the 
condition of the patient A laijngoscope with a Lewy laiyn- 
goscope holdei (see Fig 2) can be lested on the patient’s 
chest wall, thus allowing opeiations on the larynx while the 
opeiatoi has two hands fiee foi maneuveis With succinyl- 



Fig 1 2 Larj ngenl Surged Light anesthesia is maintained b\ insuf¬ 
flating NO + O+Cjclo through a naso-pha^ ngeal tube the tip of which 
lies at the u\ula Parallels is maintained bA intermittent injections of 
succin>Icholine A Lew\ support holds lar\ngoscope which frees surgeon s 
hands Respirator breathes for patient b% creating first a negative then 
a release of pressure around chest wall 


choline the laiynx is at lest in abduction, leaving the fiee 
margins of the vocal coids along with the subglottic legion 
easily visible 

Esophagoscopies aie facilitated and safei on a completely 
lelaxed patient with bettei visibility and less chance of tiau- 
matic perfoiation 

Bayuk 5 was the first to descube the use of a polio chest 
shell foi maintaining lespnatory exchange m cuiarized pa¬ 
tients sub]ected to peroial endoscopy, howevei, the chest 
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shell elevates and depiesses only the antenoi poition of the 
chest wall, and does not pioduce the laige tidal exchange 
possible with the Emeison plastic "laincoat” cage 

BRONCHOSCOPY 

The patient fust dons the plastic laincoat, 01 poncho, and 
aftei placing the steel mesh cage ovei the chest (undei the 
laincoat) the neck and aim stnngs aie tightened to pievent 
leakage of au in 01 out An mtiavenous glucose infusion is 
fust established so that a patent vein will always be available 
to maintain succmylchohne paialysis 

The patient is then lightly anesthetized bv any favonte 
method, then lendeied apneic by succinylcholme and the 
lespnatoi turned on The bionchoscope is then passed into 
the tiachea while oxygen, with anesthetic gases aie continu¬ 
ously admimsteied tluough the side-aim of the mstiument 
It is advisable to pass the bionchoscope quickly, since the ex- 
tieme lelaxation may pioduce obstiuction of the glottis 
because of a lelaxed epiglottis It is sometimes moie efficient 
to pass the bionchoscope thiough a laryngoscope foi this 
leason Adequate exchange pievails tluoughout the state 
of paialysis If the patient leflexly moves additional succmyl- 
chohne is injected 

LARYNGEAL SURGERY AND ESOPHAGOSCOPY 

In laiyngeal suigeiy anesthetic gases must be admimsteied 
by insufflation to maintain unconsciousness, and this is done 
by means of a nasophai yngeal tube, which does not entei 
the tiachea 

Foi laryngoscopy and laiyngeal suigeiy the vocal coids 
aie continuously undei dnect observation since they aie the 
suigical target, and patency of the an way is thus assuied by 
dnect vision 

In esophagoscopy, on the othei hand, airway patency is 
not assuied, and partial obstiuction may exist even though 
the lespiratoi is opeiatmg efficiently In older to assuie 
airway patency duung esophagoscopy a stethoscope should 
be attached to the patient’s neck at the larynx with adhesive, 
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so that \entilation can be continuously, momtoied This is 
essential, since succimlcholme paialvsis pioduces complete 
lelaxation of the tongue, which often falls postenoily to ob- 
stiuct the an\\a\ e\en though the esophagoscope is in place 
In 01 dei to pi event tiacheal collapse fiom the mstiument, 
an endotiacheal tube may be inserted ua the nose pnoi to 
mtioducmg the esophagoscope, and the anesthetic gases de¬ 
in eied thiough this naso-endotiacheal tube 

ANESTHESIA TECHNIQUE 

Patients mav be induced with methituial (Neiaval), hexo- 
baibital (Evipal), 01 thiopental (Pentothal) We prefei 
methituial, since tlieie is less postopeiative mebnation In 
addition, the letum to consciousness occuis much moie lapid- 
lv than with the othei baibituiates 

The induction dose of the thiee diugs m the aveiage adult 
is 

Methituial—10 cc of a 4 pel cent solution 

Hexobaibital—10 cc of a 4 pei cent solution 

Thiopental—8 cc of a 4 pei cent solution 

As soon as the methituial is injected a mask is placed on 
the patient’s face, and a mixtuie of mtious oxide, cvclopio- 
pane and oxygen is admmisteied m a semi-closed system as 
follow s 

Cyclopiopane—700 cc pei minute (117 pei cent) 

Nitrous oxide—2000 cc per minute (29 8 pei cent) 

Oxygen—4000 cc per minute (58 5 pei cent) 

This mixture of gases will pioduce light, plane I anesthesia 
within thiee to five minutes, and no mattei how long it is 
admmisteied a level of anesthesia deepei than plane I will 
be impossible to achieve We have used this exact mixtuie 
m ovei 30,000 patients dui mg the past nine yeais foi every 
type of suigery Details of its admmistiation have been 
descubed fully elsewheie 0 ' 8 

When plane I is established, 20 mg of succmylcholme is 
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injected llnough the intiavenous infusion needle At the 
occunence of lespnatoiy anest the Emeison lespnatoi is 
turned on, md tlie bieathmg bag on the anesthesia machine 
is ohsened so that inflation and deflation occuis with each 
le-'pnaton ocle While still undei succinylcholme paialjsis 
the mask is lemoved fiom the face, and the bionchoscopist 
iiisuts the Inonchoscope quickly To the side-aim tube of 
the bium.hoscope is attached a piece of wide boie lubbei 
tiibing tlnough which is insufflated exactly the same mix- 
imi ol nitious oxide, oxygen and cyclopiopane If the patient 
Umiild leflexly move, 01 if added lelaxation is lequested, an 
iduitional cc of succinylcholme (20 mg ) is injected mteimit- 
'' nth vhenevei necessaiy When the opeiation is ovei, puie 
ox\ mil is insufflated tlnough the bionchoscope foi about tv o 
minutes pi 101 to lemovmg it When the patient’s own lespn- 
ii uy effoits lesume the Emeison lespnatoi is tinned off 

Foi laiyngeal suigeiy the same mixtuie of gases is insuf¬ 
flated thiough a nasophaivngeal tube which is inserted 
tlnough the nose, only to the uvula In esophagoscopv a 
stethoscope should be taped to the neck m the legion of the 
laiynx so that lespnatoiy exchange can be monitoied, m 
the event an endotiacheal tube is not used 

SUMMARY 

A new method of assuimg adequate ventilatoiy exchange 
duimg bionchoscopy, esophagoscopy and laiyngeal suigeiy 
undei light geneial anesthesia, with full cuiaie paialysis, 
has been descubed An Emeison body jacket lamcoat ovei 
a steel mesli cage is employed m conjunction with a special 
vacuum pump lespnatoi to piovide inteimittently expansion 
and compiession of the chest wall, which theiebv assuies 
efficient ventilation 
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and then tieatment, as well as the technique of the various 
piocedures is consideied 
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PROGRAM OF THE SEVENTH INTERNATIONAL 
CONGRESS OF BRONCHOESOPHAGOLOGY 

Meeting Place—Kvoto Umveisity, Ky oto, Japan 

Fuday, September 12th, 1958 

8 00 P M-10 00 PM—Reception (Party) Shimomuia 
House m Kyoto 

Satuiday, Septembei 13th 

8 00 AM—Inauguial Session (in Kyoto Umveisity Hall) 

9 00 AM-12 00 M—Fust Scientific Session 

12 00 M -2 00 P M —Luncheon (Reception The Place not 
decided) 

2 00 P M -6 00 P M —Sightseeing m Kyoto 
8 00 P M —Banquet, Miyako Hotel 

Sunday, Septembei 14th 
8 00 A M -11 30 A M —Second Scientific Session 

11 30 AM-12 00 M—Closing Ceiemony 

12 00 M—Depaituie for sightseeing m Nara 

1 00 PM—Luncheon, Naia Hotel 

2 00 P M -6 00 P M—Sightseeing m Naia 
7 00 PM —Return to Kyoto 



INTRA-AURAL MUSCLE CONTRACTION IN MAN, 
EXAMINED BY MEASURING ACOUSTIC 
IMPEDANCE OF THE EAR 1 

A AGE R MoLLER, 

Stockholm, Sw eden 

INTRODUCTION 

Inasmuch as the mtia-auial muscles appeal to be of some 
importance to the function of the eai, it is desnable to undei- 
stand then behavioi in gieatei detail The conti action takes 
place bilateially when one eai is stimulated bv a stiong tone, 
with a minute, but cleaih measuiable, delay in 1 elation to 
the stimulating tone The latent penod befoie the leaction 
of the muscles is significant, in that the muscles must be le- 
gaided as inactive duiing this latency The majonty of the 
knowledge we have concerning the function of the mtia-auial 
muscles has been obtained fiom animal expel iments, as it 
has been difficult to study the action of the muscles m man 
Usually the stimulus has been applied to one eai, while the 
othei eai has been used foi measuiing the muscle conti action 

A lepoit will be made lieie of an investigation of the con¬ 
ti action of the mtia-auial muscles m man, earned out by 
using measuiement of the acoustic impedance in the external 
auditoiv canal Both the latent penod of a contiaction, shown 
as a change in impedance, and the degiee of the impedance 
change as a function of the intensity of the stimulus will be 
studied 


EARLIER INVESTIGATIONS 

The function of the mtia-auial muscles lias been studied by 
many wnteis The majonty leach the conclusion that a 
muscle contiaction causes a deciease in tiansmission, espe- 
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cially with lowei fiequencies Hallpike and Smith observed 
that a muscle conti action effects a deciease of the cochleai 
potential m cats Wiggers (1937) studied guinea pigs, m 
which spontaneous contractions of the mtia-aural muscles 
occui undei light uiethan anesthesia, and found a diop in the 
cochleai potential at lowei fiequencies when the muscles 
contiacted At 400 c/s a deciease of 20 db was observed, at 
1100 c/s there was no change, and at 1500 c/s an mcrease m 
the tiansnussion took place when the mtia-auial muscles con¬ 
tracted Above 2000 c/s theie was no change Galombos 
(1942) investigated bats and found activitv of the mtra-auial 
muscles at fiequencies up to 55 kc/s Death or anesthesia 
increased the cochleai potential foi a strong signal, and this 
was taken bv the wntei to indicate that the mtia-aural 
muscles affect a i eduction m the transmission, and that the 
cochlear potential, theiefoie, mcieased when the muscles 
relaxed because of death or anesthesia Wevei and Veinon 
(1954) studied the cat, measuimg the cochlear potential and 
finding that the i eduction m tiansnussion was ven slight 
abov e 500 c/s but inci eased below that frequency The write is 
state that the stimulating tone w as only about 2 db abov e the 
contraction threshold They obseived, moieover, that the 
drop m tiansnussion increased when the intensity of the 
stimulus was mci eased When the stimulus was 20 db above 
the conti action threshold, a i eduction of about 20 db w T as 
observed at 300 c/s The stimulus fiequencv was 1000 c/s 
With only tensor tv mpam active (with the stapedius tendon 
seveied) theie was piacticallv no reduction in the tians- 
mission 

Metz observed that a conti action of the mtia-auial muscles 
effects a change m the impedance of the eai He found that 
the tiansnussion 1 eduction can be measuied as a change m 
impedance in the external auditory canal, principally as a 
change m absorption The angle of the reflection co-efficient 
remained almost constant duimg a muscle contraction Us¬ 
ing the same method, Jepsen studied the threshold value foi 
a muscle contraction m 1 elation to the auditory threshold 
In ordei to determine which muscle caused the change m 
absoiption, he examined seven patients with facial nerve 
paialvsis, but was unable to demonstrate anv change m im- 
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pedance accompanying stimulation of the conti alateial eai 
On the othei hand he obseived a noimal impedance change in 
two patients with tngeminal paralysis This he accepted as 
pi oof that the cause of a change in sound absoiption is a con¬ 
ti action of the stapedius muscle and not of the tensoi tym- 
pani Jepsen furthei demonstiated that the thieshold foi 
muscle conti action obseived with help of impedance measuie- 
ment agiees closely with that obtained visually by obsei vance 
of the stapedius tendon through a peifoiation in the tympanic 
membiane 

The vanous eailiei studies of the latent penod foi a 
contiaction of the mtia-auial muscles weie earned out, using 
a vanety of methods which aie leflected m the lesults 
Kobiak (1930) studied labbits and used flute tones as stimuli 
As mdicatois foi muscle contiaction he employed myogiaphs 
attached to the tendons of the muscles He obtained a latency 
of between about 30 and 150 msec foi the contiaction of the 
stapedius, and between about 75 and 150 msec foi the tensoi 
tympanic Loiente de No (1935) studied the contiaction of 
the tensoi tympanic m labbits undei ethei anesthesia He 
used, as did Kobiak, myogiaphs as mdicatois, but employed 
a bettei-defined stimulus m the foim of a tone pioduced by 
a loudspeakei As a lesult he obtained a latency of appioxi- 
mately 20 msec when the stimulus was about 15 db above 
the contiaction thieshold When the stimulus was moie than 
35 db above the contioction thieshold, he obseived a latent 
penod of fiom 12 to 13 msec 

Tsukamoto (1934) examined labbits undei light uiethan 
anesthesia He used change in piessuie in the labyiinthme 
fluid as an mdicatoi of the contiaction of the mtia-auial 
muscles, lecoided with the help of a capillary tube He used 
a flute tone as stimulus With this method he found a mean 
latency of 370 msec 

Perlman and Case (1939) registeied action potentials fiom 
the tendon of the stapedius muscle in man m a contraction of 
the stapedius caused by stimulation with a tone at 1000 c/s 
applied to the contralateial ear The intensity of this tone 
is descubed by the wnteis as “loud” Then lesults obtained 
on a numbei of expenmental subjects gave a mean latency of 
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10 5 msec Boinschem and Kiejci studied labbits, legistei- 
mg action potentials fiom the tensoi tympanic muscle The 
expei imental animals weie undei local anesthesia A click 
was used as stimulus The latent peiiod was found to be 12 
to 13 msec 

Loiente de No and Boinschem and Kiejci obseived that the 
contiaction of the mtia-auial muscles m labbits exlubited 
lhythmic changes (waves) m musculai tension and action 
potential, lespectively The fiequency of these changes was 



Pip 1 Block-scheme of complete equipment 


15 to 20 c/s accoidmg to Loiente de No, and 15 c/s accoidmg 
to Bomschem and Kiejci 

Metz (1951) investigated the latency of contraction in 
the mtia-auial muscles in man by lecoidmg changes m the 
acoustic impedance of the eai, measured by means of a so- 
called Schuster budge He obseived that the latent period 
was dependent upon the intensity of the stimulus A stimu¬ 
lus 80 db above the threshold of hearing gave a latency of 
150 msec, 90 db above gave 50 msec, and 100 db above gave 

In oidei to find a closei relation between the latent peiiod 
a latency of 40 msec 
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and the intensity of the stimulus, as well as the vanation m 
the lesults fiom peison to peison, the piesent investigation, 
using impedance measuiement, was started The lepioduci- 
bility of the measuiements was also investigated 

INSTRUMENTATION 

The equipment used was designed to delivei a stimulating 
tone of known fiequency and intensity and to indicate a 


lJ l 

50 ms 



Fip 2 n Pulse response of the stloetlve nmpllfli r Tin upper curve (1) 
represents n tone-pulse ( 7 S 5 c/s) applied to the Input of the nmpllfler and 
the lower curve (2) represents the output Trout the ampllflei lloth signals 
are rectified and low -p tss filtered with 100 c/s cut-off trequencj 



4 

———i ( ■ ■ 

■ 111 , 1111111111111,1111111111111 

FIR 2-b The wave form of the stimulus pulse (3) Is stimulus 2500 c/s 
rectified and low-pass filtered with 700 c/s cutoff frequence (4) Is stim¬ 
ulus 250 c/s direct recorded 

muscle conti action A muscle conti action was shown by le- 
coidmg changes in the acoustic impedance of the eai The 
acoustic impedance was measuied at a fiequency of 785 c/s 

o Pig 1 shows a block scheme of the equipment used Stimuli are 
produced b\ means of an earphone of Permoflux tvpe FDR 10 The 
signal to the earphone is deliveied bv an oscillatoi with variable fiequencj 
which feeds the eai phone via a gate circuit and an attenuator A signal 
from a monostable multivibrator opens the gate in a manner that pi events 
the occuience of a click The curve form of the tone pulse produced bv 
the gate ciicuit is shown in Fig 2 
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The impedance change is indicated b\ means of a special measuring 
dev ice consisting of a telephone and a microphone both connected to a 
tube -1 mm in diameter 'which is inseited into the auricular canal A 
signal at 7So c/s is fed to the telephone The output voltage of the 
microphone represents the acoustic impedance in the ear measured in 
the external auditor canal The output \oltage is compared -with a 
■variable voltage having the same frequencv When this voltage has the 
same amplitude as the voltage arriving fiom the microphone and op 
poslte phase the reading is 0 When the acoustic impedance changes 
the voltage from the microphone also changes and the resulting reading 


ft ' 



Fig 3 The arrangement of headphone and Impedance measuring unit 
in position on experimental subject 


will no longer be 0 This voltage corresponds to a change in impedance 
which is the result of a muscle contraction The signal is amplified 
rectified and filtered before it is fed into one channel of the recorder 
In addition the signal to the earphone is amplified In the same manner 
as the signal that indicates a muscle contraction and is thereafter fed 
to the other channel of the recorder The latencj is then evident as the 
time difference between these two signals The prerequisite for this is 
that the apparatus be corrected for possible variations in the location of 
the loops in the recorder and for delav in the selective amplifier ampli 
f'ing the Bignal Indicating a muscle contraction The delay in the two 
low pass filters used to filter the rectified signal has no significance as 
the filters are the same in the two channels Fig 2 shows the curve form 
of an interrupted signal at 7S5 c/s, before and after amplification in 
the selective amplifier recorded after rectification and filtration with 
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100 c/s low pass filteis in both channels (1) and (2) The curve form of a 
stimulus Impulse is shown concurrentlv (3) The pulse shown is a 
rectified signal at 2500 c/s filteied onlv bv the low pass filtering action of 
the lecoidei This means that the signal is distorted \er\ little bv the 
filters Below this a stimulus signal at 250 c/s is leproduced directlv (-1) 
The recordei used (Mingogiaf) is a two channel writing recorder In 
which a fine ink jet traces a curve on ordinal\ adding machine papei 
The frequencv lange of the lecorder runs from direct cuirent to 700 c/s 
The paper feed rate used was 20 cm/sec in latencv measurements and 
5 cm/sec in legistration of waves In the muscle contraction The im 
pedance measurement appaiatus gives a sound pressuie of about 75 db 
le 0 0002 dvne/cm= This is measured with subjective comparison 

b The same equipment was used in measurement of absorption as a 
function of the stimulus intensitv, except that the output of the micro 
phone was measured directlv in amplitude relation and phase relation 
to the voltage applied to the telephone The voltage (E) from the micro¬ 
phone is in the following lelation to the acoustic impedance Z 


Zm “k E 


Zm= 


Z Zi 


Z + Zi 


7 _ Zm Z i 
Zi-Zm ' 


and by using admittances 

Ym=_L_=J_ , 

Zm kE 

Y-Ym-Yi, (Yi=J_ a nd Y-l.), 


The eneigy absoiption a and the angle of leflection co- 
effecient R aie determined fiom 
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where Z is the impedance of the ear and Z is the internal impedance of 
the microphone-telephone unit The impedance of the ear is measured 
in the plane of the microphone The absorption is most easilv deter 
mined with the help of a bipolar chait in which both impedance and 
admittance maj be used The use of admittances is adiantageous be 
cause when admittances rather than impedances are used, the onl\ effect 
of the internal impedance of the microphone-telephone unit is to shift 
the axes In order to obtain the impedance of the ear in the plane of 
the tvmpanic membrane it is necessarv onl\ to subtract the number of 
degrees corresponding to the length of the tube from the microphone to 
the membrane The absorption in this bit of tube is so slight that it 
nm be disregarded 



Tim* to dtoataa 

Fit. t The \arIation In latent time for a series of 10 measurements 
made one e\er\ 30 seconds 


MEASUREMENT OF THE LATENT PERIOD 

Eight peisons, tanging in age fiom 18 to 32 yeais, and all 
with normal heating, weie examined The experimental sub¬ 
ject was seated m a chan in a sound-insulated toom The 
stimulus was applied as a lule, to the tight eat, and the im¬ 
pedance measuimg unit was connected to the left eat Fig 
3 shows the anangement The tube fiom the impedance 
measuimg device was introduced into the eai Vaseline was 
used to msuie an airtight connection between the tube and 
the aunculai canal In measui ements of the latent penod a 
stimulus about 125 msec m duiation was applied every 30 
seconds At least ten measui ements weie made at each in¬ 
tensity It has been demonstiated that the latent penod is 
not constant In a seiies such as the one studied heie, wide 
vanations may be obtained (see Fig 4) It was for tins 
reason that seveial measui ements weie made at each m- 
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Pig 5 The relationship between latent-time and 
different persons Stimulus 1600 c/s broken line 
line 


stimulus intensity for 
Stimulus 600 c/s solid 


tensity rathei than only one foi each stimulus intensity The 
latency has been defined as the mean value fiom a senes of 
at least ten measurements Immediately aftei, the next senes 
of measuiements was started, with the lowest intensity fast, 
succeeded by increasingly highei intensities This pioeeduie 
was followed to avoid adaptation The stimulus fiequencies 
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used weie 500 and 1500 c/s The test tone used foi im¬ 
pedance measuiement was not inteilupted between measuie- 
ments 

Fig 5 shows the relation between the intensity of the 
stimulus and the latent period and the leproducibihty of such 
measuiements The diffeient curves were lecorded at intei - 
vals of several days It is evident that theie is gieat varia¬ 
tion fiom pei son to peison The latency decreases as the 
stimulus mci eases at the same time that the lepioductmty 



Fig G The relationship between latent-time and stimulus intensity for 
two rabbits (.there Is no reference here between the cited lntensit\ and 
0 0002 d\ ne/cm") 


of the measurements fiom day to day has a tendency to im¬ 
prove. The maximum and minimum latent time obtained was 
130 and 25 msec It appeals that 1500 c/s stimuli gave a 
shortei latent penod than 500 c/s The intensity shown is le 
0 0002 dyne/cm 2 , measuied m a 6 cc couplei, with the excep¬ 
tion of the lowei curve on the light (see Fig 5), wheie an at¬ 
tempt has been made to give the intensity lelative to the 
threshold of muscle contiaction This is rather unieliable, 
howevei, as the thieshold value does not seem to be well 
defined, le, the thieshold is much highei befoie a contrac¬ 
tion than shortly after The thieshold discussed lieie was 
measuied aftei a conti action caused by a tone somewhat 
highei than the threshold value 

In measuiements on rabbits the same technique was used 
as that employed m the measurements on human subjects. 
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except that a tube was mounted on the telephone to cai 1 y the 
sound down into the labbit’s eai Moieovei, 2000 c/s was 
used as stimulus fiequency (see Fig 6) The tube on the 
impedance measuimg unit was also longei The labbits 
weie placed on a table and held m a cloth bag An assistant 
held the telephone and impedance measui mg unit in position 
The labbits weie not anesthetized The stated intensity of 
the stimulus was not le 0 0002 dyne/cnF m the measuiements 
on labbits because of the tube mounted on the telephone 



SE atlmulua 1500 c/m 
115 <i) rlfht ear 


AW it Lena la ■ 1500 c/m 
115 db rlfht ear 


Motet* rantrtcilor Motclt coottMtloo 
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HI atlmata* 1500 c/m 
105 db rijht ear 


AM aMmulaa 1500 c/m 
12o db rlxht ear 


Maacle contraction 




Woflcla contraction 




Fig 7 Examples of recorded muscle contractions 


Fig 7 shows examples of the muscle conti actions pioduced 
by the different intensities and m diffeient peisons The 
upper curve shows the stimulus and the lowei cuive shows 
the rectified signal that lesults fiom a muscle conti action 
The deflection shown need not be m any definite i elation to 
the degiee of muscle conti action This is because the leg- 
lstered signal occurs as the diffeience between the adjustable 
voltage and the output voltage of the microphone Theie is 
no simple relation between the output voltage of the micio- 
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phone and the impedance 01 absoiption of the eai All that 
can be said is that when the miciophone \oltage changes it is 
due to a change m the impedance of the eai, and that may be 
due to a muscle conti action It is not entuely impossible 
that a muscle contiaction mav take place -without a change in 
impedance Whethei 01 not such a muscle contiaction without 
a change m the impedance may be of any significance foi 
sound tiansmission in the eai is uncertain 



AM fUmufoi 500 c/« 125 db rl*M «»r 


J L 

BE itlnoloJ 500 c/s 115 <ft> right eir 


r-~- 


Muscle contraction left rir 


Muscle contraction left ttr 
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AM stimulus 500 c/s 120 db rlgtt esr 


Moscle contraction left ear 


SE stimulus 500 c/s 115 cfc left ear 

— r Muscle contraction right ear 
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200 ms 

RL stimulus 500 c/s 125 db rich! ear 


/ 


Muscle contraction left ear 


8E stimulus 1500 e/s 115 <X) right ear 


\ 


Muscle contraction left ear 


Fig 8 Examples of recorded muscle contractions with waves in the 
beginning of the contraction 


Lorente de No has demonstrated in experiments on labbits 
that waves occui with constant fiequency m the muscle ten¬ 
sion when the tensoi tympanic contracts A similai phenome¬ 
non was obseived m thiee of the expenmental subjects m this 
study, and was most pronounced in SE The waves weie not 
appaient m stimulation with 1500 c/s, but weie a constant 
phenomenon with stimuli at 500 c/s m these tlnee peisons 
Fig 8 shows examples of such waves The fiequency was 
lelatively constant and was about 7 c/s (Loiente de No ob- 
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served 15 and 20 c/s m labbits ) The measuiements m this 
case were earned out accoidmg to the same pimciples as the 
latent penod measurements The mean values of the ten 
measuiements weie 

SE stimulus—110 db 500 c/s light eai 6 4 c/s 
SE stimulus—110 db 500 c/s left eai 6 6 c/s 
SE stimulus—105 db 500 c/s left eai 6 9 c/s 
AM stimulus—120 db 500 c/s light eai 7 4 c/s 
AM stimulus—120 db 500 c/s left eai 7 5 c/s 
IM stimulus—110 db 500 c/s light eai 6 8 c/s 



MUrohi la <& ibor* 0 0001 dyst/ea* 



lllrrwtaj lo <ft *bort 0 0003 &r**/ctn i UltaiH* U db 0 0002 dy**/cm 


Fig - 9 The relationship* between stimulus Intensity and sound absorp¬ 
tion in the ear The broken lines are for stimulus 1500 c/s and the solid 
lines are for stimulus 500 c/s The points on the \-axis which are con¬ 
nected with dotted lines to the cun es indicate absorption without stimulus 


Measuiements on diffeient days show that the lepioduc- 
tivity was extremely good 

The expeiimental subjects lemaiked spontaneously that the 
stimulus tone was not constant in amplitude at the beginning 
of the stimulation when 500 c/s was used They heaid a dis¬ 
tinct change m amplitude on the occasions when waves weie 
legisteied m the impedance change The peisons who did not 
exhibit these waves could not heai vanations m the amplitude, 
not even when they had been instructed to listen foi them 
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Fig 9 shows the sound absoiption as a function of the inten¬ 
sity of the stimulus foi thiee diffeient peisons, measured m 
the external auditoiy canal with a measunng fiequencv of 785 
c/s The diffeient cuives come fiom measuiements on dif¬ 
feient days The fust is the lowest stimulus intensity used, 
followed by the next lowest and so on The impedance 
changes m a muscle conti action appeal to be a change m 
absoiption without a change in the angle of the leflection 
co-efficient The measuiements show that a muscle conti ac¬ 
tion causes a deciease m the sound absoiption, which takes 
place giadually as the stimulus increases 

SUMMARY 

The latent time foi the conti action of the mtia-auial mus¬ 
cles is measured in eight peisons with normal healing The 
muscle conti action is demonstiated with impedance measuie- 
ment The latent time is defined as the mean of at least ten 
successive measuiements at 30-second intervals A wnde 
vanation in the lesults w r as obtained with lespect to measuie¬ 
ments, both on diffeient persons and on the same peison, 
with intervals of seveial days between measuiements Foi 
companson, similai measuiements weie earned out on two 
rabbits A phenomenon worthy of note was the observance 
of waves in the muscle conti action in thiee of the expen- 
mental subjects duung stimulation at 500 c/s The i elation 
between the stimulus intensity and the sound absoiption is 
investigated m tinee experimental subjects These studies 
demonstiate that the muscle conti action causes a deciease 
in the sound absorption without a change occumng m the 
angle of the leflection co-efficient and that the deciease m 
absoiption occuis giadually as the intensity of the stimulus 
mci eases 
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A CASE OF UNUSUAL CONGENITAL FISTULA 
OF THE AURICLE 


John Keohane M B , 

Stettler, Alta, Canada 

The detailed and infoimatne aiticle (Skokan) on the entue 
subject of congenital aunculai fistulae in The Laryngoscope 
of Septembei, 1957, bungs to my mind an unusual case I 
lecently tieated 

My patient, a female, aged 31, had a lnstoiv dating back 
many veais She had several opeiations some meie in¬ 
cisions with diamage of 1 eminent infected c\sts, otheis, 
moie detei mined attempts to lnadicate hei annoying and 
painful complaint 

She lias not quite suie vliethei hei tiouble fust staited in 
the concha 01 post aunculai region When I first saw hei 
she had a sinus that extended fiom the post auncular 
legion to the junction of the concha and the flooi of the ex¬ 
ternal auditory canal She informed me that it dischaiged 
thick pus continually, and Mas liable to 1 eminent attacks of 
acute inflammation mth consideiable pain, discomfort, etc 
Gentle piessuie M r ith the fmgei-tip ovei the concha caused pus 
to piesent both antenoilv and postenoily This also caused 
acute pam, and the ai ea m hei e the sinus opened in the concha 
M r as very tendei indeed This, to my mind, indicated in¬ 
volvement of the peiicliondnum and cartilage of the concha, 
furtheimoie, the conchal sinus Mas sunounded by an aiea 
of neciotic looking skin about 1 cm m diametei, and the 
post aunculai aiea was also quite unhealthy looking and 
seal led fiom lepeated suigery 

The pioblem was to cuie the disease and pieseive the ap¬ 
pearance of the auricle as much as possible I thought of 
injecting the sinus with radio-opaque oil, but saw little point 
m it 


Editors ’Note This manuscript recei\ed in The L.arvng’oscope Office and 
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M0LLER INTRA-AURAL MUSCLE CONTRACTION 
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AMERICAN BOARD OF OTOLARYNGOLOGY 

The Amencan Boaid of Otolaiyngology will conduct only 
one examination m 1958, and tins will be Octobei 6-9, 1958, 
m Chicago, Illinois, at the Palmei House 

Foi fuithei mfoimation addiess Di Dean M Lieile, 
Secy-Tieas, Univeisity Hospital, Iowa City, Iowa 



THE ABSORPTION OF TOPICALLY APPLIED 
TETRACAINE AND COCAINE *■ 

John Adriani, M D , 
and 

Donovan Campbell, M D , 

New Oileans, La 

LOCAL ANESTHETICS 

Local anesthetics lank high in the list of diugs which cause 
unnecessary deaths Those who consistently use local an¬ 
esthetics aie familial with then hazaids, occasional useis 
aie often less veised in then phaimacology, toxicology and 
technique of use and usually experience the majority of dif¬ 
ficulties 1 The piotocols of mishaps indicate that reactions 
and fatalities aie most fiequent aftei topical application The 
otolaryngologists, m our expenence, piesumablj because they 
use these diugs continuously and have lespect foi then 
potency, appeal to encountei fewei difficulties 

The pioblem of leactions following the topical use of local 
anesthetics was of such concern that, m 1924, a commission 
w r as delegated by the Amencan Medical Association to leview 
the status of the then available diugs and make lecommenda- 
tions concerning dosage and technique of usage 2 Although 
the situation has impioved slowly since submission of then 
leport, pieventable deaths aie still fiequent Seevers 3 has 
commented that nioie people die fiom local anesthetics than 
from any othei gioup of drugs Pei haps the pioblem is 
ignoied, because the deaths occui spoiadically, in many aieas 
m the hands of many users 

Conflicting statements appear m the medical liteiature 
concerning absorption of local anesthetic drugs aftei topical 
application Neaily everyone assumes that they aie lapidly 
absoibed into the blood stream and that the high blood level 

•From the Department of Anesthesia, Charlt-% Hospital and the Depart¬ 
ment of Surgery Louisiana State TJniversitj New Orleans La 
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KEOHANE FISTULA OF AURICLE 


Aftei consideiable thought it was decided to attempt a 
ladical lemoval of the diseased tissue with subsequent skin 
giaftmg of the defects A plan was devised to pieseive the 
appealance of the auiicle at opeiation 

Undei geneial anesthesia a moie 01 less cnculai incision 
was made suiiounding the diseased conchal skm The lateial 
part of this incision was earned lateially tlnough the mcisuia 
mtertiagica, then caudally and postenorly, and finally m a 
cnculai mannei to suiiound the diseased post aunculai 
legion This aiea was about 2 cm in diametei I might add 
that befoie the incision was made the postenoi sinus was 
injected with Methylene Blue and the dye piesented in the 
conchal sinus The incision was deepened to expose the en¬ 
tile sinus tiact The supeio-medial pait of the sinus was 
suiiounded by neciotic cartilage, and the cnculai incision 
was deepened to excise this cartilage The entile tiact was 
then excised with the attached uppei and lowei diseased 
skm and cartilage The exact location of the posteio-mfenoi 
end of the sinus was medial to the lobule ovei the lowei part 
of the lateial suiface of the mastoid piocess The dye was a 
veiy useful guide to the depth and location of the sinus The 
bas6 of the wound was then cuietted thoioughly 

The aiea was lepaned as follows 

A split-thickness skm giaft was cut fiom the medial aspect 
of the left thigh and used to lepan the conchal and post 
aunculai defect The incision tlnough the mcisuia intei - 
tiagica and the attachment of the lobule to the skm of the 
face was then sutuied The conchal giaft was made to fill 
its uneven bed ivith one-half inch vaseline gauze The pos- 
tenoi area was diessed with non-stickmg “Telfa” The entne 
aiea was left untouched foi two weeks, and lemoval of the 
diessmgs showed that the giafts had taken very well indeed 

I have kept the patient undei observation foi seveial 
months, she has an excellent cosmetic lesult with no lecui- 
lence of any infection, and the giafts have suivived excep¬ 
tionally well Hei auiicle looks noimal and its configuiation 
was not changed m any way by the opeiation This is, of 
couise, important, especially m a female patient 
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ably 1cm ei than those obtained aftei a single application 
Identical blood levels weie obtained if the total weight applied 
to a given area lemamed constant, even though the concentra¬ 
tion was vaned fiom 2 to 4 pei cent This is extiemely 
important, because it indicates that the blood le\el is moie 
dependent upon total dosage than concentration The blood 
level vias not detectable when 6 mgm per kilogiam of tetra¬ 
caine in the form of a 0 1 pei cent solution was mfiltiated 
subcutaneoush ovei an aiea of the abdomen 3 x 4 cm The 
slow mtiavenous infusion of 6 mgm pei kilogiam ( 001 pei 
cent solution) ovei a 20 minute period, likewise, caused no 
detectable quantity m the blood aftei the injection was com¬ 
plete 

When the fiee base was piecipitated and applied to the 
mucous membianes, the blood level euives weie identical to 
those obtained when compaiable weights of the base m aque¬ 
ous solutions of the hydrochloride weie used Absoiption of 
the hydrochlonde, mcorpoiated in a watei soluble cream 
base, applied to mucous membranes was piompt and lapid 
and occuned with ease These data indicate that the topical 
application of a given dose of a local anesthetic results in 
blood levels similai to those obtained after lapid mtiavenous 
injection The epithelial suifaces of the pharynx, trachea, 
alveoli and posteiioi uiethia piovide excellent absoibmg sui- 
faces Diugs aie leadily absoibed fiom the pulmonary alveoli 
because the osmotic piessuie lelationships m the pulmonary 
vasculai bed aie designed to pi event collection of fluid m the 
sacs Volunteeis inhaling nebulized 4 per cent cocaine hydio- 
chlonde immediately experienced the stimulation chaiacter- 
istic of this diug and felt no appieciable numbness m the 
uppei lespnatory passages 

Similai studies weie earned out using cocaine The data 
closely follow the pattern of absoiption obtained with tetia- 
came The statement is heaid that 10 pei cent cocaine is 
less toxic than more dilute solutions, such as the 4 oi 5 per 
cent, because the vasoconstnctoi effect is moie intense with 
the moie concentrated solution and absorption is letarded 
In oi dei to determine whethei or not this leasonmg is cor¬ 
rect, benzocame crystals weie mcoiporated m a 10 pei cent 
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is the dnect cause Still, blood level studies to substantiate 
this assumption aie not available Eggleston and Hatchei 1 
indicated the lole of lapid absorption in causing leactions 
but leported no blood levels Seeveis and his co-woikeis, j 
studying the metabolism of cocaine, injected the diug sub¬ 
cutaneously, mtiavenously and into the stomach, but did not 
study absoiption fiom the phaiynx, tiachea, bionchi and 
othei mucous surfaces wheie it is used most often clinically 

We felt that blood level studies might piovide a clue to the 
cause of the high leaction late and undertook such a study 
Foi obvious leasons, the study was done m the laboiatory on 
dogs Blood levels weie detei mined aftei the application of 
tetiacame and cocaine, the two most seiviceable and widely 
used diugs, to the mucous suifaces of the phaiynx, tiachea 
and bionchi These blood levels weie compaied with those 
obtained after lapid mtiavenous injection, subcutaneous m- 
filtiation and slow mtiavenous infusion The lapid intra¬ 
venous injection of 6 mgm pei kilogiam of tetiacame gave 
levels avei aging 100 mgm pei ml within one to two minutes 
The same quantity spread ovei the pynform fossae oi in¬ 
stilled into the tiachea lesulted m peak levels of 30 mgm pei 
ml The peak was attained within foui to six minutes The 
peak blood level was not so high, noi was it attained as 
abiuptly, as that noted aftei lapid mtiavenous injection, but 
was fai greatei as compaied to blood levels lesultmg fiom in¬ 
filtration Theie is some difference between the cuives ob¬ 
tained aftei the pharyngeal and mtiatiacheal instillations, 
howevei, it is not lemarkable, and the peak levels of both 
curves fai exceed those aftei subcutaneous injection oi slow 
mfusion Epmephime added to 2 pei cent tetracaine did not 
letaid absoiption significantly The blood levels did not 
diffei lemaikably fiom those obtained without the use of 
epinephrine 

In one set of experiments the total dose was doubled and 
applied m fractions at equal intervals of one minute ovei an 
eight to ten minute period The blood level giadually attained 
a peak of 20 mgm per ml aftei ten minutes The application 
of the drug m fractions resulted, as one would expect, m a 
giadual rise in blood levels The blood levels weie considei- 



ADRIANI &. CAMPBELL TETRACAINE AND COCAINE 


69 


Tetracaine is ten times moie potent than procaine on the 
milligram foi milligiam basis, thus one mgm of tetiacame 
should pioduce the same degiee of blockade as 10 mgm of 
procaine On theoietical grounds, one would use 1/10 as 
much Oidinanlv one giam of piocame is the mavimuin 
quantity lecommended for mfiltiation m an adult On such 
a basis, it would follow that 100 mgm of tetracaine would 
be the maximum used foi mfiltiation In topical anesthesia, 
howevei, this does not apply necessanly because the absoip- 
tion aftei topical application to the mucous membianes is 
fai more rapid than after subcutaneous injection The total 
quantity, theiefore, should be much less than that suggested 
foi mfiltiation, how much less is difficult to say 

Carabelli has attained adequate anesthesia using a 0 25 pel 
cent solution of tetiacame He suggests 20 mgm as the limit 
to be applied in fi actional doses Rubm and Culley® suggest 
50 mgm as the limit to be applied m fi actions ovei a penod 
of 15 oi 20 minutes Weisel and Tanow" using quantities 
not exceeding 40 mgm m 1000 endoscopy pioceduies noted 19 
leactions Seven of these weie convulsive, the lemamdei 
veie classified as mild circulatory In the senes of fatalities 
leported by the writeis, 1 doses as high as 180 to 200 mgm 
had been used m some cases Obviously, these doses weie 
excessive and piesumably accounted foi the difficulties Co¬ 
caine is appioximately five times moie toxic than piocame, 
thus, on theoietical giounds, the maximum amount of co¬ 
caine, at any one sitting, should not exceed 200 mgm The 
question as to the maximum amount of tetiacame oi cocaine 
to be used topically is not easily answeied These data on 
absoiption seem to indicate that the dictum "use the least 
amount of the most dilute solution to obtain effective an¬ 
esthesia as possible” should be adopted 

Theie is a latent oi lag penod fiom the moment a diug is 
applied to a neive fibei until the full effect is established 
This is especially tiue when topical anesthetics, such as co¬ 
caine and tetiacame aie being employed As many as five, 
and often as long as ten minutes may elapse befoie full 
anesthesia is obtained Clinicians aie eithei unawaie of tins 
latent penod, oi become impatient and tend to ignoie it and 
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and a 4 pei cent aqueous solution of cocaine and applied to 
the pynfoim fossae Should cocaine pioduce a vasoconstuc- 
tion it should letaid the absoiption of benzocame Blood 
levels m each case veie identical to those obtained when 
benzocame was suspended m distilled watei When benzo- 
caine crystals suspended m watei weie applied to the phaiynx 
aftei fust spiaying with 05 noiepmephnne to the point of 
blanching, blood levels avei aging 80 mgm pel ml weie 
obtained aftei five to nine minute mteivals with a giadual 
decline to the zeio level aftei 20 minutes Although these 
blood levels aie somewhat lowei than those of the conti ol, 
and the peak is attained aftei a longei time Intel val, the 
diffeience is not so gieat that it is lemaikable 

It appeals that neithei the vasoconstuctoi effect of noi- 
epmephnne oi of cocaine is sufficient to suppiess appieci- 
ably the absoiption of benzocame fiom the mucous mem- 
bianes Aftei the application of 100 mgm of cocaine as a 
4 pei cent solution to the pynfoim fossae the blood level lose 
to 8-12 mgm pei ml within 4 to 6 minutes and giadually 
leceded to undetectable levels within a penod of 15 minutes 
The same weight of cocaine as a 10 pei cent aqueous solution 
applied to the pynform fossae gave cuives neaily identical 
in contoui to those of 4 pei cent cocaine The peak was at¬ 
tained within six to eight minutes, and the maximum value 
was 10 mgm With 4 pei cent the maximum use was within 
foui to six minutes and lose to 8 to 12 mgm , thus, even 
though some cocaine causes vasoconstnction this effect is 
insufficient to letard absoiption significantly When cocaine 
was combined with epinephrine neaily identical absoiption 
curves weie obtained These weie not lemaikably diffeient 
fiom those obtained with 4 pei cent alone 

Dibucame and tetiacame aie the most potent and most 
toxic of the local anesthetics which possess suitable topical 
actions Procaine, the least toxic local anesthetic diug m 
current use, is devoid of topical action Fiom the standpoint 
of effective topical anesthesia, one must concede that tetia- 
came is the most sei viceable, howevei, one wondei s whether 
he is justified in using it because of its toxicity The term 
potency applied to a topical anesthetic is not easily defined 
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ly chaiactenstic of a diug occuis Idiosynciasy is laie Re¬ 
actions charactenzed by hjpotension, convulsions, excitement, 
coma, lespiratorv failuie, etc, aie not due to idiosynciasv 
These aie sjmptoms oidmanly anticipated from oveidosage 
idiosvnciasj is often confused with mtoleiance Intoleiance 
is a quantitative lesponse Wien a leaction is due to mtolei- 
ance the usual lesponse expected of the diug occuis, but with 
a quantity fai less than the usual theiapeutic dose Intolei¬ 
ance also is uncommon but occuis moie fiequently than alleigy 
01 ldiosinciasj It may be encounteied in aged, pool usk 
subjects who aie unable to metabolize the diug at the usual 
rate 

The tendency to implicate alleigj as the cause of leactions 
is all too pievalent Many diugs, local anesthetics included, 
combine with piotem and become antigenic. Theie is a le- 
markable diffeience between symptoms caused by ovei dosage 
and by an allergic lesponse When the lesponse is an alleigic 
one, eczema, uiticana, laryngeal edema 01 bionchospasm de¬ 
velop These symptoms, particulaily those manifested b\ 
cutaneous lesions, lequue some time to develop Seveial 
houis may elapse befoie they appeal, and they peisist foi 
several dajs An alleigic lesponse implies that there has 
been previous contact with the diug, which invaiiably is the 
case Such sensitivity may be detected by the use of patch 
tests 01 laismg mtiadermal wheals It is possible foi a 
fatal leaction to be anaphylactoid, but this is laie indeed 
A minute amount of a diug applied topically mtiacutaneous- 
ly, or by any othei loute, piomptly causes syncope and death 
The quantity oidmarily used foi laismg a skin wheal oi foi 
performing a conjunctival sac test may cause death Intia- 
cutaneous or conjunctival tests aie of questionable value 
They may detect the occasional patient who lias become sen¬ 
sitized and is tiuly alleigic, but they are no value m detecting 
mtoleiance, likewise they are of no value in determining who 
may develop an anaphylactic response The quantity used 
to perform the test would be lethal to a tiuly sensitive subject 

SUMMARY 

Fatalities and untowaid leactions occui more frequently 
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commence suigical manipulations befoie anesthesia is fully 
established The anesthesia is usually inadequate and a 
second application is often made befoie the fust has had an 
opportunity to exert its effect It can be seen how such a 
piactice could lead to ovei dosage As a mle the longei last¬ 
ing diugs manifest a longei latent penod 

Most physicians aie geneially awaie of the effects of ovei 
concentiation of local anesthetics on the cential neivous 
system Local anesthetics depiess caidiac tissues, the myo- 
caidium may be so depiessed that asystole lesults This 
depiessant effect of local anesthetics has been utilized to 
deciease piophylacticallv caidiac in liability and obviate ai- 
lhythmias dui mg thoiaeic suigeiy Local anesthetics also 
cause -vasodilatation Seveie degiees of hypotension maj 
lesult when myocaidial depiession and vasodilatation occui 
simultaneously Theie is no leason to assume that both the 
cuculatoiv and neivous systems cannot be involved simultane¬ 
ous! y, paiticulaily when ovei whelming doses aie used, in 
fact, this appeals to occui m leactions fiom tetiacame 

Should a senous leaction occui, one is faced with two 
emeigency situations, lespnatory failuie and asystole if 
caidiac anest is suspected immediate opening of the tlioiax 
and caidiac massage is indicated, if the heart has not stopped 
but the blood piessuie is unobtainable, vasopiessois, such as 
ephedune, phenylephime (neosynephnne) 01 methoxarmne 
(vasoxyl) 01 similai diugs should be admmisteied mtiaven- 
ously Aitificial lespnation must be instituted immediately 
and maintained thioughout the penod of apnea 01 inadequate 
ventilation Obviously one should not undertake the admmis- 
tiation of local anesthetics m situations m which it is not 
possible to institute lesuscitative measuies immediately In 
othei woids, one should have available appaiatus foi pei- 
foimmg artificial respnation 

Most leactions aie due to overdosage Certain leactions, 
howevei, cannot be ascribed to ovei dosage, and aie due to 
other causes Most clinicians classify reactions as due to 
ldiosynciasy In idiosyncrasy the usual theiapeutic dose of 
diug gives a qualitative deviation fiom the anticipated phai- 
macological response, m other woi ds a 1 esponse not 01 dmari- 



A TECHNICAL AID IN ADENOIDECTOMY <■ 


G OBREGON, M D , 
Iowa Citj, la 


A gieat deal has been wiitten in 1 elation to the suigical 
technique of the adenoidectomy, and it is geneially agieed 
that dnect visualization of the nasophaiynx is highly de¬ 
sirable i ;3< '°" sP10 

Adenoidectomj on one hand has been gieatly facilitated 
with the development and v ide acceptance of the self- 
letaimng type of mouth gags and the use of the head-low 
position The suigeon does not lequne assistants, and as- 
pnation pneumonia has been 1 educed to a minimum On 
the othei hand the use of the self-i etammg mouth gag and 
the head-low position have conti lbuted to a pooiei exposuie 
of the nasopharynx, often lesultmg in incomplete adenoidec¬ 
tomy 

Seveial authois 1 ' have advocated the sitting position m 
piefeience to the head-low T position foi the peiformance of 
adenoidectomv The entrance of blood into the tiacheo- 
bionchial tiee m this position is pi evented by an endotiacheal 
tube with an inflated cuff The soft palate is displaced with 
the use of one of the diffeient types of palate leti actors 
available Two assistants aie lequned one to move the 
head of the patient into diffeient positions, and the othei to 
keep the opeiative field clean by the use of suction 1 

The dangeis mheient in the sitting position undei geneial 
anesthesia, we believe, have been minimized by its advocates 
when they state' that the only advantage of the head-low 
position is the pievention of the entiance of blood into the 
tiachea In other suigical fields m which the sitting position 
is fiequently used, numeious devices have been introduced to 
pi event orthostatic hypotension 

•Department of Otolarv neology and Maxillofacial Surffen Unl-\ ersitj 
Hospitals Iowa CIt' la. 
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when local anesthetics aie applied topically than when in¬ 
jected It has been assumed that lapid absoiption is the 
cause, but dnect evidence m support of this contention is 
scaice The wnteis have determined the blood levels of 
tetiacame and cocaine, in dogs, aftei the 1 topical application 
m the pyufoim fossae, 2 tiachea and bioncln, 8 aftei the 
lapid mtiavenous injection, 4 aftei the slow mtiavenous 
infusion, and 5 aftei mfiltiation into subcutaneous tissues 

The quantity of diug which lesults m no detectable blood 
level when mfiltiated subcutaneously gives levels, when ap¬ 
plied topically, equal to one-thnd to one-half of those noted 
aftei lapid mtiavenous injection Epinephnne did not letaid 
the absoiption of eithei diug Foui pei cent cocaine and 10 
pei cent cocaine gave similai blood levels The basic foim 
was as lapidly absoibed as the solution of the salt 

The absoiption fiom mucous membianes is fai moie lapid 
than clinicians have lealized and closely simulates slow mtia- 
venous injection 
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It is well-known that passive tilt to the sitting position 
can be followed by hypotension even in noimal subjects If 
the compensatoiy leflexes aie impaiied by the commonly 
used pie-anesthetic medications the postmal hypotension is 
gieatly mcieased 12 The hypotension may be followed by 
ceiebio-vasculai accidents We believe that this technique 
has definite advantages, but should not be used loutinelv 
because of the mheient dangeis In cases of secondaiy 
adenoidectomies w hen theie is a gieat deal of tension of the 
sott palate as a lesult of scan mg, the elect position ma\ be 
the pioceduie of choice and the onlj wav in which a complete 
adenoidectomy can be peifoimed 

If an adenoidectomy is to be peifoimed undei dnect visuali¬ 
sation the self-i etaming type of mouth gags should not bo 
emploied since they pi oduce tension of the soft palate Tins 
makes exposuie of the nasophaivnx extiemelv difficult, and 
undei these cncumstances if the opeiatoi uses a palate ie 
tiactoi, laceiations of the soft palate will fiequently occui 

In oui pnmaiy adenotonsillectomy w r e loutinely use a 
self-i etaming mouth gag and the head-low position A No 
4 laiyngeal minoi (see Fig 1) that has been pieviously 
immeised m a glass containing waim saline is placed m the 
oiophaiynx of the patient foi mdnect visualization of the 
nasophai ynx 

Foi the lemoval of lymphoid tissue fiom the nasophaiynx 
vanous mstiuments can be used accoidmg to the needs of the 
individual case We piefei the Barnhill and Jones cuiettes, 11 
the cutting edges of which should be kept shaip at all times 
The Meltzei punch foi ceps aie especially useful foi the le¬ 
moval of smallei collections of lymphoid tissue m the fossae 
of Rosenmuellei The shanks of these mstiuments help m 
the leti action of the soft palate With one hand the laiyn- 
geal mil 101 is manipulated and with the othei the cutting 
msti ument 

The mam mass of midline adenoid tissue is lemoved with 
the first two oi thiee stiokes of the cuiettes The naso¬ 
phai ynx is kept fiee of blood with the Yankauei suction tube 
If bleeding interferes with furthei woik m the nasopharynx 
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by direct method - Because of the m\ erted image obtained 
the surgeon tends at fust to make motions m leveise, but 
after the first few cases this initial difficulty is easily ovei- 
come 

Caution should be taken when removing lymphoid tissue 
fiom the fossae of Rosenmuellei with a cuiette 01 shaip 
dissection The mucosa of the medial side of the Eustachian 
tube should be left undisturbed otherwise adhesions will 
result from the healing of two opposite law areas 1 ' (see Figs 
3a and 3b) 



of the instrument is placed verticals avoiding- the Eustachian tube 

Fig 3b The curette is improperl\ placed If it is placed obliquelv 
the posterior aspect of the Eustachian tube ma\ be lacerated 


A leview of the literatuie showed that one autlioi 13 had 
descubed the technique we have advocated A lecent publi¬ 
cation 14 also outlines a similar procedure The wiitei empha¬ 
sizes the removal of the highest portion of the adenoids 
located immediately postenoi to the choanae with a Takahaski 
forceps introduced through the nose and visualized with the 
laryngeal mirror placed m the oiopharynx We have also 
piacticed this proceduie on several occasions, with satisfactory 
results 
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a post nasal pack is mseited, and the tonsillectomy is pei- 
foimed Aftei its completion, attention once moie may be 
dnected to the nasophaiynx, and any lemnants of lymphoid 
tissue lemoved with the Meltzer punch foiceps 

We have been using this technique foi the past five yeais 
with veiy giatifymg lesults The view obtained by the m- 
dnect method (see Fig 2) is inverted fiom that obtained 
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11 OnrrroN, G Adenotonsillectorm Jour Joira Med Soc 377 379, 
1957 

12 Diurrs Eckfmioft and Vvndvm “Introduction to Anesthesia ” 

B Sanders Comparn Pub , 1957, Phila and London 

13 Sirrmo\N, II R Obsenations on the Nasophar'nx and Removal 
of Adenoids Jour Larj/uool and Otol 05 G09 613 1951 

14 PrjirnsiN P M Adenoidectom\ Arch Otolarjmqol , 66 517 524 
1957 


OTOLARYNGIC RADIOLOGY COURSE 

The Departments of Radiology and Otolaiyngology, College 
of Medicine, the Ohio State Umveisity, will offei a post- 
giaduate couise m otolaryngic ladiology Febiuary 4 and 5, 
1958, at Umveisity Hospital, the Olno State Umveisity 
Health Centei, Columbus, Ohio, undei the duection of John 
F Holt, M D , Piofessoi of Radiology, University of Michigan, 
Lewis Ettei, MD, Piofessoi of Radiology, Umveisity of 
Pittsbuigh, Rodenck Tondieau, M D , Piofessoi of Radiology, 
Umveisity of Pennsylvania, Sidney Nelson, MD, Piofessoi 
of Radiology, the Ohio State Umveisity 

Theie will be lectuie penods with time given foi gioup 
discussion Di Holt will discuss the esophagus, salivary 
glands, tiacheo-bionchial tiee, and skull piopei Di Ettei 
will discuss the paianasal sinuses, nose and nasophaiynx Di 
Tondieau will discuss the mastoid and larynx 

Registiants aie encouiaged to bung inteiestrag loentgeno- 
giams foi participation m discussion penods 

A fee of $35 00 must accompany the legistiation applica¬ 
tion Luncheon foi the two days will be included in tins 
fee All legislations aie to be completed by January 15, 
1958 

Addiess applications oi lequests foi additional information 
to William H Saundeis, M D, Department of Otolaryn¬ 
gology, Umveisity Hospital, Columbus 10, Ohio 
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The adenoidectomy should not be peifoimed blindly 01 by 
palpation These methods should be delegated to the his- 
toneal backgiound of the opeiation, but its use in modem 
suigeiy should be condemned 

SUMMARY 

1 The sitting position should not be used loutmely m the 
peifoimance of the adenoidectomy because of oithostatic 
hypotension and possibly cei ebi o-vasculai accidents 

2 A technique of mdnect visualization of the nasophaiynx 
is descubed 

S This technique has been used m the past five yeais with 
encoui aging lesults 

h Blind methods in the perfoimance of the adenoidectomy 
aie condemned 
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SUBCOMMITTEE ON HEARING IN CHILDREN 


The Amencan Acadenn of Ophthalmology and Otolaryn¬ 
gology, tlnouglr its Subcommittee on Healing m Children of 
the Committee on Conservation of Healing, has been conduct¬ 
ing a long-teim nationwide study of pioblems 1 elating to the 
conservation of healing m childien The specific aims aie to 
develop the most efficient case-finding methods and to use 
these methods m estimating the magnitude of the pioblem m 
the countiv, to stud\ state laws and leview cunent practices 
and facilities foi rehabilitation of healing impaiied childien, 
to help develop methods foi medical and suigical rehabilita¬ 
tion standards, and ultimately to use the Subcommittee find¬ 
ings m assisting professional woikeis to improve and enhance 
piogiams m healing loss 

In the second real of operations, a full-time Executive 
Dnectoi has been engaged, and offices established at the 
Giaduate School of Public Health, Umveisity of Pittsburgh 
An initial study is being conducted m Pittsburgh to identify 
eaily medical signs and symptoms which may indicate dangei 
of heanng impairment, to measuie the psychological, social 
and othei effects of such impairment and to develop efficient 
and economical methods foi the testing of heanng m childien 
The Pittsburgh study is a cooperative effort among the fol¬ 
lowing The Subcommittee on Heanng m Childien, the 
Graduate School of Public Health and the School of Medicine 
of the Umveisity of Pittsburgh, the Pittsburgh Boaid of 
Public Education, and the Allegheny County Department of 
Health 

The member's of the Subcommittee on Heanng m Childien 
aie Di John E Boidlev, Baltimore, Di Victor Goodhill, 
Los Angeles, Di Hollie E McHugh, Montieal, Di S Rich¬ 
ard Silverman, St Louis, and Dr Raymond E Joidan, 
(Chan-man) Pittsburgh An advisory committee of consult¬ 
ants fiom the Umveisity of Pittsburgh includes Di Samuel M 
Wishik, Di Leo G Doeiflei, and Di Isidoie Altman Giants 
from the United States Children’s Buieau thiough the Penn¬ 
sylvania Department of Health and from the National In¬ 
stitutes of Health aie providing financial support 
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BOOK REVIEWS 


Sprachaudiometrie Grundlagen und Praktische Anwendung Elner 
Spracliaudiometife fui das Deutsche Sprachgebiet Doz Dr Med 
Kail Heinz Hahlbroch Georg Thieme Verlag Stuttgart (in the USA. 
and Canada Intercontinental Medical Book Corporation, New 5ork 
16 N \ 1957 Soft co\er 182 pp $5 00 

Dr Halilbrock has produced a comprehensiie sjstliesis of the principles 
and practices i elating to speech audiometn The chapters include the 
detelopment of speech audionietn , the piactical proceduies interpreta 
tion of test results, comparisons between classical tests of hearing and 
speech audiometri and the techniques of application of speech audiometrj 
to the selection of patients for surger} and the selection of hearing aids 

Fot those who can undei stand the German language this should be a 
useful guide to speech audiometn There is a short introduction hi Prof 
Di F Zollner 


Educational Guidance and the Deaf Child Edited bv A W G Ewing 
The Volta Buieau 1537 35th St \ T TV , 'Washington 7, D C 19 57 345 
PP 

A W G Ewing Professor and Director of the Department of Educa 
tion of the Deaf Limerslti of Manchester, hns brought together a col 
lection of studies that reflect the activitj in the Department of Education 
of the Deaf at his Unheislti The major poitions of the \ olume deal 
with infancj and earl\ childhood and children of school age A good 
deal of emphasis is placed on scieening tests and guidance for parents 
and on tests of abilities and attainments The book is a useful compen 
dium for those who want to acquaint themsel\es with the forward looking 
activities at Manchester 


Look, Listen and Lipread Edited by Betty C Wright The Volta 
Bureau, 1537 35th St NW Washington 7, D C 1957 Soft coier 

110 pp 

Miss Wright, who is listed as Consultant American Hearing Societj 
and U S Office of Vocational Rehabilitation, Insti uctor of Lipreading 
Hearing Center, Medical College of Virginia has gathered together con 
tributions from experienced teachers of lipreading that the latter ha\e 
found useful in practice The compendium is a useful source of tried 
material for the teacher of lipreading 

S R S 
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THE 11TH CONGRESS OF THE INTERNATIONAL 
ASSOCIATION OF LOGOPEDICS AND PHONIATRICS 


The 11th Congiess of the International Association of 
Logopedics and Phomatucs will take place m London, August 
17-22, 1959 The following official leports will be piesented 
The Inhentance of Voice and Speech Disordeis, Pi of R 
Luclisingei, MD, Zurich, Defects of Articulation, Munel 
Morley, B Sc , F C S T , Newcastle, The Physiology and 
Pathology of the Soft Palate, Piof Lucio Cioatto, MD, 
Padua The official languages of the Conference will be 
English, Fiench, and Geiman 

Those woiking in the field of Speech and Voice Theiapy 
and all who aie intei ested m tins specialty aie invited to 
attend and to submit papers 

If intending to be piesent, whethei submitting a papei oi 
not, please inform the Congiess Secietary at the earliest 
possible date 

Papeis aie invited on subjects lelevant to the thiee mam 
reports oi any othei aspect of speech and voice Only one 
contribution will be accepted fiom any one membei of the 
Congiess and this must not have been pieviously published 
The Committee leseives the light to select papers Papeis 
should be lestucted to 15 minutes m length, demonstrations 
to 10 minutes In special cases 20 minutes may be allowed foi 
a papei of gieat importance but only if application is made 
at the time of submitting the title Should a gioup of four 
oi moie people wish to piesent a symposium oi a prepared 
discussion on a theme, consideration will be given to allocating 
up to one horn foi such a contribution 

Titles must be received by Septembei, 1958 Summaries 
must be received not later than November 15th, 1958 

All communications are to be sent to Peggy Carter, 
L C S T , 46 Canonbury Square, London, N 1 
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THE INTERNATIONAL CONGRESS ON THE 
EDUCATIONAL TREATMENT OF DEAFNESS 

The Univeisity of Manchester Department of Education 
of the Deaf, -nail sponsoi The International Congiess on the 
Educational Tieatment of Deafness, July 15-23, 1958 
The Mmistei of Education foi England and Wales has de¬ 
cided to lecognize the Congress as a Short Course which 
teacheis of the deaf may attend undei Giant Regulations 
An intei esting piogiam has been ananged 
Demonstiations will be given to lllustiate some aspects of 
the leseaich that is m piogiess in the audiology unit and 
audiological laboi atones of the Depaitment of Education 
of the Deaf, and in collaboiation with the Department of 
Otolaiyngology, the Public Health Department and School 
Medical Service of the City of Manchestei, and the Eai, Nose 
and Thioat Department of the Royal Manchestei Childien’s 
Hospital The subjects of the demonstiations will include 
piocedures foi the making of scieemng tests and assessments 
of the hearing of babies and young childien, the lesults of 
guidance to paients to enable them to give home tiammg 
to then children of pre-school age whose hearing is impaiied, 
and the lesults of an experimental investigation on pioblems 
in aichitectural acoustics that concern the use of hearing aids 
m school buildings 

Anangements aie being made to offei accommodation to 
membeis of the Congiess m Univeisity Halls of Residence 
The cost of this type of accommodation is expected to be about 
£1 2s od per day, including bed, bieakfast and dmnei The 
Univeisity lefectory will be available foi meals duimg each 
day 

For those members who wish to do so, anangements will 
be made to visit audiology clinics and special schools m Lon¬ 
don, Oxford and other places In connection with the Con¬ 
giess it is hoped to organize tours to places of intei est The 
dates pioposed for this are July 9th, 10th, and 11th 

For further details write Prof A W G Ewing, Depart¬ 
ment of Education of the Deaf, The University, Manchester 
13, England 
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AMERICAN OTOLOGICAL SOCIETY, INC 

President Dr Dean M Lierle State University of Iowa, Iowa Cit\, la 
Seeretan Dr Lawrence R Boies, Unit ersity Hospitals, Minneapolis 14, 
Minn 

Place Fairmont Hotel San Francisco Calif, Mav 17 IS 195S 
Place The Homestead, Hot Springs 1 a 1959 

AMERICAN OTORHINOLOGIC SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCTIVE SURGERY 

President Dr Joseph Gilbert 111 E 61st SL, New York, N Y 
Vice-President Dr Kenneth Hinderer, 402 Medical Arts Bldg, Pitts 
burgh, Pa. 

Secretarj Dr Louis Joel Felt, 66 Park Ave., New York 16, N Y 
Treasurer Dr Arnold L Caron 36 Pleasant St, Worchester, Mass 


AMERICAN RHINOLOG1C SOCIETY 

President Dr Russell I V illiams 408 Hynds Bldg Chevenne Wvo 

Secretary Dr Robert M Hansen 1735 No Wheeler Av e , Portland, Ore 

Annual Clinical Session Illinois Masonic Hospital Chicago, Ill October 
1958 

Annual Meeting October 195S Chicago Ill (Definite time and place to 
be announced later) 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Irvin J Fine 606 New Brunswick Ave Perth Amboy 
N J 

JSecretarj Dr Samuel M Bloom 123 East S3rd SL, New York 2S, N Y 
Meeting Columbus Ohio March 7 8, 1958 

AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph V Hampsev, Grant Bldg Pittsburgh 19 Pa 
Secretarv Treasurer Dr Daniel S DeStio 121 S Highland Ave Pitts 
burgh 6 Pa 

Annual Meeting Palmer House Chicago, Ill October 16 17 195S 

ASSOCIACAO MEDICA DO INSTITUTO PENIDO BURNIER— 

CAMPINAS 

President Dr Lech Junior 
First Secretary Dr Franco do Amaral 
Second Secretary Dr J M. Quelroz Abreu 
Librarian Treasurer Dr Souza Quelroz 

Editors for the Archives of the Society Dr Guedes de Melo Filho Dr 
Antonio de Almeida and Dr Gabriel PSrto 
Meetings Twice every month first and third Thursdav S 30 P M 


ASOCIACION DE OTORRINOLARINGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 

Presidente Dr Julio Quevedo, 16 Calle Oriente No 5 
First VIce-Presidente Dr Hdctor Cruz 3a Avenida Sur No 72 
Second Vice-Presidente Dr Jos§ Luis Escamilla 5a Calle Poniente 
No 48 

Secretario-Tesorero Dr Horace Polanco 13 Calle Poniente No 9 D 
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DIRECTORY OF OTOLARYNGOLOGIC SOCIETIES 

(Secretaries of the various societies are requested to keep this 
information up to date) 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr Erling W Hansen, 90 So Ninth St, Minneapolis, Minn 
Executive Secietarv Dr William L Benedict, Majo Clinic, Rochester 
Minn 

Meeting Palmer House, Chicago Ill 


AMERICAN BOARD OF OTOLARYNGOLOGY 

Meeting Palmei House, Chicago, Ill 


AMERICAN BRONCHO ESOPHAGOLOGICAL ASSOCIATION 

Piesident Dr IValter Hooier 605 Commonwealth Bldg Boston, Mass 
Vice President Dr Walter P W'ork, 381 Post SL, San Francisco, Calif 
Secretary Dr F Johnson Putnej 1719 Rittenhouse Square, Philadel 
phia, Pa. 

Treasurer Dr Verling K Hart 106 W 7th St, Charlotte N C 
Meeting Mark Hopkins Hotel San Francisco Calif, Maj 21 23, 1958 


AMERICAN LARYNGOLOGICAL ASSOCIATION 

President Dr Harrj P Schenk 326 S 19th St, Philadelphia 3, Pa 
Secretary Dr James H Maxwell, Unlversitj Hospital Ann Arbor, Mich 
Place Fairmont Hotel San Francisco Calif, May 19 20, 195S 


AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAL 

SOCIETY, INC 

President Dr Lawrence R Boies, University Hospital, Minneapolis 14, 
Minn 

Secretary Dr C Stewart Nash, 700 Medical Arts Bldg, Rochester 7, 
N Y 

Place Mark Hopkins Hotel, San Francisco, Calif, Maj 21 23, 195S 
Place The Homstead Hot Springs Va, March, 1959 

AMERICAN MEDICAL ASSOCIATION, 

SECTION ON LARYNGOLOGY, OTOLOGY AND RHINOLOGY 

Chairman Dr Gordon D Hoople Syracuse, N Y 
Vice-Chairman Dr Kenneth L Craft, Indianapolis, Ind 
Secretary Dr Hugh A Kuhn, Hammond Ind 

Representative to Scientific Exhibit Walter Heck, M.D , San Francisco, 
Calif. 

Section Delegate Gordon Harkness, M D , Davenport, Iowa 
Alternate Delegate Dean Lierle, M D Iowa City, Iowa. 
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AMERICAN OTOLOGICAL SOCIETY, INC 

President Dr Dean M Llerle, State Universit-v of Iowa, Iowa Cit> la 
Secretarv Dr Lawrence R Boies Univ,ersity Hospitals, Minneapolis 14, 
Minn 

Place Fairmont Hotel San Francisco Calif Ma\ 1718, 195S 
Place The Homestead Hot Springs Ya 1959 

AMERICAN OTORHINOLOGIC SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCTIVE SURGERY 

President Dr Joseph Gilbert, 111 E 61st St, New York, N Y 
Vice-President Dr Kenneth Hinderer, 402 Medical Arts Bldg, Pitts 
burgh, Pa. 

Secretarv Dr Louis Joel Felt, 66 Park Ave., New York 16, N Y 

Treasurer Dr Arnold L Caron, 36 Pleasant SL Worchester Mass 


AMERICAN RHINOLOGIC SOCIETY 

President Dr Russell I Williams 408 Hvnds Bldg, Chevenne Wvo 
Secretarv Dr Robert M Hansen 1735 No WTieeler Ave Portland Ore 
Annual Clinical Session Illinois Masonic Hospital Chicago, Ill, October, 
1958 

Annual Meeting October 195S Chicago Ill (Definite time and place to 
be announced later) 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Irvin J Fine 506 New Brunswick Ave, Perth Amboy, 
N J 

JSecretarv Dr Samuel M Bloom, 123 East 83rd SL, New York 28 N Y 
Meeting Columbus Ohio, March 7-S, 1958 

AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampsey Grant Bldg, Pittsburgh 19 Pa 
Secretarv Treasurer Dr Daniel S DeStio, 121 S Highland Av e Pitts 
burgh 6 Pa 

Annual Meeting Palmer House, Chicago Ill October 16 17, 1958 


ASSOCIACAO MED1CA DO INSTITUTO PENIDO BURNIER— 

CAMPINAS 

President Dr Lech Junior 
First Secretary Dr Franco do Amaral 
Second Secretary Dr J M Queiroz Abreu 
Librarian Treasurer Dr Souza Queiroz 

Editors for the Archives of the Society Dr Guedes de Melo Filho Dr 
Antonio de Almeida and Dr Gabriel P6rto 
Meetings Twice every month first and third Thursday 8 30 PM 

ASOCIACION DE OTORRINOLARINGOLOG1A 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 

Presidents Dr Julio Quevedo 15 Calle Oriente No 5 
Firnt Vlce-Presidente Dr H6ctor Cruz, 3a Avenlda Sur No 72 
Second Vlce-Presidente Dr JosS Luis Escamilla, 5a Calle Poniente 
No 48 

Secretario-Tesorero Dr Horace Polanco 13 Calle Poniente No 9 D 
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DIRECTORY OF OTOLARYNGOLOGIC SOCIETIES 

(Secretaries of the various societies are requested to keep this 
Information up to date) 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

Piesident Dr Erling W Hansen 90 So Ninth St, Minneapolis, Minn 
Executive Secretary Dr William L Benedict Mato Clinic, Rochester, 
Minn 

Meeting Palmer House, Chicago Ill 


AMERICAN BOARD OF OTOLARYNGOLOGY 

Meeting Palmei House, Chicago, 111 


AMERICAN BRONCHO ESOPHAGOLOGICAL ASSOCIATION 

President Di W'altei Hootei G05 Commonwealth Bldg Boston, Mass 
Vice President Dr W r alter P Work 3S4 Post SL, San Francisco, Calif 
Secretary Dr F Johnson Putoet 1719 Rlttenhouse Square, Plilladel 
phia, Pa. 

Treasurer Dr Yerling K Hart 106 W 7th St, Chnrlotte, N C 
Meeting Mark Hopkins Hotel San Francisco, Calif, Maj 21 23, 1958 


AMERICAN LARYNGOLOGICAL ASSOCIATION 

President Dr Harrj P Schenk 326 S 19th St, Philadelphia 3 Pa 

Secretary Dr James H Maxwell Unitersity Hospital Ann Arbor, Mich 

Place Fairmont Hotel, San Francisco Calif , Maj 19 20, 195S 


AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAL 

SOCIETY, INC 

President Dr Lawrence R Boles, Unhersitj Hospital, Minneapolis 14, 
Minn 

Secretary Dr C Stewart Nash, 700 Medical Arts Bldg, Rochester 7, 
N \ 

Place Mark Hopkins Hotel, San Francisco Calif, Ma^ 21 23, 1958 
Place The Homstead, Hot Springs Va., March, 1959 


AMERICAN MEDICAL ASSOCIATION, 

SECTION ON LARYNGOLOGY, OTOLOGY AND RHINOLOGY 

Chairman Dr Gordon D Hoople, Syracuse, N Y 
Vice-Chairman Dr Kenneth L Craft, Indianapolis, Ind 
Secretary Dr Hugh A. Kuhn, Hammond Ind 

Representative to Scientific Exhibit Walter Heck, M D , San Francisco, 
Calif 

Section Delegate Gordon Harkness, M D , Davenport, Iotva 
Alternate Delegate Dean Lierle M D , Iow r a City, Iowa. 
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FEDERACION ARGENTINA, 

DE SOCIEDADES DE OTORRINOLARINGOLOGIA 

Secretan of the Interior Prof Dr Atlllo Vlale del Carril 
Secretaij of Exterior Dr Aldo G Remorino 
Secretar) Treasury Prof Dr Antonio Carrascosa 
Pro Secretan of the Interior Prof Dr Carlos P Mercandino 
Pro Secretary of the Exterior Prof Dr Jaime A. del Sel 
Pro Secretary of the Treasury Dr Jorge Zublzarreta. 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M Noubleau, San Salarador 

Secretary Treasurer Dr Hector R. Silva Calle Arce No S4, San Salva 
dor, El Salvador, Central America 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Chas C Grace 145 King SL St Augustine, Fla 
President Elect Dr Jos W Taylor, 706 Franklin SL Tampa Fla 
Secretary Treasurer Dr Carl S McLemore 1217 Kuhl Av e Orlando, Fla 


FOURTH LATIN AMERICAN CONGRESS OF 
OTORINOLARINGOLOGIA 

President Dr Dario 

Secretary 

"Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr V 1111am B Steinman 
President Elect Dr James H. Mendel Jr 
Secretary Treasurer Dr H Carlton Howard 

Meeting quarterlv (March Mar October and December) on the second 
Thursdav of the month 6 30 P M at Urmev Hotel Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 

President Dr Theodor Hunermann, Dusseldorf, Germany 
Secretary Dr Chevalier L Jackson, 3401 N Broad St, Philadephia 40 
Pa., USA. 

Meeting Sixth International Congress of Bronchoesophagology, Phila 
delphia. 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H Steele 
President Elect Dr Dick H. Underwood 

Secretary Dr James T Robison 4620 J C Nichols Parkway, Kansas 
City, Mo 

Meeting Third Thursday of November, January, February and April 
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ASOCIACION DE OTO RINO LARINGOLOGiA DE BARCELONA, SPAIN 

Presidente Dr J Abello 

Vice Presidente Dr Luis Sufie Medan 

Secretario Dr Jorge PerellO, 319 Proxenza, Barcelona 

Vice Secretario Di A PinarL 

Vocal Dr J M Ferrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch, 1039 No Calvert St, Baltimore, Maryland 
Secretaiy Tieasurer Dr Theodore A Schwartz 

BUENOS AIRES CLUB OTOLARINGOLOGICO 

Presidente Dr IC Segre 
Vice-Pi esidente Dr A P Belou 
Secretario Dr S A Aranz 
Pro Secretario Dr J M Tato 
Tesoiero Di F Games 
Pro Tesorero Dr J A Bello 

CANADIAN OTOLARYNGOLOGICAL SOCIETY 
SOCIETE CANADIENNE D'OTOLARYN GO LOGIE 

President Dr Robert T Hajes 42 Cobourg St, St John, N B 
Secietaij Di Donald JI McRae, 324 Spring Gaiden Rd Halifax, N S 
Meeting Nova Scotian Hotel, Halifax, N S , June 9 11, 195S 

CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C Otrlch Belleville, Ill 

President Elect Dr Phil R McGrath, Peoria, Ill 

Secretary Treasurer Dr Alfred G Schultz, Jacksonville, Ill 


CHICAGO LARYNGOLOGICAL AND OTOLOGICAL SOCIETY 

President Dr Stanton A Friedberg 122 So Michigan Axe, Chicago 3, 
Ill 

Vice-President Dr Maurice Snitman, 408 So 5th Ave, Maywood, Ill 
Secretary Treasurer Dr Fletcher Austin, 700 No Michigan Ave, Chi 
cago 11 Ill 

Meeting First Monday of each Month, October through May 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Gninvald S 
Vice-President Dr Agustin Estartus 
Secretary Dr Marcos Chaimovich S 
Treasurer Dr Benjamin Kapkan K 
Director Dr Alberto Basterrica A 

DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Ludwig A Michael, 3707 Gaston Ave , Dallas, Tex 
Vice-President Dr Hal W Maxwell 

Secretary Treasurer Dr Edward A Newell, 1511 No Beckley, Dallas 8, 
Tex. 
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NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 

President Mr G L Thompson, 16 Ramshlll Road, Scarborough York¬ 
shire 

Vice-President Mr J H Otty, FYizley Old Hall, Frizlnghall Road, 
Bradford, Yorkshire 

Secretary and Treasurer Mr R Thomas, 27 High Petergate, York, 
Yorkshire 


OTOSCLEROSIS STUDY GROUP 

President Dr Joseph A Sullivan, 174 SL George SL, Toronto 5, Canada 
Secretary Treasurer Dr Arthur L. Juers, 611 Brown Bldg, Louisville, 
Ky 

Meeting Palmer House, Chicago, 111 
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FIXATION OF FRACTURES IN THE MIDDLE THIRD 
OF THE FACE, WITH KIRSCHNER WIRES 

Herbert H Harris, M D , 

Houston, Tex 

Theie is an evei mci easing numbei of fiactuies about the 
body as a lesult of violence, most of which aie caused b\ 
traffic accidents Many of these aie about the head and face, 
and not mfiequently of the middle thnd Though fiactuies 
in the middle thud of the face maj be the only 01 principal 
mjurv, they do occui with othei fractuies, such as the man¬ 
dible 01 long bones of the body, and many times with seveie 
skull oi biam mjuiy 

Yy'hen fiactuies of the middle third of the face do occui 
with othei mjunes the pictuie is moie complicated, and the 
othei mjunes may be of primary concern It is because of 
these seveie mjunes that facial fiactuies may eithei go un¬ 
noticed oi ignoied until late, enough so at times to make 
then pnmaiy l eduction impossible 

Theie aie many things which must be taken into consideia- 
tion befoie a fiactuie in the middle thud of the face is le- 
duced Seveie oi cntical injury elsew'heie may pi event the 
eaily leduction of these fiactures, m fact, unless I can get 
them lathei eaily, foui oi five oi even ten days’ delay seems 
to make little diffeience m the leduction, and with the use of 
antibiotics infection is no longei a hazaid Even at the end 

•Read before the Section on Otolar\ ngolog\ Sectional Meeting: of the 
American College of Surgeons Feb 6 1957 \eir Orleans La 

tFrom the Department of Otolan ngology Bavlor Unl\erslt\ College of 
Medicine 

Editors Note This manuscript receired In The Larr ngoscope Office and 
accepted for publication Lor 15 1957 

95 





THE INSTITUTIONS OFFERING EIGHT-NINE MONTHS’ 
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UNIVERSITY OF ILLINOIS COLLEGE OF MEDICINE 
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WASHINGTON UNIVERSITY SCHOOL OF MEDICINE 
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477 First Avenue 
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Basic Sciences In Otolaryngology 
September through June 


•Our subscribers are asked to send us information on other institutions 
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about the lacnmal bone and the lacrimal duct may cause 
teanng of the eve 

The diagnosis of facial fractuies is usuallv not difficult 
foi one who is familial vith the landmarks Tactile sense 
of the tiamed index and middle fingers can always elicit 
deformity legaldless of the swelling, unless infection has 
taken place and the tissues ha\e become brawny As men¬ 
tioned befoie, palpation of the nasal bones, the mfiaorbital 
ndge, the malai eminence of the zigomatic bones and the oc¬ 
clusion of the teeth are the points which, if in then pioper 
position, almost ah\a\s means eithei no fiacture 01 displace¬ 
ment of the fiactuied bones 

Theie aie many positions for taking X-iay to determine 
the extent and location of fractures m this aiea, but due to 
the thinness of some of the bones and shadows cast by over¬ 
hung bone I have ne\ei been satisfied with flat plates 
Usually, and I might say alwavs, a good steieo m the Waters 
position studied thoioughlv will gne not onlv a cleai picture 
of the natuie and extent, but also will tell one the direction of 
the foi ce which caused the fractui e This is alwavs \ ery im¬ 
portant to me, as a foice foi traction m the opposite direction 
to that causing the mjuiy must be exerted to 1 educe the 
fiactuie 

Tlieie aie many methods of reducing fractuies of the 
zygoma, as theie aie manv methods used to fix othei frac¬ 
tuies I do not believe that one can use anv one method foi 
all facial fractuies any moie than one method only can be 
used foi fixing fractuies of long bones Open reduction and 
wmng of the fragments lias its ad\ antages as well as its 
disadx antages Packing a sinus to reduce a fractui e of the 
mfiaorbital ndge and antenoi wall of a sinus, when the 
zygomatic bone has been fiactuied and pushed into the smus, 
is not alwavs enough to insure good lesults The use of the 
Kirsclmei wne as a method of fixation is not the method I 
use m every case, but I do belie\e that it is the simplest and 
the most satisfactory when combined with othei methods if 
necessary 

The Kirschnei wire (see Fig la) much like the Stemman 
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of foui weeks I have been able to 1 educe some of these fiac- 
tuies, foi they heal by scai tissue, and at this time one can 
1 educe them with some difficulty, mobilize the fiagments 
foi bettei alignment, but when theie aie small comminuted 
aieas it is most difficult to leplace these small fiagments 

The pnmaiy objective when a patient has these, combined 
with othei seveie mjunes, is to pieseive the life of the 
patient, since m themselves these fiactuies aie laielv senous 
Shock, seveie biam damage, chest and abdominal mjunes 
must be tieated fust Hemonhage fiom the bioken blood 
vessels along the line of fiactuie is one complication which 
must be contioiled eaily, legaidless of the seventy of mjunes 
elsewheie Most bleeding can be conti oiled by packing the 
nose when such fiactuies evtend thiough the nasal cavities, al¬ 
though othei means must be lesorted to when necessaiy 

Airway obstiuction may follow some seveie mjunes and a 
tiacheotomy should be done without hesitation When laceia- 
tions of the face do occui in combination with these fiactuies 
they should be meticulously lepaued eaily, even if it is im¬ 
possible to 1 educe the fiactuies at the same time If the 
fiactuie is to be leduced within the fust 24 houis, I lecom- 
mend that the fiactuie be leduced fust and the laceiation 
lepaned last, foi sometimes m manipulation, the laceiated 
aieas may be sepaiated, and a good cosmetic lesult cannot be 
obtained 

Theie aie seveial anatomical landmaiks which must be 
kept m mmd as a guide to obtain the best lesult, the nasal 
bones, the mfiaoibital ndge, the malai eminence of the 
zygomatic bone and the occlusion of the teeth Of couise, 
all of these may not be involved m eveiy fiactuie, but they 
all must be lestoied to the oiigmal position if good function 
and good cosmetic lesults aie obtained Even though the 
alveolai ndge with the uppei teeth may not be involved 
fiactuies of the zygoma, the mfiaoibital ndge and the flooi 
of the oi bit may allow the eye to dip so that diplopia develops 
and even tnsmus due to the impingement of the coionoid 
piocess on the zygoma Fiactuies of the nasal bones, with 
displacement, may cause nasal obstiuction and fiactuies 
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pm but smaller comes m three sizes, 062, 045, and 035 of 
an inch, is made of stainless steel and can be drilled into the 
bone oi tluougli the bone without first making an opening 
Ipsen 3 described the use of the Knschnei wne m fixing 
fractuies of the mandible m 1933 Biown, et al t : reported 
its use fust m 1951 foi fiactuies in the middle third of the 
face There is one important point to lemember m using the 
wire. If a dull especially made foi the Kirschnei wne is not 
a\ailable, anv hollow shaft drill can be used, but onlv about 
one-and-one-half to two inches of the wire should be allowed 
to extend bejond the end of the chuck (see Fig lb) Allow¬ 
ing such a small amount of the wire to extend bevond the 
chuck pre\ents wobbling of the wne, and the dnection of 
the drilled wne is moie accuiate In most facial fiactuies 
I have found the 062 oi the heaw Kirschnei wne to be the 
most satisfactory size 

Though fractuies nm occui with much comminution, 
there aie seveial which I belieie rather completelv tvpifv 
most of these fractures of the middle third of the face Piob- 
ablv the most common injury is that to the nose and the 
frontal processes of the maxilla I shall not take tins up in 
my discussion except msofai as it is i elated to othei fractuies 
m this region 

Though no two fiactuies are alike, most aie similai m that 
they mav be classified into six general types 

1 Simple zygomatic fractures 

2 Z\ gomatic fractures with comminution of the infra¬ 
orbital ridge and anterior wall of the sinus 

3 Transverse fractuies of the maxillae or LeFort I 

4 Pvramidal fractures of the maxillae or LeFort II 

5 Cramo-facial fractures of LeFort III 

6 Combination of some of the above with comminutions 

Simple zvgomatic fiactures not mfrequentlv mav be re¬ 
duced with the bone hook or some othei device such as a 
towel clip, though occasionally I ha\e been unable to reduce 
the fiactuie without entenng the maxillary sinus when theie 
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Fig la Ordlnar\ bone dilll bone hook and the three sizes of Ivirschnei 
p ires 

Fig lb Onlj about 1L to 2 Inches of the r\ire are alloued to remain 
between the bono and the chuck of the drill to preeMit uobbllng 

Fig lc Fracture lines in simple zjgomntlc fracture 

Fig Id Slio'us the position of the bone hook to reduce a tepical z'go- 
mntic fracture and the direction of the Kirscliner u ire into the othei 
side 
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Fig 2a T\ pical depression o\er the cheek area In simple z\ gomatlc 
fracture 


Fig: 2b Tj pical fracture lines Note the reduced size of the maxlllarj 
sinus due to the depressed .z\goma. 

Fig 2c. Reduced fracture fixed with a KIrschner wire bv fixing across 
to opposite zygoma. 

Fig 2d Right zygoma shon s t\ pical fracture lines with comminution 
of the infraorbital margin and anterior maxillar' wall through the 
zj gomatlc arch and the frontal-sphenoid suture line area. Left zygoma 
shows U pical fracture lines of the simple zygomatic fracture 


i 
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seemed to be impaction of the fiagments I have not found 
it necessaiy to make an incision above the aich The fractuie 
lines m a simple zygomatic fiactuie (see Fig lc) usually 
occui m 01 neai the sutuie line of the fionto-sphenoidal 
piocess with the conespondmg bones, neai the sutuie line in 
the zygomatic aich and thiough the antenoi wall of the 
maxillaiy thiough the infiaoibital foiamen downwaid and 
lateially thiough the thm lateial wall of the maxilla 

A laige peicentage of these simple fiactuies when 1 educed 
will lemam m good position without fixation This depends 
matenally on how much comminution theie is at the fiactuie 
line If the zygomatic bone does not lemain m good position, 
it can be held m place with the bone hook and a 062 Knsch- 
nei wne dulled through the body of the fiactuied zygoma 
into the medial maxillaiy wall acioss the nose, thiough the 
medial wall and into the lateial wall of the opposite maxillaiy 
just below the body of the zygoma (see Fig Id) Foimeily, 
I tiled to dull the wne thiough to the opposite body of the 
zygoma, but this is not necessaiy as it does keep the wne 
away fiom the opposite oibit and the infiaoibital neive I 
have nevei seen an accident occui with the wne, but I am 
suie it would be possible foi the wne to be deflected into 
the opposite oibit if one weie not veiy caieful when tiymg 
to fix the wne into the opposite body of the zygoma Passing 
thiough these seveial stiuctuies, the medial wall of both 
maxillary sinuses, the nasal septum and into the lateial wall 
of the opposite sinus, usually give sufficient suppoit of the 
wne If a satisfactory leduction and fixation is not accom¬ 
plished at fust the wne may be withdiawn In difficult 
cases I have dulled it acioss to the opposite side as many as 
thiee or foui times befoie getting a satisfactoiy position I 
have nevei seen any untowaid lesults as it punctuies the 
tuibmate and is withdi awn Theie may be some bleeding 
which stops veiy quickly A case of simple fiactuie of the 
zygoma is heiewith lllustiated (see Figs 2a, 2b, 2c and 2d) 

Comminuted fractuies of the mfiaorbital maigm and the 
antenoi wall of the maxillaiy sinus, combined with a depies- 
sion of the zygomatic bone into the sinus, poses a slightly 
gieatei pioblem m obtaining good lesults (see Figs 2d, 3a 
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Fig 4a Tvpical lines of fracture transverse pj ramidal and cranio¬ 
facial from below upward Front ■view 


Fig 4b Same Side view 

Fig 4c Fracture lines transverse fracture of maxillae 
Fig 4d Fracture lines pvramldal fracture of maxillae 
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and 3b) Entenng the ma\illaiy thiough the canine fossa 
legion and making a countei opening into the infeiioi meatus 
foi the puipose of lemovmg the gauze packing is usually 
necessary I pack the sinus with one-half inch gauze mipieg- 
nated with auieomycin ointment and leplace and mold the 
comminuted fiagments back into place, and sutuie the wound, 
bunging the gauze out of the opening m the mfeiioi meatus 



Fig 3a Tjplcal appearance of tile face In a fracture of the zj goma 
"1th comminution of the anterior wall of the sinus and the Introarbltal 
margin 

Fig 3b X-raj findings of the same patient sho" lng the comminutions 
"hen stereo "as \ lewed 


The body of the zygoma, which usually is not comminuted, 
may be held in place as m a simple zygomatic fiacture, pass¬ 
ing the wne acioss the gauze filled cavity Of couise, the 
gauze must be left in as long as the wne, which I find is 
usually 18 to 21 days 

I wish now to take up the gioup of fiactuies known as the 
LeFoit I, II and III, oi the tiansveise, pyiamidal and cianio- 
facial featuies (see Figs 4a, 4b,) These have one factoi 
m common The maxillae containing the teeth is fiactuied 
fiom the skull at diffeient levels The teeth, theiefoie, do 
not occlude noittially oi piopeily Though the maxillae aie 
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Fig 5a Fracture lines in cranio-facial fracture 

Fig 5b Fracture lines in transAerse and pyramidal fractures from 

below upward 

Fig: 5c. Pyramidal fracture of maxillae using Kirschner wires for cross 

wiring and direct fixation Into opposite z\ goma Fracture splints on teeth 

Fig 5d P\ramldal fracture with wires withdrawn from opposite 

zjgoma into maxillary sinus so that traction can be applied to head cap 
Fracture splints on teeth. 
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usually fiactuied dowmvaid and backwaid, occasionally the 
maxillae aie pushed backwaid and upwaid 

The tiansieise fiactuie occuis just above the alveolai 
maigm so that the teeth, if they aie piesent, aie contained 
m the lowei fiagment (see Fig 4c) In my expenence these 
aie less common than the pyiamidal, but likely occui when 
dentuies aie worn and the blow occuis ovei the dentuies, 
causing a sheaimg mjuiv 

Pyiamidal fiactuies occui a little lnghei up on the maxillae 
involving the nasal bones, the antenoi wall of the maxillae 
and the mfiaoibital ndges, the flooi of the oibit and the 
antenoi and lateial wall of the maxillae, usuallv at diffeient 
levels on each side (see Fig 4d) 

The ciamo-facial fiactuie is at a still lnghei level tlnough 
the ethmoid labynnth into the postenoi paid of the mfenoi 
oibital fissme, neai the sutuie line between the fionto- 
splienoidal piocess with the conesponding bones and tlnough 
the zygomatic aicli (see Fig 5a) To secuie and maintain 
piopei occlusion of the teeth is one mam objective If no 
teeth aie piesent occlusion is not so important, but main¬ 
taining good position of the fiagments is essential It must 
be lemembeied that a good cosmetic lesult can be obtained 
without pei feet occlusion of the teeth, but good function 
lequnes peifect occlusion 

In all of these fiactuies the an way may be of concern and 
a tiacheotomy may be necessaiy immediately, oi may be 
necessaiy when fiactuie splints oi aich bais aie applied to 
the teeth and the nose packed to 1 educe a fiactuie 

Tiansveise and pyiamidal fiactuies (see Fig 5b) may be 
tieated by cioss wmng the lowei fiagment into the body of 
the opposite zygoma, especially if no teeth aie piesent (see 
Fig 5c) In pyiamidal fiactuies, if most of the teeth aie le- 
maming and the nose fiactuied, I do a tiacheotomy, then apply 
the fiactuie splints to the teeth and leduce the fiactuie and 
tiy to get good occlusion by cioss wmng the lowei fiagment 
into the body of the zygoma, then finally and lastly i educe the 
nasal fl actui e In most cases I have found that the lowei fi ag- 
ment is stable, but the occlusion is not peifect and I lesort to 
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Fig 5a Fracture lines in cranio-faclal fracture 

Fig 5b Fracture lines In transverse and pj ramldal fractures from 
below upward 

Fig 5c Pi ramidal fracture of maxillae using KIrschner wires for cross 
wiring and direct fixation into opposite zj goma Fracture splints on teeth 

Fig 5d Pj ramidal fracture with w ires withdrawn from opposite 
zygoma into maxillarj sinus so that traction can be applied to head cap 
Fracture splints on teeth 
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the head cap and tiaction with lubbei bands aftei these wues 
have been withdiawn fiom the body of the zygoma (see Fig 
5d) The tiaction is usually foiwaid and upwaid as is shown 
m Fig 6a Sometimes when the fiagment is pushed upwaid 
tiaction must be applied downwaid and foiwaid Though 
flat plate X-iays show the fiactuie lines (see Fig 6b) a steieo 
m the Wateis position gives much moie detail The nasal 



Fig Ga Pjramldal fiacture with forward and upward pull of lower 
fragment 

Fig 6b X-rat \ lew Waters position showing tjplcal p^ ramidal 
fracture 


bones, when badly comminuted, should not be l educed until 
the maxillae aie m good position, and then may be moulded 
into position a few days later if a good position is not secuied 
at fust I have found it veiy difficult to use one pm across 
the lowei fragment, as not mfiequently it will be deflected into 
the fractuie line of the opposite side and no tiaction can be 
obtained on that side 

Management of the ciamo-facial oi LeFoit III type of fiac¬ 
tuie can be handled very much the same way as the tiansveise 
and pyiamidal fiactuie, except that dnect fixation cannot be 
done satisfactory, due to the fact theie is no adequately stiong 
stiuctuie into which the wue may be secuied It is then 
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usually necessaiy, if open 1 eduction is not done, to use the 
tiaction method, as 'well as fiactuie splints to the teeth 

The use of head caps is certainly not the most satisfactory 
method of applung tiaction, but I have found none bettei 
Braiding the hail and then appl>mg one of the “spiay nets” 
to stiffen the hail helps some In my expenence the mobile 
type of fixation with tiaction is worth the effort, because 
all of these patients get a good occlusion 

CONCLUSIONS 

1 Use of the Knschnei wne foi dnect fixation of fiactuies 
of the middle thud of the face has been found to be very 
satisfactory 

2 Less time is lequued to fix fiactuies bv this method 
than by open i eduction 

3 Use of the Knschnei wne to which tiaction can be 
applied is most satisfactory and theie is minimum seaming 
at the entiance tlnough the skin 

U The use of two Knschnei wmes ciossmg into the body 
of each zygoma has been found moie satisfactory than trying 
to cioss dnectly fiom one zygoma to the othei m fixation 
of pyiamidal fractuies and gives the added factoi that the 
point can be withdiawm into each maxillary and tiaction 
applied with a head cap, if the i eduction has not been satis¬ 
factory 

5 Wheie fiactuie splints to the teeth must be applied and 
the nose packed foi leduction of an accompanying fractuie, 
tiacheotomy is advisable, piefeiably through a tiansveise 
incision 

6 No accidents oi infections have been encounteied thus 
fai m my cases 
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THE GOULD AWARD 

The Gould Awaid of $250 is piesented foi outstanding le- 
seaich m Laryngology, to encouiage and lewaid fundamental 
investigations m this field While the awaid lecognizes the 
completion of a specific leseaich pioject, favoiable attention 
will be given to mvestigatois with a long-teim mteiest m 
this subject This awaid is made annually by the William 
and Han let Gould Foundation, Chicago, Ill Recipient will be 
selected by an International Committee consisting of Su 
Victoi Negus, 149 Hailey Stieet, London, W 1, England, 
Piofessoi Cotohi Satta, MD , No 111 Monkawacho Bunkyo- 
ku, Tokyo, Japan, Piofessor Di Eelco Huizinga, Academisch 
Ziekenhuis, Afd Kel-Neus-Oohelkunde, Gionmgen, The Neth- 
eilands, Hans von Leden, MD, Medical Dnectoi, William 
and Hairiet Gould Foundation, 30 Noith Michigan Avenue, 
Chicago 2, Ill, U S A 

Foi furthei information please addiess the neaiest mem- 
bei of the International Committee 



ELECTROMYOGRAPHIC STUDY ON RESPIRATORY 
MOVEMENTS OF THE INTRINSIC 
LARYNGEAL MUSCLES "t 

Fumio Nakamura, M D , 

Yutaka Uyeda, M D , 

Yutaka Sonoda, M D , 

Kyoto, Japan 

It is well known that the laivnx is employed in numeious 
ways, and that numeious factois aie involved m its neuro¬ 
genic conti ols The behavioi of the mtunsic laryngeal mus¬ 
cles undei vanous functions must be dependent upon the 
cential mechanism, of which, howevei, little is known If 
the centeis causing the laryngeal movements weie diffeient 
it is piobable that a diffeient pattern of activity would take 
place This study vas undertaken to diffeientiate the motoi 
pattern displayed m the laiyngeal muscles undei vanous 
actions by lecoidmg the disehaige of the individual motoi 
unit 

In the piesent expei iments only the lespnatory activity is 
consideied The lespnatoiy movements of the vocal colds 
m man weie investigated by Piessman, 10 by lecoidmg a slow 
motion pictui e He showed that basically the glottis widened 
dui mg mspnation and nan owed dunng expnation These 
movements aie so slight m certain pel sons dunng quiet 
lespnation as to be almost impel ceptible, while, m dyspneic 
bieathmg, they mciease in exclusion so that the lateial move¬ 
ment of the colds dunng mspnation becomes piogiessively 
widei as mspnation becomes deepei and moie foiceful By 
lecoidmg the smoked dium tiacmgs, Negus 9 showed that the 
widening of the glottis pieceded a contraction of the dia¬ 
phragm, and nairowmg occuned just befoie the beginning of 

•This paper ■nas read before the International Voice Conference at Chi¬ 
cago Ill Ma\ 20-22 1057 

tFrom the Department of Otolarmgologi Kioto Prefectural Medical 
Colledge Ki oto Japan 

Editors Vote This manuscript receiled in The Lar> ngoscope Office and 
accepted for publication August 8 1957 
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expnation Recently an investigation on impulse activity 
of the lecunent neive and electi omyogiaphic lecoidmg of 
activity m the mtunsic laiyngeal muscles was leported by 
Gieen and Neil, 6 showing that the abductoi muscles filed 
duung mspuation, while the adductois showed an activity 
duung expnation, and that the inflation of the lungs abolished 
the activity m the abductoi and excited the dischaige m the 
adductors 

As these muscles weie lelatively inaccessible to the electi o- 
myogiaphic examination m a human subject, it was decided 
to exploie the movements which take place m anesthetized 
experimental animals 


METHOD 

Dogs weie used throughout the experiments, anesthetized 
with mtiavenous sodium pentobaibitone, about 30 mg/kg 
body weight The neck was opened at the mid-lme, and the 
larynx was exposed, caiefully avoiding injury to neives and 
blood vessels Access to the muscles was obtained by dnect 
visual conti ols Sometmres the tiachea was cut at the lowei 
maigm of the larynx, m such cases the animals no longei 
bieathed thiough the larynx In oidei to pioduce dyspnea, 
animals weie connected to a lebieathing bag, allowing them 
to lebieathe a limited volume of oxygen and to accumulate 
carbon dioxide 

Electiomyogiaphic lecoidmg was made by inserting a con- 
centiic needle electi ode The needle electi ode led to a cathode 
lay oscillogiaph and loud speakei via a resistance capacity 
coupled amplifiei The action potentials weie lecoided by 
using a magnetic type oscillogiaph on a sheet of moving 
bromide papei on which the pneumograph was lecoided 
simultaneously 

As the needle electrode of this type is not sufficiently 
selective to give information on the pattern of a single motor 
dischaige, special care was taken to avoid an interming¬ 
ling of the activities of othei adjacent units, because, if more 
than three or four units weie active it would be difficult to 
intei pi et the electi ical records 
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RESULTS 

The electncal activity in five mtimsic laryngeal muscles 
was examined The tlmo-arytenoid, cnco-arytenoid lateralis 
and intei arytenoid aie the adductoi muscles which cause ap- 
pioximation of the vocal coids with consequent nail owing 
of the glottis The cnco-thyroid is believed to legulate the 
length 01 tension m the coids, and to complete the degree of 
adduction On the othei hand, the cnco-arytenoid posterior 
abducts the arytenoid cartilage and widens the glottis 

When the needle electiode was inserted into the muscle, 
it vas found that the adductoi s, except the thyio-arytenoid, 
which lemamed quiet tluoughout the whole lespuatory cycle, 
showed activity dunng expnation, while the abductoi was 
active dunng mspnation The featuies of motoi neuion dis- 
chaige which were lecoided fiom the mtimsic laryngeal 
muscles dunng respnation, weie similai to those descnbed 
by Adnn and Bionk,- Bionk and Feiguson,* and Gesell, Magee 
and Bnckert' foi the phienic and mtei costal neuions, that 
is, dunng quiet breathing only a fraction of the motoi units 
was active, and the activity in most of these consisted of a 
short tiam of impulses The records exhibiting a chaiactei- 
istic pattern aie lllustiated heiewith(see Fig 1) Dischaige 
fiequencies of a single unit opeiatmg phasically weie between 
five and 50 impulses/sec In the adductoi s the frequency 
of impulses was the gieatest at the start of expnation and 
giadually diopped away as expiration pioceeded, and ceased 
at the end of expnation On the othei hand, m the abductor 
muscles the fiequency was low at the start of mspnation and 
lose gradually as mspnation pioceeded, t e , the intervals be¬ 
tween successive impulses became piogiessively shortei Its 
mcieasing late of dischaige leached a peak at the end of 
inspiration, wheie the firing abruptly ceased at or before 
expiration 

Although the majority of the motoi units filed phasically, 
some units (see Fig 2) showed a continuous tram of im¬ 
pulses whose fiequency rose and fell with the respnatory 
cycle, as if the steady continuous fiequency was modulated 
by the rhythm of breathing These units fired continuously 
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expnation Recently an investigation on impulse activity 
of the lecunent neive and electiomyogiaphic lecoidmg of 
activity m the mtunsic laiyngeal muscles was leported by 
Gieen and Neil, 8 showing that the abductoi muscles filed 
dui mg mspnation, vhile the adductois showed an activity 
duimg expnation, and that the inflation of the lungs abolished 
the activity in the abductoi and excited the dischaige m the 
adductois 

As these muscles weie lelatively inaccessible to the electio¬ 
myogiaphic examination m a human subject, it was decided 
to exploie the movements which take place m anesthetized 
expei imental animals 


METHOD 

Dogs weie used tlnoughout the expeiiments, anesthetized 
with mtiavenous sodium pentobaibitone, about 30 mg/kg 
body weight The neck was opened at the mid-lme, and the 
laiynx was exposed, caiefully avoiding injury to neives and 
blood vessels Access to the muscles was obtained by dnect 
visual contiols Sometimes the tiachea was cut at the lover 
maigm of the laiynx, in such cases the animals no longei 
bieathed thiough the larynx In oidei to pioduce dyspnea, 
animals weie connected to a lebieathmg bag, allowing them 
to lebieathe a limited volume of oxygen and to accumulate 
caibon dioxide 

Electiomyogiaphic lecoidmg was made by inserting a con- 
centiic needle electiode The needle electiode led to a cathode 
lay oscillogiaph and loud speakei via a lesistance capacity 
coupled amplifiei The action potentials weie lecoided by 
using a magnetic type oscillogiaph on a sheet of moving 
biomide papei on winch the pneumogiaph was lecoided 
simultaneously 

As the needle electiode of this type is not sufficiently 
selective to give information on the pattern of a single motoi 
dischaige, special caie was taken to avoid an interming¬ 
ling of the activities of othei adjacent units, because, if moie 
than tlnee 01 foui units weie active it would be difficult to 
mterpiet the electiical lecords 
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.Fig 2 Continuously discharging unit recorded from the adductors (A) 
tB) and abductor (C) These units fired continuously throughout in¬ 
spiration and expiration but in adductors Increasing in rate during ex¬ 
piration and in abductor Increasing In rate during inspiration upper 
line Is pneumogram upwards movement indicating inspiration Lower 
line Is graph of Impulse frequency 
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tluoughout mspnation and expnation the abductoi mci eas¬ 
ing m f 1 equency duung mspnation, while the adductois m- 
cieased m late duung expnation Many of the continuously 
dischaigmg units filed at lathei slow late, namely, they 
mci eased then fiequeney fiom the lange of 5-10 impulses/sec 
duung lest, to the lange of 10-20 mipulses/sec duung con- 




Flg 1 Electromjogram recorded from crlco-orj tenoldcus latornls (A) 
and crlco-nrytenoldeus posterior (B) The adductor shows decelerating 
activity, while the abductor exhibits a characteristic accelerating pattern 
Lower line Is graph of Impulse frequencj 


tiaction, howevei, sometimes a consideiably high late was 
obseived, 50-60 impulses/sec (see Fig 2-B) 

It may be assumed that functionally the motoi units m 
laryngeal muscles fall into two gioups The membeis of the 
fust group perfoim a phasic contiaction duung lespnation 
and those of the second gioup serve to maintain the muscle 
tone undeilymg the phasic movements 

When lespiration was stimulated by causing animals to 
lebieathe a limited volume of an the fiequeney of dischaige 
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Fig 4 Electromv ogrnm recorded from crIco-th\ roldeus (A) continu- 
ouslj discharging unit of crlco-thj roldeus (B) and of crlco-an tenoldeus 
posterior (C) show Inc the effects of anesthesia on respirators actiiits 
The Impulse frequencs decreased and inters als of each successise im¬ 
pulse become more or less at random l_pper line pneumogram (expira¬ 
tion down) 


fibeis dischaigmg impulses deci eased so that the numbei 
filing m a tiam became fewei The pattern of dischaige 
lost its chaiactenstic nature, and mteivals of each impulse 
became moie 01 less at landom 

In 01 dei to eliminate the influence of ail cunent on the 
muscle movements, the tiachea was sectioned at the lowei 
end of the larynx No appieciable change m activity was 
observed, even when an was artificially blown into oi sucked 
thiough the larynx asynchi onously with the lespnatory 
rhythm When dyspnea was pioduced, an mciease m activity 
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Fig 3 Electronic ogram recorded from crico-arc tenoideus lateralis (A) 
crico-ar> tenoideus posterior (B) and continuously firing unit in crlco- 
thyroideus (C) during dcspnea The frequency of firing increased and 
other unit discharging Impulses were recruited Upper line Is pneumogram 
(expiration down) and low , er line is graph of impulse frequence 


and the tiam of impulses mcieased, and additional motoi 
units which dischaige impulses, weie added oi leciuited 
(see Fig 3) Continuously firing units also mcieased in then 
fiequency as lespnatory movements became more violent 

Effects of anesthesia aie illustiated in Fig 4 In such a 
case the frequency of impulses and the numbei of active 
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Fig 4 Electrons ogram recorded from crico-th\ roldeus (A) continu- 
ouslj discharging unit of crIco-th\ roldeus (B) and of crlco-arytenoldeus 
posterior (C) showing the effects of anesthesia on respirators actisits 
The Impulse frequencj decreased and Inters als of each successlse Im¬ 
pulse become more or less at random Upper line pneumogram (expira¬ 
tion dossn) 


fibexs discharging impulses decreased so that the numbei 
filing m a tiain became fewei The pattern of dischaige 
lost its chaiactenstic natuie, and mteivals of each impulse 
became moie 01 less at landom 

In 01 del to eliminate the influence of an cunent on the 
muscle movements, the tiachea was sectioned at the lower 
end of the larynx No appreciable change m activity was 
observed, even when an was artificially blown into oi sucked 
thiough the larynx asynchionously with the respnatory 
lhythm When dyspnea was pioduced, an mciease m activity 
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and a contlnuousH dlschnrglnc BnIt P m? phnsicallj operating unit (A) 
Diminishing and abolishing ^ ( S ) Arrows indicate inflation 

line is pneumogram g f actl ' !U nft er Inf at on is obUous Upper 


mvanably took place, legal dless of an an flow thiough the 
aiynx It seemed that the laryngeal lespnatoiy movements 
eie not affected by local sensory information evoked by 
the ±oi ce of an current 

The abolition of phasic activity m adductoi muscles caused 
y n ation of lungs, leported by Gieen and Neil, 8 was also 

flattniTTl See F f g 5 ' A) Flg 5 ' B shows the effect of m- 
aton upon continuously discharging units Aftei stiong 

tiam of im P ulses duung inspnation 
became abolished, but, during expnation they filed as usual 
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DISCUSSION 

The filing pattern m the adductoi muscles of the larynx 
would be regarded, according to Gesell and otheis, as a lapid- 
ly augmenting type characteristic of the intrinsic expnatory 
muscles, and that of the abductors as a slowly augmenting 
type characteristic of the genuine mspnatory muscles In 
lespiratorv activity the laryngeal muscles’ 1 espouse is similai 
to that of the intrinsic lespnatory muscles m anesthesia, 
dyspnea, and the leflex evoked by stietch leceptors m the 
lungs It might, therefoie, he concluded that during respira¬ 
tion the motor neuiones innervating the laryngeal muscles 
aie influenced by the lespn atorv centeis m a mannei similai 
to those of the genume lespn atorv muscles 

The mtunsic laryngeal muscles exhibit a basic tonic activ¬ 
ity, as suggested bv Jackson and Jackson 12 The periodic 
widening and nan owing of the glottis is superimposed upon 
this undei lying muscle tone The tonic activity m lespn atorv 
muscles is said to ha\e a significant lole m maintenance of 
postuie, particulaily against the foice of gravity, but, as m 
the larynx, the force of giavity acting on the cords might be 
so slight and negligible that it would not be unreasonable to 
suppose that movements of the coids would take place aiound 
the mid-position which might be determined bv the balance 
between these tetanic conti actions m a larger 01 smaller 
portion of motor units m the antagonistic muscles 

The problem, as discussed by Andiews 13 on the lespnatory 
displacement of the larynx, “How is the balance maintained 7 ” 
has not yet been explained satisfactorily The continued 
activity of the laryngeal muscles duimg respnation aftei the 
detachment of the trachea and the gieat increase m activity 
when djspnea was produced, indicate that the position or 
movements of the cords are not passivelv determined by the 
force of an cunent thiougli the glottis chink 

It is said that the laryngeal muscles, as well as the muscles 
of the tongue, face and middle eai do not contain muscle 
spindles 11 Fernand and Young 5 have classed the lecurrent 
laryngeal nerve in rabbits as unimodal, containing few oi no 
pi opioceptive fibeis Campbell and Murtagh, 4 repoitmg the 
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® Effect of Inflation of lungs upon a plmslcallj operating unit (A) 
DiminishingSnS U8 \j u d sclinrslne unit (B) Arrows Indicate Inflation 
ltlmlnlshlng and abolishing of acti\lt\ after Inflation is obtlous Upper 
line is pneumogram 


invanably took place, legaxdless of an an flow thiough the 
larynx It seemed that the laryngeal i espuatory movements 
wexe not affected by local sensoiy information evoked by 
the foice of an cunent 

The abolition of phasic activity m adductoi muscles caused 
by inflation of lungs, leported by Gieen and Neil, 8 was also 
confirmed (see Fig 5-A) Fig 5-B shows the effect of in¬ 
flation upon continuously discharging units Aftei stiong 
inflation a continuous tiam of impulses dunng inspiration 
became abolished, but, dunng expnation they filed as usual 
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DISCUSSION 

The filing pattern m the adductoi muscles of the larynx 
would be legalded, accoidmg to Gesell and otheis, as a lapid- 
ly augmenting type charactenstic of the mtimsic expnatory 
muscles, and that of the abductois as a slowly augmenting 
type chaiactenstic of the genuine mspnatory muscles In 
lespnatory activity the laryngeal muscles’ 1 espouse is similai 
to that of the intrinsic lespnatoiv muscles m anesthesia, 
dyspnea, and the leflex evoked by stietch leceptors m the 
lungs It might, therefoie, he concluded that during lespna- 
tion the motoi neuiones innervating the laivngeal muscles 
aie influenced by the lespnatoiy centers m a mannei similai 
to those of the genuine lespnatory muscles 

The mtimsic laiyngeal muscles exlnbit a basic tonic activ¬ 
ity, as suggested by Jackson and Jackson 1 - The pei iodic 
widening and nan owing of the glottis is superimposed upon 
this undeilying muscle tone The tonic activity m lespnatory 
muscles is said to have a significant lole in maintenance of 
postuie, particulaily against the foice of gravity, but, as m 
the larynx, the foice of giavity acting on the coids might be 
so slight and negligible that it would not be unreasonable to 
suppose that movements of the coids vould take place around 
the mid-position which might be determined by the balance 
between these tetanic contractions in a laigei 01 smallei 
portion of motoi units in the antagonistic muscles 

The pioblem, as discussed by Andiews 13 on the lespnatory 
displacement of the larynx, “How is the balance maintained’” 
has not yet been explained satisfactorily The continued 
activity of the laryngeal muscles dui mg lespnation aftei the 
detachment of the tiachea and the gieat increase in activity 
when dyspnea was pioduced, indicate that the position or 
movements of the coids aie not passively determined by the 
foice of an cunent thiough the glottis chink 

It is said that the laryngeal muscles, as well as the muscles 
of the tongue, face and middle eai do not contain muscle 
spindles 11 Fernand and Young 5 have classed the lecuirent 
laryngeal nerve m labbits as unimodal, containing few 01 no 
pi opioceptive fibeis Campbell and Murtagh, 4 lepoiting the 
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mvanably took place, legaldless of an an flow tlnough the 
aiynx It seemed that the laiyngeal lespnatory movements 
weie not affected by local sensory information evoked by 
the foice of an cm lent 

The abolition of phasic activity m adductoi muscles caused 

oii a° n f ^ ngS ’ rep0rted by Gleen and Neil, 8 was also 
n limed (see Fig 5-A) Fig 5-B shows the effect of in¬ 
flation upon continuously discharging units Aftei stiong 

Uam ° f impulses duiln ^ mspnation 
became abolished, but, during expnation they fned as usual 
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DISCUSSION 

The filing pattern m the adductoi muscles of the larvnx 
would be regaided, accoidmgto Gesell and others, as a lapid- 
ly augmenting type chaiactenstic of the mtimsic expnatorv 
muscles, and that of the abductois as a slowly augmenting 
type charactei istic of the genuine mspnatory muscles In 
lespnatorv activity the laivngeal muscles’ 1 espouse is similai 
to that of the intrinsic lespnatorv muscles in anesthesia, 
dyspnea, and the leflex evoked bv stietch leceptois in the 
lungs It might, theiefoie, he concluded that dui mg lespira- 
tion the motoi neuiones mneiwatmg the laryngeal muscles 
aie influenced bv the respnatorv centers m a mannei similai 
to those of the genuine lespnatorv muscles 

The intrinsic laivngeal muscles exhibit a basic tonic activ¬ 
ity, as suggested bv Jackson and Jackson 1: The periodic 
widening and nan owing of the glottis is superimposed upon 
this undeilvmg muscle tone The tonic activitv m lespnatorv 
muscles is said to have a significant lole m maintenance of 
postuie, paiticulaily against the foice of giavity, but, as m 
the larynx, the foice of gravity acting on the coids might be 
so slight and negligible that it would not be uni easonable to 
suppose that movements of the coids would take place aiound 
the mid-position winch might be determined In the balance 
between these tetanic contractions m a laigei 01 smallei 
portion of motoi units m the antagonistic muscles 

The pioblem, as discussed by Andiews 13 on the lespnatory 
displacement of the larynx, “How is the balance maintained 7 ” 
has not yet been explained satisfactoi lly The continued 
activitv of the laryngeal muscles duung lespnation aftei the 
detachment of the tiachea and the gieat mciease m activity 
when dyspnea was pioduced, indicate that the position 01 
movements of the coids aie not passively determined by the 
foice of ail cunent thiough the glottis chink 

It is said that the larvngeal muscles, as well as the muscles 
of the tongue, face and middle eai do not contain muscle 
spindles 11 Fernand and Young 5 have classed the recurrent 
laryngeal nerve in labbits as unimodal, containing few 01 no 
piopioceptive fibeis Campbell and Murtagh ., 4 reporting the 
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sjh'cLi a m tin* human, goat, and <aL laivngoal him vos, i cached 
the aaim' ((inclusion It is logical to considoi that the laivn- 
;>-(>al muscles me font)oiled hv <r olfcient alone A tentative 
explanation would he that the posiLion 01 movements of the 
vocal (Olds dnnnp lamination mav he solely detei mined 
KMitially without loleience to local sensoiv feed-hack Lack 
in HeiiHo ol position ol the coals in human hemps, and Negus’ 
ohseivation that the cvcle ol icsjniatoiv movements of the 
glottis slightly pieceded the genuine lespnatoiv cvch', giving 
an mipa'ssion that eonsti k lion 01 dilation had ahcadv hecn 
pK'iiaied helore the im idence of ail flow, mav snpiioit this 
point of view 

Kegaaling the u.S(>ful a'sulfs ol lespnatoiv movements of 
the glottis, them is no douht that the efleet of widening at the 
glottis dunk at 01 just hefom inspnation is a 1 eduction of 
lesistance to an ml low ol an On the othei hand, the effect 
of the const) iction, beginning puoi to expnntion and continu¬ 
ing Ihlough it, ih HUggeHted hv l’lessnian'" to have a signifi¬ 
cance' upon the phenomenon of an mixing within the lungs 
It is widely known that ampliation is shallow and somewhat 
niegulai in case ol a lai yngoctomi/ed patient This might 
pi nimbly be due to the lack ol lesistance 01, in othei woals, 
appiopi mte "load” to an outflow of an It might he safe to 
sav that the laivngoal muscles, as well as the muscles of the 
wings of the nines and bionchi, should he called "the logula- 
Loi v muscles ol the lespnatoiv passage,” which solve to 
K'gulate the section of the lespnatoiv passage, ieducing the 
lesistance to inspned an, and giving it the appiopi mte load 
to keep lespnntion deep and legulai 

RUM M Ain 

The ('lectiical activity in live inti msic laivngoal muscles of 
the dog (lining lespualion was examined with olcctiomvo- 
giaplnc lecoidings The abductoi was active dining mspna- 
tion, while the adductois showed activity duung expuation, 
except the thvioai ytenoideus, wind) i cammed quiet tlnough- 
out th(> lespnatoiv cvcle 

The pattern of activity m the lnivngeal muscles showed 
a close similuntv to that of mtimsic mspiiatoiy muscles 
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No change m activity’ after the detachment of the trachea 
indicates that lespnatory movements of the glottis may be 
contiolled centiallv without lefeience to a local sensory in¬ 
formation Effects of lespnatory movements upon lespna- 
tion weie discussed 
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Victor Guillemin, Jr , Ph D ,f 
and 

Nicholas Torok, MD,i 
Chicago, Ill 

The photoelectnc nvstagmogiaph piesented in this papei 
is similai m its pimciple of opeiation to the mstiument de- 
scubed pieviously bv Toiok, Guillemin, and Bamothy 1 The 
equipment desenbed heie is, howevei, much lighter and moie 
compact, and mcoipoiates seveial impiovements that lesult m 
gieatei leliabihty and m simplei, quickei and moie con¬ 
venient lecoidmg of njstagmic eye motions 

The entile optical and photoelecti ic system of the new in- 
stiument is mounted upon a headband and goggle fiame 
fitted to the patient Recoidmgs may be made with the 
patient m any position, seated, in bed 01 on a 1 evolving chan 
Piepaiation of the patient foi a lecoidmg may be accom¬ 
plished in a minute 01 two so that the whole piocess of making 
a lecoid, eitliei by thermic stimulation 01 by means of the 
lotatmg chan, lequnes little moie time than the usual clinical 
pioceduie of visual obseivation of nystagmus 

The advantages of giaplncal lecoidmg aie obvious A 
giapnical lecoid shows many details that aie not obtainable 
by dnect obseivation, and an analysis of the giaph piovides 
data on the duiation, fiequency, change of fiequency, ampli¬ 
tude and foim of the nystagmus, that aie valuable both in 
clinical piactice and m vestibulai leseaich 33 

Most of the lecoi dings of nystagmus make use of the 
coineo-ietmal potential diffeienee picked up by electiodes 
placed at various positions m the immediate vicinity of the 

•Presented before the Sixth International Congress of Otolarj ngologj 
Washington D C Mai 5-10 1957 

fDepaitment of Phisiologi Unliersltj of Illinois College of Medicine 

tDepartment of Otolari ngologi Uniiersltj of Illinois College of Medi¬ 
cine 

Editors Note This manusciipt recelied in The Lari ngoscope Office and 
accepted for publication September 10 1967 
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eye The usefulness of this method is cleaily demonstiated 
m the lecent woi k of Aschan et al h w ho obtained very le- 
liable and mstiuctive nystagmogiaphs m seiial clinical in¬ 
vestigations We cannot agiee, howevei, with the statement 
of these authois that the photoelectric method has been supei- 
seded by the method of potential pick-up On the contiary, 
oui expeilence m the laboiatory and m the clinic shows that 
oui photoelectric method gi\es excellent lecoids and is most 
piacticable in terms of convenience and economv of time le- 
quiied to obtain a recoid 

As pieviously described, the instrument makes use of the 
diffeience m leflection of mfiaied light fiom the daik ms 



A B 

Fisr 1 


and the light scleia of the eye A focused beam of mfiaied 
light forms an illuminated area on the eyeball appioximately 
1 mm wide by 16 mm long, so situated that it lies partly on 
the ms and parti y on the scleia as shown in Fig 1-A Tins 
position is appiopriate foi the observation of horizontal nv- 
stagmus To lecoid veitical motions, the light beam is onent- 
ed as shown m Fig 1-B The light beam is fixed lelative to 
the patient’s head, theiefoie, any motion of the eyeball will 
vary the portion of the beam stiikmg the scleia ' Since the 
scleia has a lughei reflectivity foi mfiaied, as compaied to 
the ins, the total amount of light leflected fiom the eyeball 
will change with every movement of the eve This leflected 
light falls upon a photocell, located close to the eyeball, and 
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is conveited to conespondmg changes of electncal potential 
that aie electionically amplified and lecoided 

Fig 2 shows a schematic diagiam of the complete optical 
and electiomc equipment ananged foi lecoidmg nystagmus 
on the 1 evolving chan The same equipment is used when 
theimic stimulation is employed, except that the connections 
thiough lotatmg slip lings and stationary biuches aie un¬ 
necessary 

Immediately in fiont of the eye, which is illuminated as 
descubed, aie a pan of photocells These aie Bell laboiatory 



Slip Ring* 


Fier 2 


photovoltaic cells (sun battenes) m the foim of small flat 
lectangulai plates, 5 mm by 20 mm They aie connected 
electucally m series so that then output is additive, that is, 
they function as a single cell 

The light souice is a special piojection lamp having a 
single stiaight filament that acts directly as a souice of 
illumination A shoit focus piojection lense focuses an 
image of this filament upon the eyeball A glass mfiaied 
filter is interposed m the light beam to absoib the visible 
light of the lamp This prevents visual stimulation of the 
eye during the recording of nystagmus The filter is mount¬ 
ed m a sliding holder so that it may be moved out of the 
path of the beam for visual focusing and positioning of the 
image on the eyeball 

A 20-diopter lense is mounted dnectly befoie the opposite 
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eje to be used foi visual observation when desned, in the 
mannex of the Fienzel glass A small electiic lamp, located 
behind this lense, gets its cuilent supply fiom a poi*table 
drv cell batten' This lamp is well shielded and opeiates at 
low intensity, just sufficient to peimit visual observation of 
the eye m a daikened loom 

All the parts descnbed thus fai, with the exception of the 
dry cell batten, aie mounted on a headband and goggle fiame 
fitted to the patient’s head 

Electncal connections from the photocells on the 1 evolving 
chan to the stationaiv electionic amphfiei aie made via the 
usual slip lings, 1 evolving with the chan, and stationaiy 
blushes beaiing on these lings Two similai connections 
are used foi the electiic cunent supplv of the pibjection 
lamp This is piovided by a w ell-flltei ed low-voltage dnect 
cuirent souice that is opeiated on the 115 volt, 60 cvcle 
powei lines It is essential to opeiate the piojection lamp 
on steady dnect cunent, since the photoelectric system is 
fast enough to lespond to the 120 cvcle pei second light in¬ 
tensity fluctuations of a lamp opeiatmg on alternating cui- 
lent This dnect current souice is controlled by a switch 
having a “low” intensity position, used while focusing the 
beam on the eye, and a “high” position used when the mfia- 
led filtei is moved into the light beam 

The ampliflei is of the a c type with a flat fl equency 
lesponse over the lange of one-half to 200 cycles pei second 
Tins range is adequate foi recoidmg piactically all types of 
nystagmus, both spontaneous and induced, without appreci¬ 
able distortion The amplifier is piovided with an electronic 
limitei that pieients excessive output signals due to blinking 
oi large voluntary eye movements The amphfiei actuates 
a commercial pen lecoidei having a fiequency lesponse lange 
of zero to approximately 100 cycles pei second The recoidei 
thus limits the oveiall uppei fi equency response of the equip¬ 
ment 

The actual construction of the headband, goggle fiame and 
optical equipment, is shown m Fig 3, winch shows both a 
fiont and back view The housing foi the piojection lamp, 
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lense and mfiaxed filtei m its leti actable slide is shown to 
the left of the fiont view This whole assembly is mounted 
as a unit, m a sliding and lotatmg ball-and-socket joint that 
peimits axial motion foi focusing and also angulai lotation 
In addition, the optical assembly may be tilted m all dnec- 
tions foi adjusting the beam to its piopei position on the 
eyeball All these adjustments aie fixed by tightening a 
single thumb nut Fuithei adjustments aie piovided foi 
headband size and nose configuiation 

The Fienzel glass, togethei r with its small illuminating 
lamp, is mounted on the opposite side of the goggle fiame, 
and both the Fienzel glass and the optical assembly aie 
mounted upon cnculai metal discs that fit into semicirculai 
openings in the goggle fiame They aie held m place by 
thumb sciews and aie easily removable fiom the goggle 
fiame so that then positions may be mteichanged, that is, 
the light beam may be positioned on the light eye with the 
Fienzel glass befoie the left eye, 01 vice veisa 

The leai view of the goggle fiame shows the piojection 
lense with the two photocells befoie it, and the small lamp 
of the Fienzel glass Fig 4 shows the appaiatus fitted to 
the patient’s head 

The two photocells, as stated above, act as one Actually, 
one cell would suffice, howevei, because of the gieat vana- 
tion of head and nose sizes and shapes, the light beam may 
fall upon the eyeball m a slightly upwaid 01 downwaid slant¬ 
ing dnection with vanous patients so that the leflected beam 
is dnected 1 espectively, somewhat downwaid 01 upwaid In 
eithei case, one 01 the othei of the two cells will be well 
illuminated by the reflected light Thus, with two cells, the 
adjustment of the beam is less cutical, and may be accom¬ 
plished quickei and moie easily 

Tlie lotatmg chair (see Fig 5), used with the above equip¬ 
ment, was assembled at low cost and is adequate foi loutme 
clinical tests It has an electiical variable speed duve giving 
a lange of angulai velocities of the chan fiom 2 5 to 90 de¬ 
grees pel second (0 42 to 15 turns per minute) m eithei 
direction of lotation There is no adjustment foi angulai 
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acceleration 01 deceleration The chan leaches full angulai 
velocity, upon starting, in about two seconds, and is stopped 
by a hand biake in less than one second 

Calibiation of the equipment, in millimeteis of pen evcui- 
sion pel degree of eye deflection, is accomplished by means 
of a simple penmetei (see Fig 5), having two small neon 



Fig 4 


lamps that may be positioned at vanous angulai sepaiations 
as measured at the patient’s eye, fiom 5 to 30 degiees of aic 
A hand switch shifts the illumination quickly fiom one lamp 
to the othei, and the patient is instiucted to follow the light 
with his eyes while keeping his head at lest 

The whole equipment is inherently lineai m lesponse to 
well within its limit of piecision, which is about 0 2 mm foi 
visual measuiement of the pen lecoid This degree of line- 
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anty is found m the output of the photocell, m the lesponse 
of the amplifiei, and in the e\cuision of the pen leeordei, 
howe\ei, when canning out a calibiation on a given patient 
theie is a laige factoi of uncertainty, depending upon the 
piecision with which he can follow r the appaient motion of 
the light on the penmetei A tiamed and coopeiative sub- 



FIs 5 


ject can xepeat successive ej e movement foi the same perime¬ 
ter setting within about 2 pei cent, but an untiamed oi un- 
coopeiative patient may vary his eye motion as much as 10 
or 20 pel cent at the same setting In such cases only a very 
rough calibiation can be accomplished 

The oveiall sensitivity is ample for all lecoi dings A mo- 
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tion amplification of twenty to one is obtained leadily, that 
is, a lmeai motion of 0 5 mm at the sui face of the eye may 
pioduce a pen excuision of 10 mm Thus it is possible to 
lecoid nystagmic motions so minute that they would not be 
noted by visual obseivation of the eye 

Photoelectiic lecoi dings of nystagmus has been descubed 
and used successfully by Pfaltz and Richtei 5 The pnnciple 



Fig 6 N> stagmograms of Various Types Fl\e horizontal bars repre¬ 
sent l sec time 1 Spontaneous mstagmus small amplitude constant 
rrequencj 2 Postrotatorv nystagmus obtained through the electricallv 
driven chair 45 /sec velocitv and sudden stop total duration within 
normal limits n y 0ta 6Tnus frequency elevated 3 Postrotnton nystagmus 
obtained under identical conditions as graph No 2 total duration normal 
u? r ?ri " /r eqi i. en<rv but larger amplitude 4 Thermic njstagmus obtained 
dv iu cc 68 of v\ ater even amplitude normal frequencv the one irregular 
SToVnf. 0n do ^\ nwar< lo 1 ? the result of a blinking of the evelids 5 Thermic 
HmVwF mUS 10 cc 68 i lar ser and uneven amplitudes frequency 

within average normal limit 


of opeiation of then appaiatus is, however, somewhat dif- 
feient They illuminate the entile aiea of the ins plus the 
neai adjacent areas of the scleia on both sides of the ms 
Two photocells, positioned lateially and connected m opposi¬ 
tion, so that then output potentials aie opposed, recoid the 
simultaneous and opposite changes of illumination on both 
sides of the iris when the eye moves 
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With the use of a focused light beam as descnbed heie, 
only one ms-scleia boundary is illuminated It is thus pos¬ 
sible to make lecoidings of fust degree nystagmus vheie the 
eye is deflected so fai to the side that one edge of the 111 s 
is occluded by the eyelids When both second and fust de¬ 
gree nystagmus is to be lecoided m succession, the beam may 
be so positioned that one 01 the othei edge of the ms lies 
well within the beam both m the forward and the sideways 
deflected position of the eye 

The photoelectnc study of nystagmus lequnes that the 
eye be held open dunng the actual time of recoidmg This 
does not appear to have any effect upon the nystagmic re¬ 
sponse when the patient is m a daikened 01 dimly lighted 
loom The opened eye is, of couise, lequned in any case 
where the leeordmg is to be checked by simultaneous ob¬ 
servation tlnough the Frenzel glass Actually this means 
of observation was piovided in the present apparatus pri- 
manly to check its opeiation during the development and 
testing peiiod The lecoider has pi oven so leliable that 
visual observation is seldom used in loutme clinical tests 

Fig 6 shows seveial typical records obtained with the 
photoelectric nystagmograph 

SUMMARY 

This paper describes a photoelectnc n>stagmogiaph, using 
invisible mfiared light, suitable foi lecoidmg all types of 
nystagmic eye motions, except puie lotatory nystagmus It 
is particularly well adapted for loutme clinical tests with 
thermic 01 lotatory stimulation, but is also suitable foi physio¬ 
logical research It piovides very leliable records that show 
all the details of form, amplitude, frequency and duration of 
the vestibular leaction 

The appaiatus composes a headband and goggle fiame, 
fitted to the patient’s head, upon which the optical and 
photoelectnc equipment is mounted This is connected to 
an electronic amplifier and pen recoider that supplies an 
immediate pen record of the nystagmus 

The recording is conducted m a dimly lighted room The 
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motions of one eye supply the mfiaied light signals foi the 
lecoidei The othei may be observed simultaneously, if de- 
sned, thiough a 20-dioptei lense m the Fienzel method 

By a simple opeiation the optical assembly and the Fienzel 
glass may be intei changed so that eithei eye may be used 
to supply the lecoid 

In clinical use, lecoi dings may be made m only a few moie 
minutes of time, and with no moie discomfoit to the patient 
than m the usual pioceduie of visual observation of nystag¬ 
mus 
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EUSTACHIAN TUBE BIOPSY CANNULA 


Mahmoud K Muftic, M D ,* 

Basiah, Iiaq 

Tubal obstiuction usually affects the nasopharynx m vaii- 
ous ways langmg fiom acute and chionic inflammation of 
the adenoids to benign neoplasm and hvpertiophv of the naso¬ 
pharyngeal tissues 



Fig 1 Huftlc s Biopsy Cannula for Eustachian Tube 


The usual pioceduies foi investigating the cause of tubal 
closure, posterior lhmoscopy, nasophaiyngoscopy, tubal in¬ 
sufflation, etc, weie not productive of piopei analysis m the 
case in question, consequently it was necessary to establish 
a simple routine procedure which would permit biopsy fiom 
the tubal orifice and fiom Rosenmullei’s fossae, thus giving a 
histopathological diagnosis of the obstruction 

•King Fassatl Royal Hospital Basrah 

,_,T hls manuscript receUed In The Laryngoscope Office and 
accepted for publication June 16 1967 
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MUFTIC NEW INSTRUMENT 


To simplify the technique, an mstiumentf foi obtaining 
specimens foi biopsy was designed in the shape of a Eustachi¬ 
an tube cathetei adaptable to a B-D syimge (LL) The end 
piece may be of two diffeient types lesemblmg the endo- 
metnal cannula-cuiette accoidmg to Raydal and Novak, but 
of a smallei size 

This cannula-cuiette is mtioduced by the same technique 
as m oidinary cathetei ization of the Eustachian tube The 
cathetei is mtioduced (with 01 without local anesthesia), 
and when it is engaged m the tubal onfice 01 well m Rosen- 
mullei’s fossa, stiong suction is applied by aspnatmg the 
syimge 01 adapting cannula to a suction unit Aftei com¬ 
plete suction, the cannula is withdiawn and the tissue is 
removed fiom the cannula by stiong insufflation, and placed 
m the piopei fixing solution 

The stam for the small biopsy is made accoidmg to Papani¬ 
colaou, and thickei pieces aie embedded foi lnstopathological 
investigation by the usual staining techniques 

tThese Instruments are made from mj design bj Down Bros and Jlajer 
and Phelps 92 Borough High Street London SE 1 to whom I am most 
grateful 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

The Annual Spimg Meeting of the Amenean Society of 
Facial Plastic Surgery will be held March 10-11, 1958, at 
Columbus, Ohio For furthei details write Dr Samuel M 
Bloom, Secietaiy, 123 East 83id Street, New York (28), 
N Y 
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Bionchoscop\, when introduced into clinical piactice about 
the turn of the Centui\, w as employed chiefly foi lemoval of 
fo ieig n bodies In the couise of vears, the use of diagnostic 
bronchoscopy has steadily mcieased 

Bi onchoscopy, earned out m deficient anesthesia, is an 
extiemelv disagreeable experience to the patient, moieover, 
the diagnostic value of bionchoscopv in a patient offenng 
lesistance is doubtful, and finally, bronchoscopy undei such 
cncumstances involves a risk of injury 

Endeavois have, theiefoie, been made to find a satisfactoiv 
method of anesthesia, but the multiplicity* of pioposals proves 
the difficulty of the task The mam troubles are that the 
anesthetist and the siugeon voik m the same field and, theie¬ 
foie, easily 7 get m each othei’s wav, and that the field con¬ 
cerned is sensitive with very 7 busk leflexes 

Formerly, the choice lav between local and geneial anes¬ 
thesia, the lattei m the fonn of inhalation anesthesia With¬ 
in lecent y 7 eais a numbei of methods, new m pi mciple, have 
been mtioduced We have found it appiopnate to trv some 
of these m piactice and attempt to assess then usefulness 

The demands to be made on an ideal method aie the follow¬ 
ing 


•From the Finsen Institute Copenhagen Anesthesiologv Department 
■ R,ul3en ^*D ) an d ENT Department (Head H Rasmussen 

Editors Note This manuscript receded in The Laryngoscope Office and 
accepted for publication Xov 20 1957 
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1 A minimum of usk to tlie patient 

2 Removal of discomfort to the patient 

3 Undistuibed woikmg conditions foi the suigeon 

k Simplicity of technique and appaiatus 

5 A slioit lestoiation penod (of paiticulai impoitance m 
cases of out-patients) 

Local anesthesia, with oi without piemedication, was pievi- 
ously the most fiequently employed method foi adults, and is 
still used m some cases With lefeience to the above-men¬ 
tioned demands, it is seen that 

1 The method, on the assumption of adequate dosage, ful¬ 
fills the lequuement of safety 

2 In few cases only does it lemove the discomfort to the 
patient 

3 It laiely lendeis possible undistuibed examination In 
cases of neivous patients it is impossible to cairy tliiough 
bionchoscopy m local anesthesia alone 

h The technique is simple 

5 It is suitable foi out-patients 

In cases unfit foi local anesthesia inhalation anesthesia was 
pieviously the only othei possibility Examination then had 
to be perfoimed duung the lestoiation penod, aftei the dos¬ 
age had been stopped The examination lequnes deep anes¬ 
thesia The degiee of the consequent depiessed lespnation 
and a possible cyanosis aie difficult to follow dunng endo¬ 
scopy m a daik 100 m The anesthetist will often have to 
mteivene while the suigeon is at work, eithei to ventilate 
with oxygen oi to add a supplementaly amount of ethei, for 
instance In case of difficulty with the mtioduction of the 
bionchoscope, a laiyngeal spasm may occui, which will often 
start a senes of unpleasant complications Regaidmg the 
above-mentioned demands we have found that 

1 The method is not without nsk 
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2 The discomfort of bionchoscopy is leplaced by discomfort 
of anesthesia 

3 The suigeon cannot woik undisturbed 

4 The technique certainly is simple, but it is difficult to 
manage m practice 

5 The lestoiation penod is fanly long, and the method, 
therefoie, is unfit fox out-patients 

The only cases where inhalation anesthesia may be indi¬ 
cated aie those of bionchoscopy m children, wheie the modern 
forms of geneial anesthesia may be difficult to admmistei 
In cases of childien with obstiuetmg or potentially obstiuct- 
mg foieign bodies m the an passages any kind of geneial 
anesthesia must be legalded as contra-indicated Non-ob¬ 
structive foieign bodies in the an passages of childien can 
often be lemoved m vinyl ether-and-ether anesthesia, but 
an excellent method has been indicated by Tokei, using 
thiopental-sodium and succmyl-cholme-iodide, and cun ass 
lespiratoi (vide mfi a) 

MODERN ANESTHETIC METHODS 

A Local anesthesia suplemented by general analgesia, ob¬ 
tained with pethidine intiavenously 

B General anesthesia obtained with baibituiates supple¬ 
mented by short-acting relaxants 

A Local Anesthesia Supplemented by Pethidine Medication 

A pievious investigation showed that endoscopy thiough the 
pharynx, including bionchoscopy, could be gieatly facilitated 
by injecting pethidine intiavenously, due partly to the de- 
pi essmg effect of pethidine on the laryngeal and pharyngeal 
leflexes, and partly to the mentally relaxing and pam-stilling 
action of pethidine m the doses used, an action which may be 
chaiacterized as one of geneial analgesia Not mfiequently 
theie is found amnesia with legald to discomfort of the 
examination 

The method has now been employed foi bionchoscopy m 
moie than 400 cases at the Fmsen Institute during the past 
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six yeais, with an exceedingly favoiable lesult With lefei- 
ence to the pieviously mentioned demands we have found 
that 

1 The usk involved must be supposedly less than that of 
local anesthesia alone, as the amount of anesthetic, if pethi¬ 
dine is used, can be 1 educed Oximetiy shows that the ie- 
duction of the oxygen satuiation m cases with pethidine 
medication is slight, being of the same oidei as at bioncho- 
scopy in local anesthesia alone, wheie a 1 eduction occuis 
when the bionclioscope causes obstiuction, eg, when it is 
mtioduced into one of the bionchi This can possibly be 
explained by the ivay in which the depiessmg effect of pethi¬ 
dine on the lespnation is abolished by the stimulating effect 
of the mtei vention itself 

2 Pethidine gieatly i educes the discomfoit to the patient 
Reactions in the foim of nausea aie laie, the skm occasion¬ 
ally becomes pale and slightly moist, but the blood piessuie 
does not fall, and theie is seen only the rainoi use in pulse 
late which conesponds to the paiasympathicolytic action of 
pethidine Libei ation of histamine with tiansitoiy ledness 
along the couise of the vein has been seen in a few instances, 
but no bionchospasms oi collapse 

8 By employing local anesthesia it has, in the gieat ma- 
jonty of cases, been possible to cany thiough undistuibed 
and thoiough bionchoscopy, most often including the taking 
of biopsy specimens and use of the telescope 

U The method is simple and, if necessaiy, can be piacticed 
by the suigeon alone, aided only by a nuise to watch the 
patient dunng and aftei the opei ation 

5 The method is suitable foi out-patients, the majonty 
of whom can lesume then daily woik aftei a few houis’ lest 
Aftei lemoval of the bionchoscope the cough leflexes will 
suffice to bung up any blood oi mucus 

Technique 

We used between 50 and 200 mg (on an aveiage about 100 
mg ) pethidine m a 1 pei cent solution A good technique of 
local anesthesia is lequned to obtain a favoiable lesult 
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Aftei caieful spiaung of the mouth and thioat, 8 to 10 ml 
of one-half pei cent pontocame with adienahne 1 200,000 can, 
with advantage, be injected m between the vocal coids bv 
means of a sviinge fitted w r ith a blunt, curved cannula, whicli 
can be passed down behind the epiglottis of the sitting patient 
The cough pioduced bv the application will spiead the injected 
pontocame in the tiachea and bionclii 

Intia\enous injection of pethidine is tlieieaftei started, 
up to 50 mg is given within about 30 seconds, and aftei - 
waids supplemented accoidmg to lequnement Maximum 
lesponse to intiavenously injected pethidine is obtained aftei 
a few minutes 

B Geneial Anesthesia 

The use of baibituiates combined with lelaxants w r as fust 
descnbed about foui veais ago, and vanous modifications of 
the technique have alieadv been suggested These lepiesent 
diffeient solutions of the essential pioblem of owgenation 
dunng the induced apnea 

Evaluation of the baibituiate-ielaxant method with legaid 
to fulfillment of the stated demands has shown that 

1 The method involves a much gieatei usk to the patient 
than local anesthesia plus pethidine method, because it le- 
qunes a faultless functioning of a lathei complicated tech¬ 
nical appaiatus, as well as an ideal, piefeiably firmly estab¬ 
lished coopeiation of suigeon and anesthetist 

Failuie of a link m the pioceduie, eg, a block in the mtia- 
venous cannula, leakage oi stoppage of the oxygen supply, 
tiouble with the introduction of the bionchoscope, etc, may 
within a very shoit time cause complications, which m the 
daik loom may be difficult to lecognize and tieat sufficiently 
eaily Expenence will l educe the incidence of such compli¬ 
cations, but the risk is always piesent We have seen no 
seveie complications m oui senes, but a few times interrup¬ 
tion was necessary due to technical difficulties involving a 
nsk of hypoxia 

2 The discomfort to the patient befoie and dunng the 
opeiation has been eliminated The discomfort following the 
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intei vention is piobably somewhat gieatei than aftei local 
anesthesia supplemented by pethidine mtiavenously 

3 The method yields veiy good conditions of opeiation, 
varying with the different modifications, (xnde infra) 

U The method lequnes the assistance of a specialist in 
anesthesia 

5 The lestoiation penod is sufficiently short to lendei 
the method seiviceable foi out-patients 

The vanous punciples of oxygen supply and the techniques 
employed will be buefly leviewed 

I Intel mittent ventilation has been suggested by Chuichill- 
Davison, among otheis Piemedication with morphine and 
atiopine is given Aftei mtiavenous injection of 300 to 500 
mg thiopental sodium and 60 to 75 mg succmylcholme iodide, 
hypei ventilation is earned out foi 30 to 60 seconds, with 
puie oxygen by means of mask and bag The vocal colds 
aie theieaftei spiayed with a local anesthetic (This has 
been done m all modifications of thiopental and succmyl- 
choline anesthesia foi bionchoscopy, because the lelaxant 
effect vanishes pnoi to the effect of the baibituiate, so that 
without local anesthesia lemoval of the bionchoscope will 
often be followed by violent coughing and laryngeal spasm) 
The bronchoscope is then mtioduced, while at the same time 
the patient is ventilated with oxygen as often as possible, 
thiough a cut lubber tiacheal cathetei, passed so fai into 
the Negus bionchoscope that it fits airtight 

Oximetiy shows that adequate oxygenation can be main¬ 
tained m this way Such fiequent ventilations m the bioncho¬ 
scope aie veiy inconvenient to the suigeon, but they can, to 
a gieat extent, be done dui mg mteivals of examinations, 
while the suigeon is changing optical instruments, oi the like 

The method takes a certain account of the Co 2 elimination, 
being, theiefore, fit to be used ovei a fauly long penod, 
piovidmg cuiacite is constantly added foi the purpose of 
maintaining apnea Supplementary doses of a baibituiate 
aie laiely necessary, when the examination does not extend 
beyond 15 to 20 minutes 
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II The oxygen diffusion method has been proposed by 
Barth for bronchoscopy This method starts with ventilation, 
using oxogen for three to fixe minutes, without reinhalation 
of previously exhaled air (one-v ay-valx e), whereby the nitro¬ 
gen of the pulmonary air is replaced by oxygen Thereafter 
the barbiturate and relaxant are given, until complete apnea 
has occurred, which is maintained throughout the interven¬ 
tion During the bronchoscopy pure oxygen is conducted 
through a lateral tube m the bronchoscope with side holes 

We found that, using this method, a constant maintenance 
of apnea is necessary, because otherwise the oxygen m the 
lungs will be "diluted” agam with nitrogen, and the oxygen 
diffusion to the blood thus be reduced 

Oximetry showed satisfactory values, providing the above 
requirements are met As, however, no Co, is eliminated by 
this procedure, apnea lasting more than 15 minutes involves 
a risk of Co. intoxication, cf Barth’s own statement after 
pCo. measurements 

III The insufflation method has been mentioned by 
Cheatle and Chambers, and others After administration of 
barbiturate and relaxant, the patient’s lungs are ventilated 
two or three times with pure oxygen The bronchoscope is 
then introduced, and about one liter of oxygen per minute is 
conducted through a thin catheter passed down to the canna 

The method was found suitable for very short examinations 
only (Cheatle and Chambers themselves stated five, or ten 
mmutes at most), because the oxygenation is not reliably 
effective, and Co. is accumulated 

IV The cuirass respirator method has been indicated by 
Toker, and Green and Coleman After administration of a 
barbiturate, a previously fitted respirator cuirass is placed 
on the patient's thorax and abdomen, and one makes sure that 
the respirator functions to satisfaction Then a relaxant is 
given, and it is controlled so that the respirator takes over 
the patient’s respiration in a satisfactory way If so, the 
anesthesia can be continued as long as is desirable, affording 
ideal and undisturbed working conditions for the surgeon 
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In stocky, fat patients, as well as in patients with a stiff 
emphysematous thoiax, it has been found difficult and m 
some cases impossible, to obtain sufficient change of an by 
this method 

The appai atus being laige and expensive, the method is 
usually employed m special waids 

V The ventilation bionchoscape has been constiucted by 
Mundnich and Hoflehnei, and its use has been descubed by 
Kjaei, among otheis It is a Negus bionchoscope, piovided 
with side holes at the distal end, so that both lungs aie venti¬ 
lated, even with the bionchoscope passed down into one 
bionchus The uppei end can be closed by a glass pane 
Tluough a side inlet close to the uppei end of the bioncho¬ 
scope the patient can be ventilated with gases fiom an oidi- 
nary anesthesia machine 

The patient’s lungs can thus be ventilated thiough the 
bionchoscope duung the whole penod of bionchoscopy If 
airtight closing lound the bionchoscope is desued, this can 
be obtained by manual piessrag of the soft tissue above the 
larynx against the bionchoscope Duimg piolonged bioncho¬ 
scopy it is an advantage to be able to ventilate with a mtiogen 
oxide mixtuie, foi instance, which allows 1 eduction of the 
theopental sodium amount used and msuies the patient’s 
lemammg asleep 

When a telescope is used, the glass pane can be leplaced 
by a lubbei diaphiagm, thiough which the telescope can be 
passed airtight Biopsy specimens cannot be taken simultane¬ 
ously with the ventilation, but can be taken duung a pause m 
this, especially if the patient has been hyperventilated m 
advance 

The method is suitable foi bionchoscopies wheie piolonged 
and undistuibed examination is desued, eg, m the teaching 
of diagnostic bionchoscopy, but it is unsuitable foi bioncho¬ 
scopies for the puipose of taking biopsy specimens 

CONCLUSION 

The practical lesult of oui investigations, m connection 
noth testing of the vanous methods, is that we still piefei 
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local anesthesia supplemented bv pethidine medication as 
standaid method, especially m cases of old and very sick 
patients, wheie this method is supposed to involve the least 
usk A few patients with veiy busk leflexes, 01 very nei- 
vous patients, m v, horn it has been found impossible to intro¬ 
duce the bionchoscope aftei local anesthesia plus pethidene, 
we piefei to anesthetize with baibituiate and lelaxant, and 
use ventilation bionchoscope 01 , when biopsy has to be made, 
the cun ass lespnatoi method In cases wheie anatomical 
conditions lendei examination in local anesthesia plus pethi¬ 
dine difficult, eg, a short stiff neck, long teeth, 01 the like, 
one must, howevei, be piepaied foi difficulties, also when 
emplojmg the method with baibituiate and lelaxant 

SUMMARY 

Eaily and modem methods of anesthesia foi bionchoscopv 
have been leviewed, with lefeience to oui expenence m then 
use 

Local anesthesia supplemented by pethidine inti avenously 
has been found satisfactory, the method being fanly safe, 
easy to cany out, and yielding sufficiently good opeiative 
conditions m the gieat majonty of patients 

Geneial anesthesia, using baibiturates and short-acting 
lelaxants, yield ideal conditions of opeiation, but has been 
found to involve a gieatei nsk to the patient 
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In stocky, fat patients, as well as in patients with a stiff 
emphysematous thoiax, it has been found difficult and m 
some cases impossible, to obtain sufficient change of an by 
this method 

The appaiatus being laige and expensive, the method is 
usually employed m special waids 

V The ventilation bo onchoscope has been constiucted by 
Mundmch and Hoflehnei, and its use has been descubed by 
Kjaei, among otheis It is a Negus bionchoscope, piovided 
with side holes at the distal end, so that both lungs aie venti¬ 
lated, even with the bionchoscope passed down into one 
bionchus The uppei end can be closed by a glass pane 
Thiough a side inlet close to the uppei end of the bioncho¬ 
scope the patient can be ventilated with gases fiom an oidi- 
nary anesthesia machine 

The patient’s lungs can thus be ventilated thiough the 
bionchoscope dm mg the whole penod of bionchoscopy If 
airtight closing lound the bionchoscope is desned, this can 
be obtained by manual piessing of the soft tissue above the 
laiynx against the bionchoscope Duimg piolonged bioncho¬ 
scopy it is an advantage to be able to ventilate with a mtiogen 
oxide mixtuie, foi instance, which allows 1 eduction of the 
theopental sodium amount used and msuies the patient’s 
lemammg asleep 

When a telescope is used, the glass pane can be leplaced 
by a lubbei diaphiagm, thiough which the telescope can be 
passed airtight Biopsy specimens cannot be taken simultane¬ 
ously with the ventilation, but can be taken dui mg a pause m 
this, especially if the patient has been hypei ventilated m 
advance 

The method is suitable foi bionchoscopies wheie piolonged 
and undistuibed examination is desned, eg, m the teaching 
of diagnostic bionchoscopy, but it is unsuitable foi bioncho¬ 
scopies foi the puipose of taking biopsy specimens 

CONCLUSION 

The piactical lesult of oui investigations, in connection 
with testing of the vanous methods, is that we still piefei 
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oxgans, particulaily of the tongue Voice is pioduced by 
vibiation of the vocal coids m the laiynx In addition to 
these scientifically conect definitions, indicated as such by 
different typesetting, Webstei explains othei usages, includ¬ 
ing then inteichangeable meaning as synonyms 

The voice is one of the audible functions of the larynx, in 
paiticulai of the vocal coids It is this act of phonation 
which makes human speech suitable foi audible communi¬ 
cation Expiessed m the teims of the acoustic engmeei, 
the voice lepiesents the camei wave In furthei analogy 
to the supei imposition of the vibiations of speech 01 music 
by amplitude 01 frequency modulation of the ladio camel 
wave, the acoustic chaiactenstics of the speech sounds 
01 vocal timbeis aie added to the laiyngeal \oice by the 
articulatoiy movements of the speech oigans 

Following this technical example, we may compare the 
disoideis of human communication to a distuibance m a 
ladio station If the matenal to be bioadcast is lacking, 01 
if the peifoimeis fail foi any leason, the diffusion of ideas 
by language 01 music will be deficient On the othei hand, a 
failure m the acoustic system of miciophones, cables, and 
amphfieis intei feies with the piopei modulation of the cai- 
nei wave, causing distortion 01 umntelligibility of singing 
and speech Finally, when the emitteis of the camei wave 
bieak down, no ladio signal will be on the an to cairy the 
audio frequencies pioduced by the performing speakeis oi 
smgeis It is this function of the human voice as a camei 
wave foi the modulation of speech sounds by articulation, and 
thus foi the audible expiession of thoughts, which will be 
consideied m this papei 

LARYNGEAL PATHOLOGY AND PHONATION 

The voice can be impaiied by many abnormal conditions 
of the larynx These may be acute, like infections, 01 chronic, 
like peimanent changes m structuie, further, they may be of 
peripheial origin, such as m laryngeal injury, 01 of central 
origin, as a lesult of some biam pathology Pieviously, one 
used to diffeientiate also between organic lesions, which 
would be lecogmzable by some changes m structuie 01 



DYSPLASTIC DYSPHONIA 
Minor Anomalies of the Vocal Cords Causing 
Persistent Hoarseness 

Godfrey E Arnold, M D, 

New Yoik, N Y 

THE SIGNIFICANCE OF THE VOICE FOR COMMUNICATION 

Speech is the fundamental pieiequisite foi the intellectual 
development and the social mtegiation of man Due to its 
complex natuie and to the manifold lelations between speech 
and all phases of human activity the study of speech is shaied 
by a laige numbei of vanous sciences Ranging fiom acous¬ 
tics to zoology, almost eveiy science shows a well-defined 
intei est in some pioblems of speech and advances the com¬ 
posite knowledge by specialized conti lbutions 

This vanety of scholastic viewpoints pioduced many defini¬ 
tions of the teims dealing with speech Since scientific 
terminology is fully coveied by the disciplines of linguistics, 
01 speech psychology, theie is no need to discuss it here, 
howevei, the common usage of these terms deviates fiom 
academic pailance Let us fust clarify some of these dis¬ 
ci epancies, paiticulaily with legald to the concepts of lan¬ 
guage, speech, and voice 

Language is defined m Webstei’s dictionaiy as the genenc 
teim, denoting m its most extended use any mode of conveying 
ideas Tongue is the Anglo-Saxon teim foi language, especial¬ 
ly for spoken language Speech refeis to oial communication 
and represents the faculty of expressing thoughts by audible 
woids 01 articulate sounds 

Ai ticulatvon is the utteiance of the elemental y sounds of 
a language by the appropriate movements of the speech 

•Road at the First Symposium on Human Communication held at the 
National Hospital for Speech Disorders In April 1956 

tFrom the Diagnostic Ser\lces (G E Arnold M D Clinical Director) 
of the National Hospital for Speech Disorders (D nwood Hea\ er M D 
Director) 

Editors Note This manuscript received In The Laryngoscope Office and 
accepted for publication Nov 15 1957 
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lemamed isolated conti lbutions to the then obscuie con elation 
of stiuctuial pecuhanties with losses of function, no geneial 
conclusions could be diawn Aftei sufficient evidence had 
been accumulated it is now possible to arnve at a piecise 
diagnosis in most of these cases 

As usual, the case history assists m the diffeientiation of 
congenital and acquned conditions, and in addition, may 
piesent indications of heieditary 01 post-mutational types 
Routine otolaryngologic examination establishes the absence 
of infections 01 tiaumatic ailments If necessary, the cus¬ 
tomary laboratoiv and X-iay studies help to lule out geneial 
diseases Moie important is the conoboiation of letaided 
physical matuiation, hormonal imbalance, 01 constitutional 
debility by similai findings m othei parts of the body When, 
finally, the finding of a congenital laryngeal abnormality 
can be con elated with the piesentmg vocal disoidei, the 
diagnosis of dysplastic dysphoma, due to developmental 
hypoplasia of certain parts of the larynx, can be established 
with certainty 

The psychological leport is less helpful m such cases, foi 
it is difficult to distinguish which part of the psychologic 
deviations, if piesent, aie due to the secondary leaction of 
the individual to his disability, and which part may have 
been of pumaiy conti lbuting significance Sometimes, how- 
evei, the psychologist leports mfantihstic signs which then 
agiee well with the concept of a psycho-somatic letaidation 
of the emotional and physical development 

MINOR LARYNGEAL MALFORMATIONS 

Since the larynx is a single oigan whose two halves pertain 
to the two sides of the body, it is easy to undei stand that the 
slightest lnegulanty m the development of eithei side will 
remain peimanently visible m the foim of asymmetiical 
configuiation In fact, laryngeal asymmetry had been fie- 
quently described by the oldei authois An abundant vanety 
of such obseivations had been analyzed m the encyclopedic 
leview by Beck and Schneidei (1926) They demonstrated 
that any part of the larynx may be the seat of congenital 
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motility, and functional disoideis, which would leave the 
stiucture intact while deiangmg the audible function 

Similaily to othei medical specialties one has lately lecog- 
nized that no such artificial division can be made Some¬ 
times maiked stiuctuial abnoimalities may be associated 
with excellent vocal function In othei cases seveie functional 
losses aie piesent m a laiynx which appeals noimal to the 
eye Between these two extiernes aie found the laige ma- 
jonty of cases showing a combination of these two obseiva- 
tions, moieovei, the advances of bio-chemical and physiologic 
leseaich demonstrate well-defined abnoimalities m such dis¬ 
eases which weie hitherto legalded as functional Schizo¬ 
phrenia is an example Hence, one piefeis to classify 
diseases accoidmg to then etiologic causes, at least as fai as 
piesently distinguishable With legald to vocal pathology, 
mci easing usage is made of an etiologic teimmology, which 
has leplaced the oldei symptomatologic classifications 

DYSPLASTIC DYSPHONIA 

In a laige centei foi voice and speech disoideis the ex¬ 
ceptional cases aie moie fiequently seen than m a legulai 
clinic for eai, nose, and thioat diseases Foi this leason, 
we encounter a lelatively laige numbei of patients whose 
hoarseness has been noticed since eaily childhood Othei s 
noticed the onset of then chionic vocal disability at the time 
of puberty Occasionally, such patients also lepoit that 
some of then neai lelatives seem to have a similar disability 
It would, theiefoie, appear that theie exist heieditaiy, con¬ 
genital, and post-mutational types of chionic hoaiseness 

Laryngoscopic examination of these patients fiequently 
reveals mmoi anomalies of the laiynx While the well-known 
signs of the common laiyngeal diseases aie absent, one finds 
a gieat vanety of stiuctuial abnormalities These affect 
the dimensions, proportions, lelative positions and the bi- 
lateial symmetry of all laiyngeal parts In previous yeais 
such findings weie often reported in gieat detail Obviously, 
the authors hoped to coil elate then visible findings with the 
audible disoideis of the voice While those observations 
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Fig 1 Congenital Malformation and Asymmetry of the Palate 


congenital hypoplasia of the right vocal cord, one associated 
with hypoplasia of the light side of the tongue All thiee 
patients suffered fiom congenital dysplastic dysphonia This 
combination of laryngeal and lingual asymmetry had also 
been investigated by Motta In a monogiaph on the accessory 
chambeis of the larynx, Bartels compaied the human anom¬ 
alies with the anatomical findings m piimates and othei 
mammals 

Arnold (1947) gave a detailed analysis of a severe laryn- 



146 


ARNOLD DYSPLASTIC DYSPHONIA 


malformations Vocal distuibances aie to be expected pai- 
ticulaily when the vocal coids aie affected Othei regions 
may also distuib the voice 01 add pathologic noises to expna- 
tion One example is the pseudo-synnx descubed by Jackson 
and Jackson This is a subglottic stenosis of the tiachea 
which causes dyspnea and a ciowmg sound on coughing 

As is well-known, the vocal coids peifoim the vibiations 
which pioduce the pumary laiyngeal voice Any megulanty 
m the length, bieadth, thickness, specific weight, musculai 
development, position, insertion, motility and conti actility, 
m short any asymmetry m the physical pioperties of the vocal 
coids must affect the acoustic qualities of the voice 

Rekei published, m 1938, a detailed phomatnc study of the 
con elation between minoi laryngeal abnoimalities and pei- 
sistent vocal disabilities He came to the conclusion that 
some of these conditions aie heieditaiy, otheis aie simply 
piesent since birth and aie called congenital, a thud gioup 
appeals aftei puberty, appaiently being due to a maldevelop- 
ment of the infantile into the adult laiynx, which would 
lepiesent a developmental type of dysphonia Since foui of 
lus 18 cases showed additional asymmetiy of the face, and 
since five cases levealed palatal asymmetiy, he assumed the 
piesence of a geneialized constitutional debility of the penph- 
eial oigans of speech, at least m those cases Fig 1 shows a 
case of congenital palatal malfoimation 

This combination of internal asymmetiies of the laiynx 
■until othei visible anomalies was also found by Tameaud In 
Ins monogiaph on the laijmgopathias (1944) he mentioned 
the combination of laiyngeal displacement with spinal skoli- 
osis In some cases the asymmetiy of the thyioid cartilage 
may be felt by the palpating fmgei Luchsmgei mentioned 
m his textbook (p 98) that these palpable asymmetiies aie 
a fiequent finding m cases of constitutional weakness of the 
voice 

Similai obseivations weie made by Gaide, whose lecent 
case showed umlateial hypeiplasia of many skeletal paits on 
the light side, associated with laryngeal asymmetiy and 
dysplastic dysphonia Luchsmgei leported tlnee cases of 
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more noticeable on one side Fiequentlv it is associated with 
othei laryngeal or oial asymmetries (see Fig 3) 

This condition is rare as fai as the general population is 
concerned In a specialized voice clinic, hoi\e\er, the sulcus 
of the vocal cord can be seen quite fiequently At the Nation¬ 
al Hospital ve observe a few cases among about 3,000 pa¬ 
tients each \eai Arnold counted 12 cases among 1250 adults 


TABLE I 

M\E CASES OF LARYNGEAL ASYMMETRY FOUND AMONG 1250 
SOLDIERS SUFFERING FROM DISORDERS OF VOICE AND SPEECH 

1 Right cord lower than the left -with hvperkinetic d\sphonia 

2 Right cord higher and broader than the left i\ith congenital 
dvsphonia. 

1 Hvpoplasia of the left cord with congenital dvsphonia. 

} Congenital crossing of the arvtenoids yyith secondary laryngitis and 
congenital dvsphonia 

7 Same with post mutational falsetto yoice 

6 Same with psychogenic hvperkinetic dysphonia 

7 Same yyith yocalis insufficiency' and habitual mixed dvsphonia 

5 Rignt yentricle of Morgagni wider than the left with developmental 
hvpokinetlc dvsphonia 

9 Right ventricle of Morgagni wider than the left with psychogenic 
hvpokinetlc aphonia. 


(soldiers) who were refened for disorders of voice ox speech 
These figures demonstiate again how statistics can be in¬ 
fluenced by selective factois It is obvious that cases of 
chronic hoarseness tend to concentrate in clinics for the 
special care of vocal disoiders 

The vocal cold sulcus had been repeatedly noted bv the older 
authors Kelemen quoted the autoptic findings of Denker, 
Giaconnm (1892), and Grabert (1914), who studied the 
larynx of the gonlla and of various human races Salvi is 
usually credited with the first more complete desciiption of 
the “sulcus vocahs” m 1901 Following the anthropologic 
ideas of his time, he considered the sulcus as a degeneiative 
sign, allegedly more fiequent among criminals Othei authors, 
like Alezais (1906, 1912), described the condition as “double 
vocal cords ” In 1906 Citelli undertook more extensrv e re- 




148 


ARNOLD DYSPLASTIC DYSPHONIA 


geal malfoinnation with congenital dysphonia History, 
laryngoscopy, X-iays, anthi opological leport, and the vocal 
status led to the diagnosis of a laryngeal fiactuie during 
the complicated birth (see Fig 2) Similai to the classifica¬ 
tions of othei congenital malfoimations this case demonstiated 
the necessity of distinguishing between conshtutxonnl mal- 
developments and acquued connatal malformations Hence, 
theie exist cases of connatal tiaumatic dysphonia His nine 
othei obseivations of laiyngeal asymmetry weie published 



Fig 2 Connatal Malformation of the Larynx due to Lar> ngeal Fracture 
b> birth Injury 


in 1948 Table I shows the vanous foims of asymmetry, 
and then association with seveial types of dysphonia, the 
majonty being of congenital ongm 

VOCAL CORD SULCUS AND DOUBLE VOCAL CORDS 

The vocal coid sulcus is a fine longitudinal funow on the 
medial edge of the vocal cold It may extend ovei the entile 
length of the cord, oi may be limited to a segment of variable 
length, its depth is also variable, langmg fiom a faint line 
to a deep partition of the cord In the lattei case it divides 
the cord mto two portions, an uppei oi lateial lip, and a 
lowei or medial lip This is then called a double vocal coid 
Theie may even be an accessory ventucle behind a veiy deep 
sulcus The sulcus may be unilateral, bilateial, or may be 
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moie noticeable on one side Fiequentlv it is associated with 
othei laryngeal or oial asymmetries (see Fig 3) 

This condition is laie as fai as the general population is 
concerned In a specialized voice clinic, howexer, the sulcus 
of the vocal cord can be seen quite fiequently At the Nation¬ 
al Hospital we obseive a few cases among about 3,000 pa¬ 
tients each yeai Arnold counted 12 cases among 1250 adults 


TABLE I 

NINE CASES OF LARYNGEAL ASYMMETRY FOLXD AMONG 1250 
SOLDIERS SUFFERING FROM DISORDERS OF VOICE AND SPEECH 

1 Right cord lower than the left yvith hyperkinetic d\sphonia 

2 Right cord higher and broader than the left with congenital 
dvsphonia 

1 Hvpoplasia of the left cord with congenital dysphonia 

} Congenital crossing of the arvtenoids with secondary laryngitis and 
congenital dvsphonia 

1 Same yyith post mutational falsetto \oice 

(i Same with psvchogenic hvperkinetic dysphonia 

7 Same yyith vocalis insufficiency and habitual mixed dysphonia 

Rigut yentricle of Morgagni wider than the left with developmental 
hypokinetic dvsphonia 

*> Right ventricle of Morgagni wider than the left with psychogenic 
hypokinetic aphonia 


(soldieis) who weie refeued foi disorders of voice 01 speech 
These figures denionsti ate again how statistics can be in¬ 
fluenced by selective factois It is obvious that cases of 
chionic hoarseness tend to concentrate m clinics foi the 
special care of vocal disoiders 

The vocal coid sulcus had been lepeatedly noted bv the oldei 
authors Kelemen quoted the autoptic findings of Denker, 
Giacommi (1892), and Grabert (1914), who studied the 
larynx of the gonlla and of various human races Salvi is 
usually credited with the first more complete descuption of 
the “sulcus vocalis” m 1901 Following the anthiopologic 
ideas of his time, he considered the sulcus as a degenerative 
sign, allegedly more fiequent among criminals Othei authors, 
like Alezais (1906, 1912), descubed the condition as "double 
vocal coids” In 1906 Citelli undertook more extensive re- 
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seaich and found furthei paiallels m the compaiative anat¬ 
omy of animals He coined the teim “sulcus glottideus” and 
claimed to have found it m eveiv second laiynx dissected 
foi this puipose Sometimes the sulcus was baiely visible 
with the naked eye Fuithei autopsy findings weie lepoited 
by Hajek (1928), Demel (1928), Kelemen (1929), and by 
Fiank and Malev (1939) 

The fust obseivation on a patient was made by Lauten- 
schlagei (1912) He also leeogmzed that the hoaiseness 



Fig 3 Congenital As\ mmetrj of the Larjnx ulth Sulcus on Left Cord 
and H\poplasla of the Right Ventricular Fold 


was due to the incomplete closuie of the glottis, theiefoie, 
he suggested that the insufficiency be collected by the mtia- 
laiyngeal injection of paiaffm, accoidmg to the then new 
method of Biunmgs In Oertel’s case of 1912, an acute in¬ 
flammation and swelling of the vocal coids tempoianly 
impioved the hoaiseness which showed again that the dys- 
phonia m a case of vocal coid sulcus was pnmanly due to the 
bowing glottis 

In 1928 Bergei submitted the fust phomatnc and stiobo- 
scopic analysis of the congenital dysplastic dysphoma due to 
vocal coid sulcus, oi double vocal coids Again, he noted 
the incomplete closuie of the glottis Moie cases weie sub¬ 
sequently descubed by Van Caneghem (1928), Fomai (1936), 
Tameaud (1944), oi Delami and De Stefam (1952) One 
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of then foui cases showed heieditaiy tendencies The laigest 
numbei of cases was seen by Arnold who, m 1948, lepoited 
12 obseivations The combination with furthei laiyngeal 
and oial anomalies m these cases is showm on Table II 

For a time some authois disagieed on the possible etiologic 
factois Bilancioni observed in 1923 the development of a 


TABLE II 

12 CASES OF VOCAL CORD SILCLS FOIND AMONG 1250 SOLDIERS 
SUFFERING FROM DISORDERS CF VOICE AND SPEECH 


1 Sulcus on right cord prolnpse of the left ar\tenold v. 1th congenital 
hvpohinetic d'sphonia 

2 Sulcus on both cords hornlike elongation and phonntor\ crossing of 
both corniculate tubercles (similar to Blumenfeld s case reproduced 
b\ Beck and Schneider on their p 420), absence of both cuneiform 
tubercles with d\splionia ' entricularis 

I Sulcus on both cords with habitual h'perhinetic d'sphonia 

} Sulcus on both cords with congenital h'pokinetic d'sphonia 

> Sulcus on both cords with incomplete mutation of the 'oice (develop¬ 
mental dysphonia) 

G Sulcus on both cords with de'elopmental d'sphonia and d'spheraia 
(stuttering) 

7 Sulcus on left cord with de'elopmental dysphonia 

S Sulcus on left cord with habitual im^ed d'sphonia 

9 Sulcus on left cord deeper than the right asvmmetri of Morgagni’s 

\entilcles (the right wider than the left) tocalis insufficiency with 

congenital hvpohinetic dysphonia and lisping (see Fig 3) 

10 Sulcus on left cord deeper than the right contact ulcer right 'ocalis 
insufficient anterior lentricular hjperkinesis with congenital hvpo 
kinetic d'sphonia 

11 Sulcus on left cord deeper than the right palatal asvmmetri with 
de\ elopmental dj aphonia 

12 Sulcus on left cord with diphtheric vagus paralvsis on the right 


tubeiculous ulcei withm a pieexistmg sulcus Ivelemen fui- 
thei quoted Spiess (1908), who saw r the development of a 
longitudinal scai as a lesidue of a healed vocal cold gumma 
Anothei opinion in favoi of the tubeiculous ongm was voiced 
by Van Caneghem (1928), while Garel (1922) believed m a 
shi inking atrophy following ehionic laryngitis If one con¬ 
siders the fiequency of tubeiculosis, syphilis, oi chionic 
laryngitis at the time of these obseivations, a coincidental 
combination of the congenital sulcus with such acquned 
gianulations would not be suipusmg 
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seaich and found fuithei paiallels m the compaiative anat¬ 
omy of animals He coined the teim “sulcus glottideus” and 
claimed to have found it m eveiv second laiynx dissected 
foi this puipose Sometimes the sulcus was baiely visible 
with the naked eye Fuithei autopsy findings weie lepoited 
by Hajek (1928), Demel (1928), Kelemen (1929), and by 
Fiank and Malev (1939) 

The fust obseivation on a patient was made by Lauten- 
schlagei (1912) He also lecognized that the hoaiseness 



Fie 3 Congenital Asjmmetn of the Lnr\ n^ w 1th Sulcus on Left Cord 
and H\ poplasla of the Right \ entricular Told 


was due to the incomplete closuie of the glottis, theiefoie, 
he suggested that the insufficiency be collected by the mtia- 
laiyngeal injection of paiaffm, accoidmg to the then new 
method of Biunmgs In Oeitel’s case of 1912, an acute in¬ 
flammation and swelling of the vocal coids tempoianly 
impioved the hoaiseness winch showed again that the dys- 
phonia m a case of vocal coid sulcus was pnmanly due to the 
bowing glottis 

In 1928 Beigei submitted the fust phomatnc and stiobo- 
scopic analysis of the congenital dysplastic dysphonia due to 
vocal cord sulcus, 01 double vocal coids Again, he noted 
the incomplete closui e of the glottis More cases wei e sub¬ 
sequently descnbed by Van Caneghem (1928), Foinai (1936), 
Tameaud (1944), oi Delaim and De Stefani (1952) One 
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conti action of the external strap muscles, 01 constuction of 
the supiaglottie lesonance chambeis Habitual hypei kinetic 
disoideis aie thus supeiimposed on the congenital hvpokinesis 
of the -vocal coids, pioducmg vanous combinations of vocal 
disfunction 

Tieatment is latliei difficult Since the obseivations of 
Lautenschlagei and Oertel it is well-known that the dnect 
cause of the hoaiseness consists of the hypoplasia of the 
vocalis muscles Because these hypoplastic, asymmetiical, 
and possibly divided coids do not completely close on phona- 
tion, the voice is always accompanied bv an escape of an 
This addition of non-vibiatmg an to the voice sound is heaid 
as hoaiseness Consequently, any suigical attempt at im- 
piovement would have to mciease the closuie of the glottis 
I intend to follow Retln’s pioceduie, who collected the state 
of myopathic paiesis of the vocalis muscles by injecting vase¬ 
line into the bowing coids The cartilage paste recommended 
m anothei publication (Arnold) foi the compensation of 
adductoi paialysis appeals suitable also foi a congenitally 
bowing cold Messeikhngei and Doubek described the suc¬ 
cessful collection of a bowing cold due to umlateial con¬ 
genital sulcus by mtia-coidal injection of paiaffm by the 
Biumngs method 

Vocal lehabilitation by appropnate voice theiapy should 
always be tiled In any case one can impiove the condition 
bv eliminating the secondaiv pai akinesias so that the patient 
may learn how to use his voice as well as his anatomical 
condition will permit Unfortunately, it has to be admitted 
that the amount of piogiess is always limited At the piesent 
time such voices cannot be gieatly improved It is, theiefoie, 
most important to advise these patients not to choose an 
occupation with heavy 01 specialized demands on the voice 
Eaily lecognition of the condition is the best service we can 
piesently rendei to these patients All authois shaie this 
piognostic leservation 

REPORT OF A CASE 

Case No 71940, Pearl C a white unmarried female age 18, was 
first seen on February 1 1950 She complained of chronic hoarseness 
since earliest childhood No other relative has any voice trouble She 
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All lecent authois aie m accoid with the ongmal dis¬ 
co veieis that the vocal cold sulcus is a congenital malfor¬ 
mation Jackson and Jackson, who saw foui cases of “supei- 
numeiaiy coids,” called it a malfoimation of atavistic oiigin 
Many authois lefeired to the normal piesence of the sulcus 
in vanous animals, ascribing a legiessive significance to its 
occunence in man (Kelemen, Tameaud, Delami and De 
Stefam, etc ) The latest contribution to this inteipi etation 
was made by Sbeinim m 1954 Evidence foi the noimal 
piesence of a sulcus m animals can be found m the papeis 
of Albiecht (1896), Wilson (1910), and particulaily by Nemai 
(1912, 1926) The lattei descubed double vocal coids, divid¬ 
ed by a sulcus, m many species deei, gnaffe, antelope, 
swine, gibbon, etc In accoidance with pievious authois, he 
found these accessory coids most noticeable m pnmates It 
is inteiestmg to note that he consideied the development of 
these accessory coids below the tiue vocal coids of the gibbon 
as unfavoiable foi the vocal abilities of this species Accoi d- 
mg to Kelemen (1949) the leduplication of the vocal coids 
is particulaily piomment m the chimpanzee laiynx He be¬ 
lieves that the double coids aie partly lesponsible foi the 
double tones frequently heard in the voice of the chimpanzee 

SYMPTOMS OF DYSPLASTIC DYSPHONIA 

When listening to this type of voice, one is impiessed by a 
peculiai hollow and unpleasant quality It is difficult to 
descnbe it m woids, but it lemmds one of the sound made by 
a bioken pot It seems as though the two coids weie out of 
tune There is a constant bi eathy quality due to the excessive 
escape of an between the bowing coids Hence, phonation 
time is short and the volume is Aveak The aveiage speaking 
pitch is often too high, appaiently because the high tones 
are usually cleaiei This is due to the bowing glottis, which 
is physiologic foi the male falsetto tones, and, theiefoie, does 
not disturb the high tones as much as the low tones Moie- 
ovei, the patients tend to abuse then weak voices by faulty 
attempts at compensation Instead of exploiting all reserves 
of piojection and lesonance, they tiy to oveicome then dis¬ 
ability by increased musculai efforts This leads to vanous 
parakinesias, such as phonatory elevation of the larynx, ovei- 
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CONCLUSIONS 

The voice is an mtegial pait of the human organs of com¬ 
munication It lepiesents the camel nave on which aie 
supeiimposed the modulations of the laiyngeal voice sound 
by the aiticulatorv movements of the speech oigans Serving 
this specific function, the voice should not be confounded 
with the othei components of communication The terms 
articulation, speech, and language, descube specific aspects 
of^oial communication and cannot be used intei changeably 

Laryngeal pathology may distuib the voice in many v, ays 
Contiary to the old idea of distinguishing oiganic and func¬ 
tional vocal distuibances, one non attempts an etiologic 
classification of the vanous djsphonias 

Dysplastic dysphonia lefeis to a group of chiomc vocal 
disabilities due to minoi anomalies of the larynx They may 
Toe of hei editary, congenital, and connatal origin, ox they may 
appear as a lesult of faultv laryngeal matuiation duung 
pubertv 

The minoi laiyngeal malfoimations aie chaiacteiized by 
gieat diveisity Then salient featuie is an asymmetncal 
development of the two laryngeal halves, particulaily of the 
vocal colds 

A special condition of congenital laryngeal anomaly appeals 
in the foim of the vocal cold sulcus If deep enough, it cieates 
the impiession of leduphcation of the coids All lecent 
authois legald this condition as a congenital anomaly of 
atavistic 01 legiessive ongm 

The symptoms of dysplastic dysphonia aie well undeistood 
and do not piesent any diagnostic difficulties Regiettably, 
the same cannot be said regaidmg tieatment One of oui 
cases lllustiates this geneial expenence In the futuie it will 
be worth while to apply the suigieal pi maples of vocal cold 
injections Favoiable lesults weie shown by Re tin (vaseline), 
Messeiklmgei and Doubek (paiaffm), and Arnold (cartilage 
paste) 
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had alwa>s enjoyed good health and does not lemember any unusual 
uppei lesphatorj Infections or alleigies Menstruation is uncomplicated 
and regular Several previous examinations had reported^ been negathe 

General appearance A slender asthenic, normal!} developed girl of 
good intelligence -with pleasant manners and an apparenth calm tern 
perament No signs of emotional disturbance No signs of anemia or 
othei disease 

Nose and nasopharynx The mucous membianes are unusualh thin, 
pale and delicate The turbinates aie small and the passages open No 
abnormal secretion no respiiatorv obstruction 

Mouth The lips teeth, gums tongue and the palate appear normal 
Tonsils are absent The oral mucosa is unusualh delicate and pale 

Ears and titles Veij delicate membranes, no pathologj 

Laiynx Small but symmetrical All parts are aerj small and delicately 
built The mucosa is thm and pale Gross motiliti is normal The 
local cords are white thin and nanow a longitudinal fine sulcus along 
the medial boi dei of either side gi\ es the impression of double vocal 
cords The entrances to the lentricles aie icry wide During phonation 
the bowing cords close incompleteh leaving an o\al glottal chink wide 
open The vibrations appear to take place between the lower segments 
of the cords 

Voice Verj hoarse, breathi and weak Aierage speaking pitch be¬ 
tween adi (220 294 cps ) Vocal range g c= (196 523 cps ), no different! 
atlon of registers, the higher tones sound definitelj better Phonation 
time Vowel O on tone c* 7 8 sec (normal 20 sec ) Marked strain of 
the external laivngeal muscles is noticeable duiing phonation 

Speech No noticeable disorder of ai ticulation, diction or sentence 
construction 

Diagnosis Constitutional hjpoplasia of all uppei respirator! mem 
branes congenital bilateral sulcus with reduplication of vocal cords, 
congenital hi poplasia of the thi ro arytenoid muscles, dvsplastic dys 
phonia hypokinetic tvpe 

Treatment advised Attempt at vocal l eliabilitation bi improving 
resonance, projection and enunciation two sessions per week 

Progress notes Octobei 4 1950 no change in objective findings but 
patient believed to be consideiabli improved Decembei 13, 1950 sub¬ 
jective satisfaction continues August 15, 1951 the voice continues to 
sound hoarse breath} and shrill October 29, 1951 no change in the 
bowing of the double cords May 26 1952 although the patient appears 
vei\ satisfied her voice is as hoarse bieath} and haish as before She 
left the hospital aftei having attended moie than 200 therapv sessions 

In October 1952 she was seen in Bellevue Hospital wdiere we made 
essentially the same findings and recommendations Appaientli the 
subjective improvement had not been permanent In Maich 1954 she 
appeared at the New York E>e and Eai Infirmar}, where hei congenital 
local disability was interpreted as ‘a histerical speech defect” 

Discharge summaiij A case of congenital dysplastic d>sphonia had 
been observed and tieated for about four years In accordance with all 
previous obseivations no improvement could be achieved An interesting 
featuie in this case was the marked hypoplasia of all visible mucous 
membranes Flnalli, the vibrations of the cords seemed to be con 
centrated on the lower portions of the double cords In contradistinction, 
most of the previous observers had noted the vibration of the upper 
segments 
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CONCLUSIONS 

The voice is an integial pait of the human organs of com¬ 
munication It lepiesents the camel wave on which aie 
supei imposed the modulations of the laryngeal voice sound 
by the articulatory movements of the speech oigans Serving 
this specific function, the voice should not be confounded 
with the othei components of communication The terms 
articulation, speech, and language, descube specific aspects 
of_oial communication and cannot be used inteichangeably 

Laryngeal pathology may distuib the voice in many wajs 
Contiary to the old idea of distinguishing oiganic and func¬ 
tional vocal distuibances, one now attempts an etiologic 
classification of the vaiious dysphomas 

Dysplastic dysphonia xefeis to a gioup of chionic vocal 
disabilities due to mmoi anomalies of the larynx They may 
be of hei editary, congenital, and connatal ongm, 01 they may 
appear as a xesult of faulty laryngeal matuiation dunng 
puberty 

The nnnoi laryngeal malfoiTnations aie chaiactenzed by 
gieat diveisity Then salient featuie is an asymmetncal 
development of the two laryngeal halves, particulailv of the 
vocal coids 

A special condition of congenital laryngeal anomaly appeal s 
m the foim of the vocal cold sulcus If deep enough, it creates 
the impiession of leduplication of the coids All lecent 
authois legald this condition as a congenital anomaly of 
atavistic 01 legiessive ongm 

The symptoms of dysplastic dysphonia aie well understood 
and do not piesent any diagnostic difficulties Regiettablj, 
the same cannot be said legal ding treatment One of our 
cases illustrates this geneial expenence In the futuie it will 
be worth while to apply the suigical principles of vocal coid 
injections Favoiable lesults weie shown by Rethi (vaseline), 
Messeiklmgei and Doubek (paiaffm), and Arnold (cartilage 
paste) 
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SUMMARY 

The well-known definitions of the vai ious aspects of human 
01 al communication aie leealled The basic function of com¬ 
munication is human phonation It may be distuibed by 
many abnoimal conditions, including congenital anomalies of 
the laiynx These malformations may affect all paits of the 
voice oigans, and aie paitieulaily haimful to the voice if they 
distuib the symmetry and fine cooidmation of the vocal colds 
One disci ete cause of such dysplastic dysphomas is seen in the 
well-known condition of double vocal coids This disability 
is descubed m detail and illustiated by a typical case 
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AURAL-HARMONIC AND BONE-CONDUCTION 
THRESHOLDS IN THE EVALUATION OF 
COCHLEAR RESERVE IN CLINICAL 
OTOSCLEROSIS 

Phillip A Yantis, Ph D , 
and 

John E Magielski, M D , 

Ann Aiboi, Mich 

It has been geneially accepted foi some time that the piog- 
nosis foi a significant impiovement of healing sensitivity 
due to opeiative intei vention in the eai with a loss due to 
clinical otoscleiosis depends to a great extent on the ade¬ 
quacy of cochleai function The pumaiy question to be 
answeied by audiologic examination m these cases is this Is 
the function of the cochleai stiuctuies sufficiently noimal, 
as deteimined by pie-operative functional testing, that sig¬ 
nificant lestoiation of healing sensitivity can be expected 
m the event of successful opeiative negation of the conductive 
impediment due to otoscleiosis 7 

In attempting to test the adequacy of cochleai function, 
it is impoitant to employ tests that will not be influenced 
significantly by any physiological abnormality of the middle 
eai The most widely used pioceduie m developing an 
opeiative prognosis m these cases has been to compaie the 
puie-tone thiesliolds obtained by an and by bone conduction, 
sometimes lefened to as the “an-bone gap” A numbei of 
mvestigatois have attached a gieat deal of importance to 
the bone thieshold m 1 elation to judging post-fenestiation 
heaung sensitivity 

Shambaugh 1 suggested that those eais that aie ideal for 

•An adaptation of this paper was presented at the 32nd Annual Con¬ 
tention of the American Speech and Hearing Association Chicago Not em¬ 
ber 1956 

tFrom the Department of Otolam ngologv and the Ph\ siological Acous¬ 
tics Laboratorv University of Michigan Medical School This research 
teas supported in part by the Research and Deielopment DiUsion Office 
5t-M}2-. Surgeon General Department of the Arm' under Contract DA-t t >- 
001 -MD-634 

Editorsi Note This manuscript receited in The Larvngoscope Office and 
accepted for publication Dec. 9 1957 
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fenestiation have a bone thieshold withm the noimal lange 
at 512, 1024, and 2048 cps Those suitable but not ideal have 
abnoimal bone-conduction sensitivity at 2048 cps , but normal 
thresholds at the othei two frequencies He classified those 
with a bone-conduction audiogiam slightly below noimal 
foi two oi all three of the above frequencies as having a 
limited and guaided piognosis In a like mannei, Kos and 
Regei- defined thiee classes of patients as deteimined by the 
lelation between pie-opeiative bone and an thiesholds Those 
m Class I, with the best piognosis foi improvement by fene¬ 
stiation suigery, show a bone acuity not exceeding an aveiage 
loss of 15 db foi the fiequencies 500, 1000 and 2000 cps 
The second class of patients has an aveiage bone acuity ex¬ 
ceeding 20 db, but with at least a 30 db gap in the thiee 
fiequencies The thud class, and that gioup with the pooiest 
piognosis, is made up of those with a bone acuity exceeding 
an aveiage loss of 20 db at the thiee fiequencies Sham- 
baugh and Caihart 3 mentioned that an ail-bone gap of less 
than 35 db is a contiamdication foi fenestration They 
believed that the ideal candidate has a maximum gap of 55 
to 60 db and a bone curve withm 5 db of the noimal zeio 
line 

Pick 4 lecently listed what he thought aie indications foi 
stapes mobilization, and again the loss by bone conduction 
was emphasized, as well as the size of the an-bone gap, 
howevei, his indications foi favoiable piognosis weie not as 
conservative as those pioposed by othei wnteis m i elation 
to the fenestiation proceduie 

Peisonal observations of pie-operative bone-conduction 
sensitivity measuies m otoscleiotic eais, coupled with lesults 
obtained by other mvestigatois, have led the authois to have 
certain leseivations regaidmg the validity of an-bone com¬ 
parisons alone in the judgment of cochleai leseive It is the 
purpose of this papei to outline buefly the pioblems m bone- 
conduction technique and interpretation, and to discuss the 
application of a comparatively new technique to the evalua¬ 
tion of cochlear leserve the auial-harmonic (auial-overload) 
test * 


• This technique has been referred to as both the aural-harmonic 
test 34 « •* and the aural-overload test « - The former title is employed 

in this paper in order to promote consistency In terminology v Jea 
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BONE-CONDUCTION TESTING 

Tvo of the impoitant paiameteis m bone-conduction meas- 
uiement aie those of vanations in the piessuie of the vibiatoi 
against the skull, and individual diffeiences in compliance of 
skin tissue between the vibiatoi and the mastoid piocess 
Goodhill and Holcomb-* found that even when the pressuie of 
the leceivei is constant at 400 giams, individual tissue vana- 
tions may cause an enoi of 5 db oi moie m sensitivity 
They mentioned that bone-conduction results may be “con¬ 
taminated” by such factors as air-borne sound being ladiated 
by the bone-conduction unit, cartilage conduction fiom the 
vibiatoi to the tympanic membiane, and translational ex¬ 
citation of the ossiculai chain due to inertia Caihart 6 dis¬ 
cussed other pioblems, such as faulty audiometei cahbiation, 
impiopei masking techniques, etc At least some of these 
lattei factois exist m any pui e-tone audiometnc situation, 
and can be effectively eliminated thiough caieful piecautions 
on the part of the exanunei 

Even though the above cntieisms aie of importance, the} 
aie somewhat overshadowed by one particular phenomenon 
peculiai to bone-conduction testing m eais with stapes an¬ 
kylosis The restriction of stapedial motion relative to the 
skull seems to deciease substantially the bone-conduction 
sensitivity m the middle frequencies in and of itself, m many 
cases, even though the anatomic stiuctuie of the cochlea and 
its mheient physiological chaiactenstics aie apparently 
normal This observation was noted by Smith' when he 
found such restrictions m a senes of cats m which stapedial 
motion had been mechanically 1 educed Mean sensitivity to 
bone-conduction stimulation was loweied 15 db at 500 cps, 
20 db at 700 cps, 16 db at 1000 cps, 9 db at 1500 cps and 
4 db at 2000 cps aftei stapes fixation 

Various mvestigatois have confirmed tins phenomenon 
m pie- and post-opeiative examinations of a numbei of pa¬ 
tients with otoscleiosis Table I shows the post-opeiative 
mean changes in bone-conduction thresholds m a total of 203 
patients tested by six investigators Woods 13 found that 90 
pei cent of 46 cases showed bone-conduction improvement 
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aftei fenestiation and, m five othei patients, he found an 
aveiage mciease of 14 2 db m the speech frequencies 

On the basis of such evidence, Caihart 30 pioposed that 
pie-opeiative bone-conduction thiesholds may be collected 
5 db at 512 cps, 10 db at 1024 cps, 15 db at 2048 cps and 
5 db at 4096 cps, to pi edict post-opeiative bone-conduction 
sensitivity mole accuiately Although this concept is un- 
poitant m emphasizing the changing chaiactei of bone- 
conduction sensitivity following suigeiy, the exact foimula 
foi each frequency cannot always be lelied upon m an m- 


TABLE i 

MEAN CHANGES IN BONE CONDUCTION SENSITIVITY FOLLOWING 
FENESTRATION SURGERY IN A TOTAL OF 203 EARS 


Author 

Reference 

No 

No 

Ears 

Bone-Conduction Improvement- 
500 cps 1000 cps 2000 cps 

—Decibels 
4000 cps 

Hennei ~ 

8 

72 

2 5 

87 

82 

75 

.Tuers 

McConnell 

9 

28 

3 0 

4 2 

13 0 

4 2 

and Caihait 

10 

58 

1 4 

G 5 

8 5 

Nilsson - 

11 

10 

60 

7 0 

140 

40 

Solioel* 

12 

35 

15 0 

12 0 

110 

-2 0 


dividual case This fact is amplified in studying not only 
the mean changes m bone conduction found by othei investi¬ 
gators m terms of the apparent disci epancies in disci ete 
thiesholds fiom one gioup to anothei (see Table I), but, 
moie significantly, in viewing the lesults obtained m in¬ 
dividual cases It is also necessaiy to keep in mind that 
Caihart’s obseivations weie made on eais that had undei- 
gone fenestration suigeiy Because of the obvious diffeiences 
m the concomitant anatomic and physiological chaiacteiistics 
of the middle ear following the fenestiation opeiation, as 
compaied to stapes mobilization suigeiy, it is appaient that 
complete reliance cannot be placed on the “otoscleiotic notch” 
pnnciple when stapes mobilization is the piocedure of choice, 
until furthei leseaich is conducted 


"The purpose of this recent investigation was to emphasize the changing 
character or bone sensitivity Immediately following surgert The thresh¬ 
olds quoted here tv ere made three weeks post-operatlvely and tv ere of a 
stable character The bone-conduction vibrator was applied to the fore¬ 
head of all the patients tested In this particular study and the ear not 
under test was masked 
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Some of the physiological concepts that must be kept in 
mind in attempting to evaluate the bone thieshold in losses 
due to otoscleiosis will be leviewed and discussed latei 

Because the accuiacy of sensitivity tlnesholds made by 
bone conduction m the otoscleiotic eai is at least questionable 
with lespect to the judgment of cochleai leseive, bone- 
conduction sensitivity was compaied with measuiements ob¬ 
tained on the auial-haimonic test pie- and post-opeiatively 
The latter pioceduie employs an entiiely diffeient physiolog¬ 
ical pnnciple than does bone-conduction testing, and puiports 
to be a dnect measuie of cochleai function 

THE AURAL-HARMONIC TEST 

The aural-harmonic (auial-oveiload) test is based on the 
obseivation that if a tone is piesented to the eai at a suf¬ 
ficiently high intensity, the stiuctuies of the oigan of Corti 
will not lespond with noimal fidelity 1 - 10 This phenomenon 
is known as amplitude distortion 01 , moie descuptively, aural 
oveiload It has been found that not only is this distortion 
piocess a cochleai phenomenon, 1 ' but that, in the event the 
stiuctuies of the mnei eai aie damaged 01 aie not function¬ 
ing noimally, the sensation level at which distortion begins 
to appeal is lowei than normal 1810 20 21 >~ 2 - 20 

To achieve the sensation level at which distortion occuis, 
some method must be employed by which the subject can 
communicate the emeigence of this phenomenon to the ex- 
ammei Tins may be done by employing a vanation of the 
classic exploung-tone method 23 A puie tone (in this case 
1000 oi 2000 cps ) is mtioduced into the eai, and is giadually 
raised m intensity until distortion fust appeal’s This tone 
is lefened to as the fundamental When distortion occuis, 
the amount of acoustic eneigy which cannot be lmeaily tians- 
mitted by the cochleai stiuctuies involved is conveited into 
harmonics of the fundamental tone, howevei, the untiamed 
subject usually cannot heai these harmonics in his own eai 
because of the compaiative loudness of the fundamental tone 
In consequence, the exploi mg-tone method is employed to 
enable the subject to report the piesence of the haimonies 
m the foim of a sensation of beats 
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aftei ronostiation and, m jive otlioi patients, lie found an 
awniKo mciease oi VI 2 db m the .speech ficqucncies 

On the basis of such evidence, Caihait 1 " pioiioscd that 
pie-opeiative bone-conduction tlnesliolds may be collected 
r> db at r >l2 tps, V) db at 1021 cps , 15 db at 20d8 cps and 
5 db at d()% eps , to pi edict post-o]iei ative bone-conduction 
sensitivity mm e accuiatelv Although tins concept is nii- 
poj tant in emphasi/niK the chaiifrinK chaiactei of bonc- 
conduclion sensitivity following suijioiy, the exact foi inula 
Ini each iiequoncy cannot always be lehed upon in an m- 


TAiuao i 

MMAN ('MANUKS IN HONK CONDUCTION HWNSITI VIT\ KOM OWING 
KNNKSTUATION SUIU.KUI IN A '1 0 PAD OK 201 KAItS 
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No 

No 

1 III H 

lloiio-t on, lin lion lmpi 
r.iio . j.h innn . jm 

oi, nn n( 
2ono i pm 

-1>( C|l)l In 

40nn c ph 

1 lonnoi 

K 

72 

2 r, 

8 7 

8 2 

7 r, 

111(11 H 

Mt Connell 

0 

28 

1 0 

1 2 

n o 


nnil Cm hint 

10 

r.s 

1 1 

r. r> 

s r. 

1 2 

Nlltmnn 

11 

10 

1. 0 

7 0 

1 1 0 

11 o 

1 0 

Stlliool* 

12 

ir, 

ir. o 

12 0 

-2 0 


dividual case This tact is ainplified in studying not only 
the mean changes in bone conduction found bv othei liivcsti- 
jmtoi s m tciin.s oT the appaient disci epancies in disci etc 
tlnesliolds fiom one pqoup to anothei (see Table I), but, 
nioie significantly, m viewing the lesults obtained m in¬ 
dividual cases It is also necessaiy to keep in mind that 
Can bait’s obsei vations weie made on eais that had undei- 
K°ne fenesti ation sui koi v Because of the obvious diffei enccs 
in the concomitant anatomic and physiological cliai actei istics 
or the middle em rollowiiiR the fenesti ation open ation, as 
compaiod to stapes mobilization suitfeiv, it is appaient that 
complete lebanco cannot be placed on the “otosclci otic notch” 
in maple when stapes mobilization is the piocedmc of choice, 
until linthei leseaich is conducted 

lUimnloi or hn/io rn'imlth ii'J* Imtiioi'llnt.' ! v'V "ii‘ H V’ ""'Plim'l/o llio ilinimlnl 
"1«1 h <iii.il. .1 li,.i„ \\,, <( i.'V'V.,, 1 / f«»U.mln K mn kki \ 111 ., tin « nil 

miilil.. i luu ii. t <> i -il... , ,,,,, il Un ,. 1,OHl iU l\, nml ii,.of ii 

iii'Md ..r .oi n„. imtimitH i.hi„i \\w" "»» *inpib'li to tii,. rut.' 

umloi t .ml iiiih miiHkoIl 111 lh,H I'H' U. ulnr hIii.1i, „n,l Dio mu not 
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Some of the physiological concepts that must be kept in 
mind m attempting to evaluate the bone tlneshold m losses 
due to otoscleiosis will be leviewed and discussed latei 

Because the accuiacy of sensitivity thiesholds made by 
bone conduction m the otoscleiotic ear is at least questionable 
with lespect to the judgment of cochleai leserve, bone- 
conduction sensitivity was compaied with measuiements ob¬ 
tained on the aural-haimonic test pie- and post-opeiatively 
The lattei pioceduie employs an entuely diffeient physiolog¬ 
ical pimciple than does bone-conduction testing, and purports 
to be a duect measuie of cochleai function 

THE AURAL-HARMONIC TEST 

The auial-haimonic (auial-oveiload) test is based on the 
observation that if a tone is presented to the eai at a suf¬ 
ficiently high intensity, the stiuctuies of the oigan of Corti 
will not lespond with noimal fidelity 1510 This phenomenon 
is known as amplitude distortion 01 , moie descuptively, aural 
oveiload It has been found that not only is this distortion 
piocess a cochleai phenomenon, 17 but that, m the event the 
stiuctuies of the mnei ear are damaged or aie not function¬ 
ing normally, the sensation level at which distortion begins 
to appeal is lowei than normal 1810 20 21 ” 25 20 

To achieve the sensation level at which distortion occuis, 
some method must be employed by which the subject can 
communicate the emergence of this phenomenon to the ex- 
ammei This may be done by employing a vanation of the 
classic exploung-tone method 23 A puie tone (m this case 
1000 or 2000 cps ) is introduced into the eai, and is giadually 
laised in intensity until distortion fust appeal’s This tone 
is lefeired to as the fundamental When distortion occurs, 
the amount of acoustic eneigy which cannot be lmeaily trans¬ 
mitted by the cochleai stiuctuies involved is converted into 
harmonics of the fundamental tone, howevei, the untrained 
subject usually cannot heai these harmonics m his own eai 
because of the compaiative loudness of the fundamental tone 
In consequence, the explormg-tone method is employed to 
enable the subject to report the piesence of the haimonies 
m the form of a sensation of beats 
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When a 1000 cps fundamental tone is mtiodueed into the 
eai, foi example, an exploung tone of 2004 cps is also led to 
the eai at an intensity level slightly less than the level of the 
fundamental When the intensity of the fundamental is suf¬ 
ficiently high to pioduce auial distoition, the subject will 
heai foui beats pel second m the background of the funda- 


PRODUCTION OF AURAL OVERLOAD (NOT DETECTED AS YET) 
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Fig 1 Schematic diagram of the technique emplo> ed In 361601106: the 
aural-harmonic (aural-o\ erload) threshold 


mental These beats aie pioduced thiough the intei action of 
the 2004 cps exploung tone with the 2000 cps second hai- 
monic of the fundamental generated in the mnei eai When 
these beats aie heaid, the intensities of both the fundamental 
and the exploung tone aie equally 1 educed until the subject 
no longei heais the beats The intensity of the fundamental 
at which these beats aie fust detected is called the auial- 
haimonic, 01 auial-oveiload, thieshold, and the numbei of 
decibels between sensitivity threshold and the detection thiesh¬ 
old of the aui al-harmonic is the lineal range of heaung at 
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the particulai fundamental frequency being tested A simple 
lllustiation of the piocedure involved in this test is given m 
Fig 1 

Lawrence and Yantis 10 found, m ovei 130 nonnal eais, that 
the mean lange at 1000 cps was 52 db and 57 db at 2000 
cps Means obtained m abnonnal eais were published in the 
last-cited study, but since that time a larger numbei of cases 
tested in this clinic have been added to the original data to 
give the mean values listed m Table II * 


TABLE II 

MEAN AURAL-HARMONIC THRESHOLDS OBTAINED IN' NORMAL 
AND ABNORMAL EARS 




1000 cps 


2000 CP** 



Mean 

Stand 


Mean 

Stand 


No 

(db ) 

De\ 

No 

(db ) 

De\ 

Categor\ 

Ears 

(db ) 

Ears 


(db ) 

Normal Ears - 

145 

52 

13 

133 

57 

17 

Middle-ear Pathology 

* „ 34 

45 

6 

36 

4S 

S 

Cochlear Pathology 

33 

13 

9 

40 

19 

11 

•These figures do 

not include 

the aural 

-harmonic data 

obtained 

In the 

ears reported in this 

studi 







Thiee mvestigatois, employing different fundamental and 
exploi mg-tone frequencies, have reported mean thiesholds 
closely compaiable to those of Lawience and Yantis Sokolow- 
ski, 24 using a 500 cps fundamental tone applied by air con¬ 
duction and a 1003 cps exploi mg tone by bone conduction, 
found harmonic thiesholds m normal ears from 45 to 50 db 
above the fundamental-tone thieshold In losses of a con¬ 
ductive type, the thieshold was essentially the same m sen¬ 
sation level, howevei, m peiceptive losses with lecruitment, 
Sokolowski found the auial-haimomc thieshold to be only 
slightly highei than the intensity of the 500 cps fundamental 
tone, piovidmg the extent of the loss exceeded 45 to 50 db 
Opheim and Flottoip,- 5 using fundamental frequencies of 250 
and 500 cps, found no diffeience between normal haimonic 

•Through a mathematical error the means and standard det iations of 
harmonic thresholds measured at 1000 cps in the 17 ears with cochlear 
ln\oI\ement uere incorrectls stated in the article b\ Lawrence and 
Yantis and in the paper bj lantls=° In both of these publications the 
mean range of linearlU between audibiliU threshold and harmonic thresh¬ 
old was gi\en as 24 db and the standard de\ iatlon as 14 db The correct 
calculations are a mean of 12 db and a standard deviation of 7 db This 
correction is incorporated in the data of Table II 
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tluesholds and those m eais with conductive losses, but 
maikedly lestucted langes m 70 out of 73 eais with leciuit- 
ment weie lecoided They also found the test veiy helpful 
m the diffeiential diagnosis of Memeie’s disease 20 

Since the auial-haimonic test employs the an-conduction 
pathway lathei than the osseous loute, it seems to be a 
measuie of cochleai function not significantly influenced by 
the physiological status of the middle eai, and may hold 
some piomise of being a compaiatively quantitative measuie 
of cochleai function Accoidmgly, this pioceduie was com¬ 
pared with bone-conduction testing pie- and post-opeiatively 
with lespect to the lelative stability of the two tests undei 
conditions of stapes ankylosis and impioved healing aftei 
suigical intervention 


PROCEDURE 

The nineteen patients tested in this study weie examined 
m the Department of Otolaryngology, Umveisity Hospital 
Each patient was given a complete pui e-tone audiometnc 
examination at least thiee times befoie the auial-harmonic 
test, with at least a one-month intei val between each exam¬ 
ination The audiogiam accepted as each patient’s pie- 
opeiative thieshold pattern was an aveiage of the thiee 
audiometnc examinations conducted 

Pui e-tone audiometnc and auial-haimonic tests weie le- 
peated no less than one-and-one-half months post-opeiatively 
m those patients who submitted to fenestiation suigery, and 
when necessary, aftei stapes mobilization This was done to 
reduce to a minimum any possibility of the contamination of 
sensitivity measuies by labynnthine aftei-effects of suigery 
■(see Sohoel 12 ) 

Pui e-tone audiometnc tests by an and bone conduction weie 
earned out, using a calibiated Maico H-l clinical audiometei 
Tiaditional audiometnc techniques weie employed, including 
the use of masking when necessaiy All tests on each sub¬ 
ject were made with the same equipment and technique, and 
by the same exammei 

In attempting to l educe maximally the effects of the pos- 
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sible paiamaters in bone-conduction technique outlined eailiei, 
the following points weie consistently followed m testing the 
patients used m this study 

1 Calibration of the bone-conduction \ibiatoi was earned 
out, using Carhart’s method of an and bone compai isons m 
normal ear's and eais with a model ate puie pexceptive loss c 

2 During all bone-conduction tests, the \ibiatoi was held 
against the skull by a headband attached on the opposite side 
of the head to an eai phone The lattei w as placed o\ er the 
external meatus of the eai not under test m all patients, 
whether masking was emplojed m the opposite eai or not 
No means of keeping the pressuie of the nbiatoi constant 
foi all the ears tested was used, othei than that of securing 
the vibiatoi as tightly as possible without causing pam oi 
discomfort 

S In all cases, the exact position of the vibiator post- 
auncularly was determined by ascertaining the best position 
to obtain the lowest sensitivity threshold foi a 1000 cps tone 
The position decided upon was permanently used foi all fre¬ 
quencies tested on any one eai Repositioning was always 
earned out m subsequent sessions 

4 When masking was emplored, careful attention was 
given to the mtensitj of the complex-noise masking signal to 
eliminate the possibility of tians-ciamal conduction of the 
noise 

Auial-harmonic tests weie earned out with carefully cali¬ 
brated equipment especially designed foi clinical use * A 
detailed account of the original laboiatory equipment used 
m pievious experimentation is fully desenbed elsewheie. 1 ' 19 
Very bneflv, the technique employed m clinical testing was 
as follows 

1 The patient is instructed that he will heai a loud, steady 

•For the harmonic-detection measurements made in this studv a clinical 
Instrument designed and manufactured b\ Malco Electronics Inc was 
emploved. The inherent distortion characteristics of the fundamental-tone 
oscillator were found to be vert low the second harmonic of the two 
fundamental tones was more than 60 db below the acoustic level of the 
fundamental This factor is of course extremelv important in order to 
eliminate the possibllJtv of Intermodulation distortion occurring in the 
stimulus Itself^* 
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tone, and that he should listen m the backgiound of that tone 
foi a wavy, 01 beating sensation If he heais only a qualita¬ 
tive sensation of steadiness, he is asked to say “steady” aftei 
listening buefly to the tone If he Ileal'S a beating sensation, 
he is lequested to say “beat” Vanations on this basic set 
of mstiuctions aie sometimes made if theie is any doubt 
that the patient does not undei stand 

2 The fundamental tone (eitliei 1000 oi 2000 cps ) is then 
set to an entensity up to 70 db above audibility thieshold foi 
that tone The exploi mg-tone fiequency is then made to 
diffei fiom the second haimonic of the fundamental by ap- 
pioximately 4 cps, and is onginally adjusted to be 10 db 
below the intensity of the fundamental tone These adjust¬ 
ments aie made without stimulation of the eai undei test 

3 The two tones aie then mixed and piesented to the eai 
being tested In most cases the patient heais beats with onlv 
a slight adjustment of the exploimg-tone intensity If beats 
aie not leadily peiceptible, then vanous techniques may be 
employed 

a The levels of both tones may be laised equally 

b The level of the exploi mg tone mav be vai led 

c The exploi mg tone mav be turned off and on foi a shoit 
time 

d Combinations of the above mav be employed 

4 Upon healing beats, the levels of both tones aie com¬ 
monly attenuated until the subject no longei heais the beats 
If beats aie still not heaid aftei decieasmg the level of the 
exploi mg tone, the level of the fundamental tone is lecoided 
and consideied to be the auial-haimonic thieshold The lineal 
lange is deteimined by substiacting the audibility thieshold 
foi the fundamental tone fiom the intensity above noimal 
audiometnc zeio at which the haimonic thieshold was ob¬ 
tained 

5 The lineal lange is checked by caiiymg out the test 
fiom below the haimonic thieshold pieviously obtained 

Foi the puiposes of this study, a iange fiom audibility 
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threshold to auial-haimonic threshold at eithei 1000 or 2000 
cps that is less than 35 db (appioximately one standaid 
deviation fiom the mean m nonnal eais oi m cases of con¬ 
ductive loss) is taken as indicative of abnormal cochlear 
function 


RESULTS 

The sex, age, eai opeiated upon and the tvpe of opeiation 
perfoimed aie identified foi each case m Table III Ten 


TABLE III 


IDENTIFY IXG DATA OX EACH OF THE NINETEEN* PATIENTS 
(TWENT1 EARS) TESTED 


Ca«e No 

Sex 

\pe 

Ear 

Operation 

i_ 

_F 

2S 

Lt 

Fenestration 

9 

__VI 

20 

Lt 

Fenestration 

o 

..VI 

52 

Rt 

Fenestration 

4.. 

_F 

21 

Lt 

Stapes Vlobilization 

- — 

...._F 

41 

Lt 

Stapes Vlobilization 

6 _ 

_ _F 

29 

Rt 

Fenestration 

7 

_ _F 

34 

Rt 

Fenestration 

s 

.. _F 

35 

Rt 

Stapes Mobilization 


_VI 

52 

Lt 

Stapes Vlobilization 

10_ - 

_VI 

31 

Rt 

Stapes Vlobilization 

11 — 

_F 

29 

Lt 

Fenestration 

12 _ 

_F 

52 

Lt 

Stapes Vlobilization 

13 _ __ 

__F 

43 

Lt 

Stapes Vlobilization 

14 _ _ 

___M 

39 

Rt 

Stapes Vlobilization 




Lt 

Stapes Vlobilization 

15-- 

_VI 

36 

Rt 

Stapes Vlobilization 

16__ 

___VI 

32 

Rt 

Stapes Vlobilization 

17 _ - 

_—VI 

26 

Lt 

Stapes Vlobilization 

IS- _ 

_„AI 

22 

Rt 

Fenestration 

19_ _ 

_VI 

21 

Rt 

Stapes Vlobilization 


males and nine females weie examined m tlus study, the 
age range was from 21 to 52 years, with a mean of 35 veais 
A total of 20 ears was tested, since Case 14 was operated 
upon bilateially Data weie completelv gatheied on 19 ears 
at 1000 cps , and 17 ears at 2000 cps Of the 20 eais tested, 
the fenestiation opeiation was performed on seven and stapes 
mobilization was canned out on the lemainmg 13 

Giowp Observations Because the aural-harmonic test was 
admimstei ed using fundamental tones of 1000 and 2000 cps 
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only, Table IV piesents the gioss data foi all measuies taken 
on each of the subjects at these two fiequencies only The 
fust gioup of seven cases aie those on which the fenestiation 
opeiation was peifoimed, and the lemaimng cases submitted 
to the stapes-mobilization pioceduie The means foi the 
two sepaiate gioups, as well as the entile sample, aie piovided 
m the Table The data obtained by ail- and bone-conduction 
studies weie eliminated foi those eais in which auial- 
haimonic data weie incomplete Anthmetical calculations 
weie earned to the neaiest whole numbei 

Case 4, which will be examined m detail latei, showed a 
maiked deciease m an and bone sensitivity and m the hai- 
monic tlueshold following suigeiy Because theie was leason 
to believe that the negative lesult was due to the opeiative 
pioceduie lathei than to pool cochleai leseive pie-opeiative- 
ly, the data collected on this case weie not used m calculating 
means 

Except foi Case 4, eveiy patient showed an impiovement 
m an-conduction sensitivity at both fiequencies in question, 
langmg fiom 5 to 40 db (mean of 22 db ) at 1000 cps and 
fiom 10 to 30 db (mean of 19 db ) at 2000 cps 

Again excluding Case 4, bone-conduction sensitivity im- 
pioved fiom 5 to 30 db m 15 eais in the 1000 cps column, 
and fiom 5 to 20 db m 12 eais in the 2000 cps column The 
lemaimng showed no impiovement m bone conduction, which 
was consistent at both fiequencies foi Case 10 and foi Case 
14 m the light eai The mean impiovement in bone conduc¬ 
tion foi all of the eais tested at 1000 cps was 10 db and 
9 db foi those tested at 2000 cps 

All of the cases completely tested m this study had a 
pie-opeiative lineai lange of healing of 35 db oi gieatei, 
meeting the lequnements of noimal cochleai leseive 

A disciete auial-haimonic tlueshold was not obtained m 
Case 17 at 1000 cps, and m Cases 11, 12 and 15 at 2000 cps 
This was due to the intensity lestuctions of the fundamental 
tone m the clinical equipment used The maximum intensity 
available at eithei fiequency was 100 db i e audiometnc 
zeio In all of the cases in which pie-opeiative thiesholds 
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could not be obtained, this intensity was not sufficiently 
high to pioduce auial haimonies, howevei, m all of these 
eais, no evidence of amplitude distortion was detected at a 
sensation level of less than 50 db , thus connoting noimal 
cochleai leserve undei the teims of delineation accepted foi 
this study 

The harmonic thieshold at 1000 cps changed post-opeia- 
tively fiom a lineai lange that was 5 db less than the pie- 
opeiative level to one that was 10 db moie than this intensity, 
at 2000 cps the lange was fiom 10 db less to 5 db moie 
Thus theie was nevei moie than a 10 db change fiom the pie- 
opeiative to the post-opeiative lmeai lange of hearing foi 
any patient tested Considenng that theie is at least a 5 
db eiioi of measuiement accepted m almost all clinical 
audiometiy involving intensity mciements of 5 db , this seems 
quite stable The mean change was 3 db at 1000 cps, and 
0 db at 2000 cps In no case in which theie was post-opeia- 
tive impiovement m an conduction did the haimomc thiesh¬ 
old deciease oi mciease post-opeiatively beyond one standaid 
deviation fiom the noimal mean as given m Table II 

Because of the compaiative size of the samples, no attempt 
was made to compaie the lesults statistically m teims of 
the two types of opeiations employed, liowevei, it is intei est- 
mg to note that the gieatest mean impiovement in an and 
bone conduction at 1000 cps occuned m the “f enesti ated” 
gioup (25 and 16 db respectively, as compaied with 21 and 
7 db foi the '“mobilized” gioup) At 2000 cps theie was 
also slightly moie impiovement m an conduction m the 
“fenestiated” gioup (21 db compaied to 18 db ) and m bone 
conduction (11 db and 8 db lespectively) 

Fig 2 is a composite audiogiam of the mean pie- and post- 
opeiative an and bone-conduction tlnesholds foi the entne 
gioup The mean haimomc tlnesholds aie also piovided 
It is immediately appaient upon examining the changes oc- 
cumng m heaung sensitivity foi the tlnee tests employed 
that theie is a definite mean impiovement in an and bone 
sensitivity foi puie tones but, compaiatively, an extiemely 
small change, if any, m the lmeai lange of heaung foi the 
entne sample 
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PRE- AND POST-OPERATIVE MEANS 

125 250 500 1000 2000 4000 8000 



PRE-OP BC=< AC=0 A0=A 
POST- OP 1 BC= > AC=Q A0=V 


Fig 2 Graphic representation of the mean pre- and postoperative 
thresholds for air conduction bone conduction and aural-harmonics found 
in the ears In which all three tests were conducted in this studv The 
numerical mean thresholds are recorded AO refers to the aural- 
harmonic (aural-overload) threshold 


lllustiative Cases In oidei to demonstiate the particulai 
types of pioblems and xesults that anse m individual eases 
and to illusti ate the diffeiences that can occui between 
patients, the results obtained m the fust five eais tested aie 
piesented and discussed The pie- and post-opeiative an, 
bone and harmonic thiesholds ?e audiometric zeio aie pie¬ 
sented m the figuie lefened to foi each case 

Cose Jo 1 (see Fig 3) Female age 2S iears Left fenestration 
The pre-operative air and bone sensitivity in this case presents a good 
prognosis for operative intervention There is an air bone gap of 30 db 
at 1000 cps and a gap of 40 db at 2000 cps A normal linear range from 
air-conduction threshold to the aural harmonic threshold confirms the 
presence of good cochlear reserve 
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PRE- AND POST- OPERATIVE 
125 250 500 1000 2000 4000 8000 



POST-OP* BC= > AC= □ AO=V 


AUDIOMETRIC DATA 


FREQUENCY' 

1000 


2000 

TEST 


POST- 

CHNG 

PRE-OP 


CHNG 

ra 

50 

25 

+ 25 

50 

25 

+ 25 

B C 

20 

15 

+ 5 

10 

5 

+ 5 

AO 

40 

50 

+10 

45 

50 

+ 5 

- 


Fig 3 Results obtnlned In Case No l 
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PRE- AND POST-OPERATIVE 



POST-OP 1 BC= > AC= □ AO= V 


AUDIOMETRIC DATA 


FREQUENCY 3 IOOO 

2000 

TEST 

PRE-OP 

POST- 

CHNG 

PRE-OP 

POST- 

CHNG 

A.C 

50 

10 

+40 

50 

25 

+ 25 

BC 

10 

-10 

+ 20 

15 

-5 

+ 20 

A.0 

50 

55 

+ 5 

40 

45 

B 


Fig 4 Results obtained in Case Xo 2 
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Post opeiativelv the good piognosis foi air conduction impio'venient is 
borne out by a significant rise in air conduction sensitivltv, providing 
socially adequate lieaiing in the operated ear, however the expected 
improvement in bone conduction is not laige onl\ 5 db at the two 
frequencies of inteiest Harmonic thresholds are impioved slightly, and 
are still well within one standard deviation of the normal mean 

The impoitant fact illustiated heie is that although in the laige 
numbei of cases there is an expected Improvement in bone sensitivity 
post-operatively it cannot alwavs be relied upon in individual cases In 
this patient there was enough of an air bone gap to insure at least fair 
cochleai reserve and the results of harmonifc thieshold studies provided 
secure leinforcement of this conclusion 

Case No 2 (see Pig 4) Male age 29 vears Left fenestration The 
results obtained in this case illustrate quite lemarkably the compara 
tivelj stable characteristic of the linear range of hearing after successful 
surgerv as opposed to a large change in bone-conduction sensitivitv, 
and shows the changing vs stable’ qualitv of the two tests that is 
generally found It is evident that the pre-operative bone-conduction 
measurements were actually inaccurate to the extent of 20 db at 1000 
and 2000 cps which is even a greatei degree of inadequacy than could 
be accounted for by the application of the Carliart "notch” formula 
Again the possibility of good cochlear leserve was confirmed by a normal 
linear range of hearing 


Case No 3 (see Fig 5) Male age 52 years Right fenestration At 
first examination the data collected on this patient were almost identical 
before and after surgery at least at the middle frequencies of interest 
in this study On the basis of the pre-operative air and bone threshold 
alone the prognosis would have been good, especially aftei applying the 
notch ’ formula for bone-threshold corrections Nothing abnormal was 
noted in the pre-operative auial harmonic threshold at 1000 cps how 
evei, the lineal lange at 2000 cps was comparativelv restricted and a 
guarded prognosis based upon selectively questionable cochlear leserve 
at 2000 cps was made 


Because of the normal linear range at 1000 cps surgerv was carried 
out Post operatively there was significant improvement in air conduction 
sensitivity for the lower frequencies but veiy little at 1000 cps and 
2000 cps Bone conduction improved onlv 5 db at 1000 cps and remained 
s able at 2000 cps The haimonic thresholds lemained essentially the 
same 


In retrospect it is assumed that the slightly restiicted and unchanged 
linear range at, 2000 cps Indicated localized cochlear pathology at least 
involving the higher frequencies This seems to be confirmed by the 
unchanged loss In bone sensitivitv at 2000 cps and the lack of improve- 

al ‘ conduction post opeiatively which is associated only with 
the higher fiequencles y 

Case No h (see Fig G) Female age 21 years Left stanes mobiliza 
tion Although the outcome of surgery in this case was unfortunate R 
is chosen to illustiate the use of the auial haimonic test in dete,mining 
the locus of damage in an unsuccessful pioceduie 6 

Pre-operative! 7 the test results were consistent with a diagnosis of 
good cochlear reserve and the prognosis for improvement was favoiable 

Post-operativelv we find not only a decrease in air and bone sensitivity 
but, more significantly a lowering of the linear rangeof hearins b 
15 db at 1000 cps and 10 db at 2000 cps These post-operative meafure 
ments were made foui months after surgeiy and indicate n otonif 6 
dition These findings were interpreted as showing tlie presence o'f mild 
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PRE- AND POST-OPERATIVE 
125 2.50 500 1000 2000 4000 8000 



TEST 

PRE-OP 

EE5S 

CHNG 

PRE-OP 

POST- 

CHNG 

AC 

50 

45 

+ 5 

45 

35 

+10 

BC 

15 

10 

+ 5 

20 

20 

0 

AO 

45 

40 

-5 

35 

35 

0 


Fig 5 Results obtained In Case Xo 3 
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PRE- AND POST-OPERATIVE 


125 250 500 1000 2000 4000 8000 



PRE-OP=BCG AC X A0» A 
POST-OP=BC>> AC'D AO V 


AUDIOMETRIC DATA 



Fiff G Result* obtained In Case No 4 
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PRE- AND POST-OPERATIVE 


125 250 500 1000 2000 4000 8000 



POST-OP BC= > AC=D A0= V 


AUDIOMETRIC DATA 


FREQUENCY 1 

1000 


2000 

TEST 

PRE-OP 

POST- 

CHNG 

PRE-OP 

POST- 

CHNG 

A.C 

25 

15 

+ 10 

35 

25 

+10 

BC 

10 

0 

+ 10 

30 

15 

+ 15 

AO 

50 

50 

0 

50 

50 

0 


Fig 7 Results obtained In Case No 5 
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cochlear inioliement of a permanent nature most probabij due to opera 
tlve internention however, the conductive component is still quite large, 
and the patient mas still profit by fenestration surgerj 

Case Xo 5 (see Pig 7) Female, age 41 Left stapes mobilization 
The pre-operative air conduction threshold cur\e shows a moderate loss 
In the eai in question but of a sufficient degree to lead the patient to seek 
medical treatment The bone-conduction threshold is within normal 
limits for 500 and 1000 cps , but bone sensitiiity is onl> 5 db better than 
the air conduction thieshold at 2000 cps On the basis of the audiogram 
alone an Interpretation of poor cochlear reserve ini oil ing the high fre 
quencies could easilv have been made, however linearity measures at 
both 1000 and 2000 cps were found to be normal and mobilization of 
the stapes was carried out 

Post operative^, the aii-conduction curie is shifted upwards to fall 
within the noimal range for most fiequencies Bone conduction is im 
proved by 10 db at 1000 cps and 15 db at 2000 cps The level of the 
harmonic threshold remains unchanged 

This case illustrates at 2000 cps how fallacious it can be to depend 
entirely on the ‘ air bone gap” for a discriminating eialuatlon of cochlear 
reserve The pre-operatii e status of the cochlea foi stimulation b> a 
tone of 2000 cps was inaccurately shown bj bone measurement, as attested 
by a normal and unchanging linear range of hearing at this frequencv, 
as well as a significant improvement in hone sensitiiitj at 2000 cps after 
surgical!} reducing the degree of stapes ankylosis preiiouslj present 


DISCUSSION 

The geneial obseivation that bone-conduction sensitivity 
is impioved aftei fenestiation oi stapes-mobilization suigery 
m the majonty of cases of otoscleiosis is confirmed in this 
study It is safe to assume, on the basis of the evidence 
accumulated by the investigatois dealing with this pioblem, 
that we cannot place complete leliance on the pie-opeiative 
bone-conduction thieshold as an accuiate mdicatoi of tiue 
cochleai leserve in all of these patients We also cannot 
expect a post-operative improvement in bone sensitivity of a 
certain pie-deteimined amount m the majonty of individual 
cases It seems leasonable to assume that the otoscleiotic 
lesion, involving a l eduction m movement of the footplate of 
the stapes, has a dnect influence on the physiology of bone 
conduction, and that the lemoval of this condition, eithei by 
lestormg stapes mobility oi creating a labynnthme fenestra, 
lestoies bone-conduction sensitivity to the level expected m 
the light of the existing cochleai function 

In attempting to explain the leasons for the general im- 
pi ovement of bone conduction aftei sui gical intervention, 
let us leview buefly the theory of cochleai stimulation by 
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osseous conduction and discuss the piobable influence of 
otosclerotic pathology and suigen, on the physiology of bone 
conduction 

The pathways of sound to the cochlea by bone conduction 
have been well defined by Guild, 2 ’’ and aie familial to all 
students of the healing piocess The osseous pathway, from 
the vibiatoi to the otic capsule dnectly tlnough the bones of 
the skull, has been geneially accepted as of much gieatei 
importance than the so-called osseo-tympamc loute fiom the 
vibiatoi to the middle-eai cavity and thence to the round- 
window membiane 

The two modes of cochleai stimulation that have leceived 
maximum attention m the past aie the tianslatoiy, 01 inertia, 
form of bone conduction, and the compiessional mode In 
tianslatoiy bone conduction, the contents of the cochleai cap¬ 
sule do not move m the same time relation with the bodily 
mo\ ement of the capsule itself Because of the elastic quali¬ 
ties of the oval and lound windows, the inertia of the cochleai 
fluids allows foi a time lag m movement Ineitia opposing 
the vibratory foice is also piovided bv the ossiculai chain 
When the labyrinthine capsule is placed into movement, the 
footplate of the stapes lags behind, due to the lestiamt on 
the stapes piovided by the inertia of the ossiculai chain 
Thus, undei these two conditions, the cochleai fluids aie 
displaced lelative to the capsulai w r alls, piovidmg concomitant 
displacement of the basilai membiane and lesultant stimula¬ 
tion of the hau cells 

The compressional mode of bone conduction calls foi pen- 
odic volume displacements of the cochleai fluids m dnect 
1 elation to, and synchionous with, the periodic condensations 
and laiefactions of the stimulus sound The theory implies 
that the entue labynnthine capsule expands and contiacts 
m lesponse to stimulation, and that every portion of the 
capsulai wall is vibiated with approximately the same foice 
A compiession of the capsule would bulge out the lound 
window due to fluid displacement, and a laiefaction would 
have the opposite influence on the membiane In eithei case, 
lesultant movements of the basilai membiane would pioduce 
neuial stimulation 
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The studies of Baiany,- 0 Bekesy -10 and Smith' all amplify 
the impoitance of the tianslational mode of stimulation The 
compiessional foim is consideied to be less significant and 
not affected to a gieat degiee by stapes fixation Accepting 
this conclusion, we aie led to the belief that m oidei to achieve 
adequate stimulation of the oigan of Corti by bone-conducted 
sound, it is necessaiv to have at least two elastic membianes 
m the walls of the labynnthme capsule m oidei to piovide 
adequate mobility of the labvunthme fluids with concomitant 
activation of neuial impulses by han-cell stimulation When 
the impedance of the ossiculai chain is mci eased by stapedial 
fixation due to otoscleiosis, the noimal tianslational mode of 
cochleai stimulation by bone-conduction is alteied and, m 
the majority of cases, bone sensitivity is 1 educed When 
noimal mobility of the fluids is lestoied, eithei by lestoiation 
of stapedial vibiation m the oval window 01 by the suigical 
piovision of a new window m the honzontal semi-cnculai 
canal, an impiovement in bone-conduction sensitivity is usual¬ 
ly seen 

That certain changes m the status of the middle eai can 
influence the accuiacy of bone sensitivity has also been borne 
out by studies involving conditions othei than otoscleiosis 
Barany- 0 studied the effect of ieduced middle-eai an piessure 
on bone-conduction sensitivity at 435 cps , and found that m 
the normal human eais examined, bone sensitivity was ie- 
duced appioximately 10 db undei tins condition It could 
be hypothesized that the l educed an piessuie in the tympanic 
cavity loweied the noimal quality of mobility of the lound- 
wmdow membiane Recently, Palva and Ojala, n aftei test¬ 
ing a senes of 42 eais with catarrhal oi puiulent otitis media, 
m some of which bone conduction was impioved aftei my- 
ungotomy, aspnation and subsequent healing, concluded that 
m certain cases of conductive-type healing loss, the initially 
lowered bone-conduction threshold “does not necessanly in¬ 
dicate a peiceptive involvement, but may be due to impaned 
mobility of the oval and lound window” 

Technically, theie should be little diffeience between the 
stapes mobilization oi fenestration pioceduies m the mheient 
quantitative lestoiation of bone sensitivity In the foimei 
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technique, the ongmal anatomic and physiological condition 
of the middle-eai stiuctuies aie functionally lestoied In 
the lattei opeiation, although the tiansfoimer action of the 
ossiculai chain is no longei piesent, theie still is a sufficient 
diffeience in the phase lelationships of the lound window 
and the fenestia to msuie adequate fluid mobility, piovidmg 
the tympanic flap adequatelj isolates the lound-window 
membiane 

As mentioned in the lesults of this study, it was found 
that theie was a compaiatively gieatei impiovement m the 
mean ail and bone thresholds in those eais that had undei- 
gone fenestiation suigerv Except foi the mean bone- 
conduction threshold at 2000 cps , the oiigmal extent of hear¬ 
ing loss was gieatei, on the aveiage, m the “fenestiated” 
group, and yet at both fiequeneies post-opeiativelv, theie 
was a gieatei impiovement in mean thieshold m the lattei 
group These obseivations, though bioad and inconclusive, 
lead one to speculate whethei the formation of a new window, 
with lelatively small mheient impedance chaiacteustics as 
compaied to the status of the noimal oval window, pioduces 
bettei opportunities for more normal fluid mobility The 
answei to this problem must, of course, await furthei ex- 
ploiation 

One important advantage of the aural-harmonic test, both 
physiologically and clinically, is its relatively stable chaiactei- 
lstic undei conditions of middle-ear pathology 01 surgical 
intervention Although normal bone-conduction sensitivity 
depends to some extent on the lelative normality of the middle 
eai, the piocess of lecoidmg amplitude distortion by the 
exploung-tone technique is not affected by any malfunction 
of the middle-eai mechanism Noimal measurements of 
lmeai lty may be lecoided even when the ossiculai chain, 
down to the footplate of the stapes, is lemoved 32 Thus, the 
cutical factors of fluid mobility and geneial loss m an- 
conduction sensitivity affecting bone conduction have lelative- 
ly no effect on distortion measuiements using the exploimg- 
tone technique The fact that a quantitative thieshold may 
be obtained by the auial-haimomc pioceduie connotes the 
possibility that a quantitative evaluation of cochleai function 
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may be detei mined It is appaient that such a measuie 
would be of gieat value m detei mining the efficacy of suigery, 
and it may have some impoitance in discerning the relative 
advantages of one opeiative technique ovei anothei in an 
individual case, howevei, until a much gieatei pathological 
sample is studied, we must be satisfied with the piesent use 
of the pioceduie m diagnostically delineating cochleai in¬ 
volvement 

In studying and endeavoung to intei pi et the means pie- 
sented in Table IV, it must be emphasized that in the lealm 
of opeiative piognosis in the patient with otoscleiotic deafness 
we aie concerned with disci ete and individual anatomic, 
physiological and pathological pioblems that may vaiy ie- 
maikably with each patient encounteied Although the appli¬ 
cation of ceitam gioup measuiements of auditoiy function 
to an individual case may be helpful in pointing out a geneial 
tiend, they cannot be lelied upon implicitly to give an accuiate 
pictuie of futuie measuiements This is especially so aftei 
opeiative inteivention with all of the concomitant paiameteis 
of technique involved, and unknown lesultant changes in the 
physiological conduction of sound by the middle-eai mechan¬ 
ism m the case of the stapes-mobilization pioceduie Foi 
example, in only one eai m this study (Case 5) weie pie- 
opeiative collections of the bone-conduction cuive, as de¬ 
tei mined by the “otoscleiotic notch” pimciple, confnmed 
post-opeiatively The pumaiy impoitance of this pi mciple 
is that it has bi ought to the attention of otologists the fact 
that a pie-opeiative bone-conduction audiogiam obtained m 
an eai with otoscleiosis is a lelatively maccuiate indication 
of the actual capacity of the oigan of Corti to be stimulated 
by sound conducted tlnough the osseous pathway 

In being cutical of gioup lesults obtained by bone-conduc¬ 
tion testing, it would also seem consistent to be equally 
cutical of gioup means obtained by the auial-haimomc test, 
howevei, it must be emphasized that a diffeient physiological 
pi mciple is involved m measunng cochleai distoition We 
need not be concerned with the possible changes m the 
anatomical 01 physiological condition of the middle eai since 
any changes, even of a gioss natuie, have an insignificant 
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effect on the measuiement of cochlear distoition m teims of 
sensation le\el The studies of Wevei, Brav, and Lavnence 
on animals, 1 ' 3 - 33 34 and the lesults obtained in human eais 
such as tested m this study, substantiate this conclusion 


One mam obseivation is emphasized In the patients tested 
in this study, it was foimd that theie is less change m the 
mean harmonic tlneshold post-opeiativelv than in the mean 
bone-conduction threshold, and that in teims of accuiacj and 
stability it is felt that moie leliance can be placed on the 
auial-harmonic test as a dnect measuie of eochleai function 
This obseivation seems of value in obtaining moie consistent 
pie-opeiative measuies of eochleai function m cases of clinical 
otoscleiosis, howevei, of fai gieatei mipoitance, we feel, aie 
the obseivations and intei pi etations made m the individual 
case with lespect to vanations and consistencies m the two 
techniques 


In conclusion, it seems somewhat fallacious m developing 
a prognosis for eitliei fenestiation 01 mobilization suigery 
to be satisfied with the punciple of “closing the au-bone gap” 
as determined by pie-operative examination It is certainly 
tiue that successful opeiative mteiwention will, in most cases, 
bung an-conduction sensitivity close to the pre-opeiative 
bone tlneshold, howevei, it is oui belief that the otologic 
suigeon still has the lesponsibility of determining the condi¬ 
tion of eochleai function as accuiately as possible, befoie 
attempting to pi edict the effects of suigery m the individual 
case The companson of an- and bone-conduction sensitivity 
alone is not adequate m most cases Qualitative judgments 
can be made with other tests, such as loudness-balance re¬ 
el uitment techniques, the disci immation scoie foi speech, etc 
Oui expeilence with the auial-harmonic test as one of a 
battery of such pioceduies has been very helpful The use 
of this technique as an actual quantitative measuie of eochleai 
function has intei esting potentialities, and the accumulation 
of data m a significantly laige sample of otoscleiotic eais is 
now being earned out m an attempt to determine the ment 
of this possibility 
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SUMMARY 

Peitment liteiatuie is leviewed, citing evidence foi the 
post-opeiative impiovement of bone-conduction sensitivity 
m the eai with a heaung loss due to clinical otoscleiosis It 
is emphasized that m most cases the measuiement of bone- 
conduction thiesholds m the eai with otoscleiotic pathology 
may give an maccuiate pictuie of the tiue capability of the 
01 gan of Corti to lespond to osseous stimulation 

The theoiy behind the auial-haimonic (auial-oveiload) 
test as a measuie of cochleai function is buefly leviewed, 
and pievious studies on human eais aie discussed In oidei 
to compaie the lelative stability of the two techniques (bone- 
conduction and haimomc measuiements) m the evaluation 
of cochleai leseive, an-conduction, bone-conduction and auial- 
harmonic thiesholds weie obtained befoie and aftei eithei 
stapes mobilization 01 fenestiation suigeiy in 19 patients 
with clinical otoscleiosis A total of 20 eais was examined 

It was found that at 1000 cps theie was a mean impiove¬ 
ment of 22 db for ail conduction, 10 db by bone conduction, 
and a mean change m the lineai lange of heaung of only 3 
db In the eais tested completely at 2000 cps, a mean im¬ 
provement of 19 db m the au-conduction tlneshold, a change 
of 9 db m bone conduction, and no mean change m the 
haimomc thieshold was found, thus, m this sample, the 
auial-harmomc test was found to be a moie stable measuie 
than the bone-conduction threshold Five lllustiative cases 
aie presented and discussed 

The influences of stapes ankylosis and suigical intei vention 
on the physiology of bone conduction aie discussed It is con¬ 
cluded that more reliance must be placed on audiometnc 
techniques that aie not influenced by anatomic and physio¬ 
logical changes m the middle ear in attempting to judge the 
status of the oigan of Coiti adequately The aural-harmonic 
test, as one of a batteiy of such techniques, is pioposed as an 
adjunct to a complete diagnostic evaluation of the patient 
with clinical otosclerosis 
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THE CONTROL OF ITCHING OF THE EXTERNAL EAR 
WITH SANDOSTENE ® 


Wallace Rubin, M D , 
and 

Jack R Anderson, M D , 

New Oileans, La 

A number of investigates have reported the effective use 
of Sandostene® m lelievmg piuntis associated with a vanety 
of alleigic deimatologic conditions This is a fust leport of 
the use of this piepaiation exclusively foi the lehef of piuntis 
associated with external eai conditions We have evaluated 
Sandostene® m 147 cases of itching associated with pathology 
of the external eai The conti ol of itching has been diamatic, 
and the incidence of side effects has been minimal 

Sandostene® chemically is l-MethyM-ammo-N^phenyl-N 1 - 
(2 1 -thenyl) pipendme tartiate The diug is commercially 
available as an enteric coated tablet, each tablet containing 
25 milhgiams of the active substance Phaimacologicallv, 
Sandostene® has been shown to exhibit a vanety of effects 
winch would influence alleigic piocesses Its thiee physiologic 
actions, antipeimeability, anticholonei gic action and hista¬ 
mine antagonism make it ideally suited foi the tieatment of 
piuntis, as well as foi contiolhng alleigic lesponses 

The conti ol of itching in the external eai is a most impor¬ 
tant theiapeutic pioblem The patient tiaumatizes the skin 
of his eai canal m an attempt to 1 eh eve the symptoms of itch¬ 
ing, and m this way opens the pathway foi infection Sciatch- 
mg is an attempt to leplace the burning, itching feeling with 
a less unpleasant sharpei sticking but moie painful sensa¬ 
tion The painful sticking sensation leplaces the burning 
itching sensation even though itching fibeis aie still being 
stimulated As soon as we stop sciatching, the painful sen¬ 
sations of short duiation cease, and the itching sensation 
again becomes pionounced We then try to leplace it with 

Editor s Note This manuscript received in the Laryngoscope Office and 
accepted for publication Nov 7 1957 
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sticking pam by sciatchmg, and the moie we sciatch the 
moie aftei discliaige of unpleasant itch occuis The sciatch- 
mg tiaumatizes the eai canal, and m this way secondaiy in¬ 
fection can begin 


MATERIAL AND METHOD 

Tins study was based on obseivations made m 147 patients 
seen m pnvate piactice ovei a penod of appioximately one 
yeai All complained of vanous degiees of itching associated 
with pathology of the external eai In some cases the pathol¬ 
ogy was primary m the external eai, and m a numbei of 
cases the pathology was secondaiy to middle eai infections 

This study was designed to evaluate the symptomatic leliet 
of itching and to determine whether the lelief of itching in¬ 
fluenced the length of time necessaiy to conti ol the pathologic 
condition We weie intei ested m determining the most ef¬ 
fective dosage of Sandostene® foi conti ollmg itching, and we 
weie further intei ested m determining whethei we could 
pi event external eai infections which weie due to sciatchmg 
the skin of the eai canal m an attempt to lelieve itching 

dosage 

Sandostene® m 25 mm tablets, coated and uncoated, weie 
available at vanous times dunng oui study Oui dosage 
loutme vaned and was influenced by the response of the 
patient In acute conditions wheie theie was infection and 
maiked itching, we started the patient on 50 mgm Sando¬ 
stene®, four times a day Wien theie was no lehef with the 
first 24 houis, we instructed the patient to double the dosage 
so that the total dosage would reach 400 mgm pei day In in¬ 
stances where theie were side effects of diowsmess oi nausea 
we instructed the patient to diop the dosage to 25 mgm foui 
times a day 

After a 72-houi-dosage schedule such as outlined above, 
the patients weie instructed to cut the dosage of Sandostene® 
to eithei 25 or 50 mgm as necessaiy foi itching In a small 
numbei of cases wheie the medication was used foi children 
oi m adults who could not easily swallow tablets, Sandostene® 
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syiup was used Theie seemed to be no difference m the 
theiapeutic effectiveness of the medication when used m the 
foim of syiup 

Patients leported lelief fiom itching in 20 to 30 minutes 
when Sandostene® was used The duiation of effect was very 
difficult to evaluate, as the medication was taken loutmely 
at foui houi intervals in acute cases When the patients 
weie on the PRN dosage schedule, they expenenced lelief 
fiom itching foi as long as 24 to 48 houis Obviously, this 
did not indicate a piolonged Sandostene® effect, but lathei 
that itching did not lecui 


TABLE I 


No of 

Diagnosis Patients 

Other 

Dosage Treatment 

200mg 

per da\ Other 

Relief of Itching 
Within 24 Hours 

Comp Part Rone 

Side 

Effects 

Dry 

mouth Nausei 

Diffuse External Otitis— 

69 

60 

19 

51 

60 

6 

3 

3 

4 

Eczematoid Ext Otitis.. 

33 

26 

7 

24 

27 

3 

3 

2 

4 

Secondary External Otitis 

i 9 

8 

i 

9 

2 

4 

3 

1 

0 

Postoperative _ _ 

6 

5 

i 

6 

0 

3 

3 

1 

0 

Perforation .. - 

1 

i 

0 

1 

1 

0 

0 

0 

0 

Chronic Otitis Media 

2 

2 

0 

2 

1 

1 

0 

0 

0 

Otom-\ cosis__ _ _ 

. 6 

4 

2 

6 

0 

0 

0 

0 

0 

External Canal Pruritls 

(No Specific Etiology) 

6 

6 

0 

0 

4 

2 

0 

0 

0 

Circumscribed External 

Otitis __ 

24 

19 

5 

15 

9 

9 

b 

1 

0 


RESULTS 

The summaiy of findings aie indicated m Table I The 
summary indicates that the majonty of cases tieated weie 
eithei diffuse external otitis oi eczematoid external otitis 
Theie was lelief of itching m appioximately 90 pei cent of 
these cases within 48 houis The majonty of these cases 
weie using othei local and systemic medications to contiol 
the diffuse infection In oui experience only 30 pei cent of 
patients aie lelieved of itching with the usual geneial oi local 
theiapeutic agents 

In the classifications of otomycosis and external otitis 
secondary to middle eai pathology the lelief of piuntis was 
piompt and complete, regaidless of the causative oigamsm 
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Of special intei est to us weie the cases in the categoiy of 
external canal piuntis with no specific etiology Heie again 
theie was complete lelief of itching, this theiapeutic 1 espouse 
was not lepioducible with any othei medication 

The categoiy m which the pool est lesults weie obtained 
was in the cncumsenbed external otitis Relief of itching 
w as obsei ved m only about 50 pei cent of the cases, and this 
closely appioximated the lesults obtained with othei medica¬ 
tions 


SAFETY 

The incidence of side effects was appioximately 10 pei cent 
Nausea and maiked diyness of the mouth weie expenenced, 
but neithei weie of paiticulai consequence as they weie ie- 
lieved by cessation of the use of the medication In all but 
two cases the patients weie able to continue the use of the 
diug, as the side effects weie so minimal in natuie In only 
two cases did the patients volunteei the symptom of nausea 
oi diyness of the mouth In the othei 13 cases we had to 
elicit the symptom by dnect questioning of the patients 

CONCLUSION 

In oui senes of 147 cases external canal pathology we 
have found that Sandostene® is an excellent theiapeutic tool 
foi the subjective lelief of itching It piovided lelief of 
itching m 90 pei cent of the cases studied and is, theiefoie, 
an excellent adjunct medication m the treatment of external 
otitis It is oui belief that one of the pi unary factois m 
the pathophysiology of external canal infections, such as ex¬ 
pel lenced m moie humid climates, and infections associated 
with swimming, is that the patient lesponds to the itching of 
the eai canal by scratching The tiauma inflicted opens 
pathways of infection that weie not piesent, and an eai canal 
infection ensues 

We have found that the use of Sandostene® foi symptomatic 
lelief of itching is extiemely effective m pi eventing eai in¬ 
fections Individuals who have consideied themselves as hav¬ 
ing cluonic eai infections have been amazed to find that 
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then flareups \\ eie few and fai between when Sandostene® 
was used foi the symptomatic conti ol of itching Pi eventing 
scratching and subsequent tiauma of the skm of the eai 
canal maintains the pH of the skm of the ear canal and thus 
pi events the development of conditions conducive to infection 

SUMMARY 

1 90 pei cent of the patients tieated obtained lehef of 
piuntis, within the fust 24 houis of Sandostene®, theiapv 

2 We have found that 50 mgm of Sandostene®, foui times 
daily, is the piefened dosage foi the first 72 houis, aftei 
that time dosage is alteied to eithei 25 oi 50 mgm taken as 
necessary foi itching 

3 We have furthei found that childien can toleiate sunilai 
dosages eithei m the compiessed tablet form oi in the foim of 
Sandostene® syrup 

h Ten pei cent of cases experienced side effects of eithei 
nausea oi extiemely drv mouth, but m all cases the side effects 
lesponded either to lowenng the dosage oi discontinuing the 
drug 

We have found no essential relationship between the cause 
of the external auditory piuntis and the ability of Sando¬ 
stene® to piovide relief of itching We feel very stiongly 
that Sandostene® is an excellent agent to be used foi its anti¬ 
pruritic effect m external auditory canal pathology 

BIBLIOGRAPHY 

1 Baker, Kewcth B A New Anti Histaminic for the Treatment of 
Dermatologic Disorders £ W Med Julv, 1955 

2 Cerletti A and Rotht.ttv E The Pharmacological Basis of Calcium 
Antihistamine Combination Internat Arch Allergy and Applied Im 
mttnol 6 4 1954 

3 Cixix Noratat W A New Anti-Histamine for Treatment of Various 
Allergic Manifestations Ann Allergy, March April 1955 

4 Len-dealatr W Experience with Sandostene Combined with Cal 
cium Sandoz (ASZ 16) In the Treatment of Allergic Skin Diseases 
Internal Arch Allergy and Applied Immunol, 1 1, 1955 

5 Sexturia B H et au, Svmposium Medical Management of Chron 

•Sandostene© supplied by Sandoz Pharmaceuticals Division of Sandoz 
Chemical Works Inc. Route 10 Hanover N J 
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Of special inteiest to us weie the cases m the categoiy of 
external canal piuntis with no specific etiology Heie again 
theie was complete lelief of itching, this theiapeutic response 
was not lepioducible with any othei medication 

The categoiy m winch the pool est lesults weie obtained 
was m the cncumscnbed external otitis Relief of itching 
was obseived m only about 50 pei cent of the cases, and this 
closely appioximated the lesults obtained with othei medica¬ 
tions 


SAFETY 

The incidence of side effects was appioximately 10 pei cent 
Nausea and maiked diyness of the mouth weie expenenced, 
but neithei weie of paitieulai consequence as they weie le- 
lieved by cessation of the use of the medication In all but 
two cases the patients weie able to continue the use of the 
diug, as the side effects weie so minimal in natuie In only 
two cases did the patients volunteei the symptom of nausea 
oi diyness of the mouth In the othei 13 cases we had to 
elicit the symptom by dnect questioning of the patients 

CONCLUSION 

In oui senes of 147 cases external canal pathology we 
have found that Sandostene® is an excellent theiapeutic tool 
foi the subjective lelief of itching It provided lelief of 
itching m 90 pei cent of the cases studied and is, theiefoie, 
an excellent adjunct medication m the treatment of external 
otitis It is oui belief that one of the pnmary factois m 
the pathophysiology of external canal infections, such as ex¬ 
perienced m moie humid climates, and infections associated 
with swimming, is that the patient lesponds to the itching of 
the eai canal by sciatchmg The tiauma inflicted opens 
pathways of infection that weie not piesent, and an eai canal 
infection ensues 

We have found that the use of Sandostene® foi symptomatic 
lelief of itching is extiemely effective m pi eventing eai in¬ 
fections Individuals who have consideied themselves as hav¬ 
ing chionic ear infections have been amazed to find that 
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their flaieups veie few and fai between when Sandostene® 
was used foi the symptomatic control of itching' Pi eventing 
scratching and subsequent tiauma of the skm of the ear 
canal maintains the pH of the skm of the ear canal and thus 
pievents the de\elopment of conditions conducive to infection 

SUMMARY 

1 90 pei cent of the patients tieated obtained lehef of 
pruntis, within the fust 24 houis of Sandostene®, theiapy 

2 We have found that 50 mgm of Sandostene®, foui times 
daily, is the piefeired dosage foi the fust 72 hours, after 
that time dosage is alteied to eithei 25 oi 50 mgm taken as 
necessary foi itching 

3 We have furtliei found that childien can toleiate similar 
dosages eithei in the compiessed tablet form oi m the form of 
Sandostene® syrup 

4 Ten pei cent of cases expenenced side effects of eithei 
nausea oi extiemely dry mouth, but m all cases the side effects 
responded eithei to lovenng the dosage oi discontinuing the 
drug 

We have found no essential lelationship between the cause 
of the external auditory piuntis and the ability of Sando¬ 
stene® to piovide lelief of itching We feel very stionglv 
that Sandostene® is an excellent agent to be used foi its anti¬ 
pruritic effect in external auditory canal pathology 

BIBLIOGRAPHY 

1 Baker, Kexxfth B A New Anti-HIstaminic for the Treatment of 
Dermatologic Disorders S TV A ted July, 1955 

2 Cerlettt A and Rothlik E The Pharmacological Basis of Calcium 
Antihistamine Combination Internet Arch Allergy and Applied Im 
munol 6 4 1954 

3 Ceeta XoniiAA w A New Anti-Histamine for Treatment of Various 
Allergic Manifestations Ann Allergy, March-Aprll 1955 

4 Lctdeiiayr W Experience with Sandostene Combined with Cal 
cium-Sandoz (ASZ 16) In the Treatment of All ergic Shin Diseases 
Intemat Arch Allergy and Applied Immunol 7 1, 1955 

5 Semusia B H et An Symposium Medical Management of Chron 

•Sandostene® supplied by Sandoz Pharmaceuticals Division of Sandoz 
Chemical Works Inc. Route 10 Hanover N J 



194 RUBIN & ANDERSON SANDOSTENE IN ITCH EXT EAR 


ic Otic Skin Infections Trans Amcr Acad Ophthalmol and Otolaryngol , 
Sept Oct., 1954 

6 Semuthia, B H, et al An Evaluation of Certain Therapeutic 
Adjuncts and Procedures in the Treatment of Acute Diffuse External 
Otitis The Lvriagoscope, Dec 1954 

7 Seatoris., Ben H. Diffuse External Otitis Pathogenesis and Treat 
ment The Larya go scope, May, 1955 


COURSE IN RECONSTRUCTIVE NASAL SURGERY 

The Department of Otolaryngology, University of Cincin¬ 
nati College of Medicine, announces a Course m Reconstruc¬ 
tive Suigery of the Nasal Septum and External Pyramid The 
course will be undei the dnection of Di Maurice H Cottle, 
Piofessor of Otolaryngology, Chicago Medical School, and a 
selected faculty, m association with the American Rhmologic 
Society, April 12 through Apul 19, 1958 Class membeiship 
limited Tuition $350 00 Please apply to Di Henry M Good¬ 
year, Professoi of Otolaryngology, College of Medicine, Eden 
and Bethesda Avenues, Cincinnati 19, Ohio 



THE 11TH CONGRESS OF THE INTERNATIONAL 
ASSOCIATION OF LOGOPEDICS AND PHONIATRICS 


The 11th Congiess of the International Association of 
Logopedics and Phomatncs will take place m London, August 
17-22, 1959 The following official leports will be piesented 
The Inheritance of Voice and Speech Disoideis, Piof R 
Luchsingei, MD, Zunch, Defects of Articulation, Munel 
Morley, B Sc , F C S T , Newcastle, The Physiology and 
Pathology of the Soft Palate, Pi of Lucio Cioatto, MD, 
Padua The official languages of the Confeience will be 
English, French, and German 

Those woikmg m the field of Speech and Voice Theiapy 
and all who aie intei ested m this specialty aie invited to 
attend and to submit papers 

If intending to be piesent, whether submitting a papei or 
not, please inform the Congiess Secietary at the eailiest 
possible date 

Papeis aie invited on subjects relevant to the three mam 
leports oi any othei aspect of* speech and voice Only one 
conti lbution will be accepted fiom any one membei of the 
Congiess and this must not have been pieviously published 
The Committee leserves the light to select papers Papers 
should be lestucted to 15 minutes m length, demonstiations 
to 10 minutes In special cases 20 minutes may be allowed foi 
a papei of gieat importance but only if application is made 
at the tune of submitting the title Should a group of four 
oi moie people wash to piesent a symposium oi a piepaied 
discussion on a theme, considei ation will be given to allocating 
up to one houi foi such a conti lbution 

Titles must be leceived by Septembei, 1958 Summanes 
must be leceived not latei than Novembei 15th, 1958 

All communications aie to be sent to Peggy Cartel, 
L C S T , 46 Canonbury Squaie, London, N 1 
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SUBCOMMITTEE ON HEARING IN CHILDREN 


The Amencan Academy of Ophthalmology and Otolaryn¬ 
gology, through its Subcommittee on Hearing m Children of 
the Committee on Consenation of Hearing, has been conduct¬ 
ing a long-term nationwide studv of problems relating to the 
consen ation of hearing in children The specific aims are to 
de\elop the most efficient case-finding methods and to use 
these methods m estimatmg the magnitude of the problem in 
the country, to studv state laws and review current practices 
and facilities foi rehabilitation of hearing unpaired children, 
to help develop methods for medical and surgical rehabilita¬ 
tion standaids, and ultimately to use the Subcommittee find¬ 
ings in assisting professional workers to improve and enhance 
progiams m hearing loss 

In the second vear of operations, a full-time Executive 
Directoi has been engaged, and offices established at the 
Giaduate School of Public Health, University of Pittsburgh 
An initial study is being conducted in Pittsburgh to identify 
early medical signs and symptoms which may indicate danger 
of hearing impairment, to measure the psychological, social 
and other effects of such impairment and to develop efficient 
and economical methods foi the testing of hearing m children 
The Pittsburgh studv is a cooperative effort among the fol¬ 
lowing The Subcommittee on Hearing m Children, the 
Graduate School of Public Health and the School of Medicine 
of the University of Pittsburgh, the Pittsburgh Board of 
Public Education, and the Allegheny County Department of 
Health 

The members of the Subcommittee on Hearing m Children 
are Dr John E Bordlev, Baltimore, Dr Victor Goodhill, 
Los Angeles, Dr Hollie E McHugh, Montreal, Dr S Rich¬ 
ard Silverman, St Louis, and Dr Raymond E Jordan, 
(Chairman) Pittsburgh An advisory committee of consult¬ 
ants from the University of Pittsburgh includes Dr Samuel M 
Wishik, Dr Leo G Doerfler, and Dr Isidore Altman. Grants 
from the United States Children's Bureau through the Penn¬ 
sylvania Department of Health and from the National In¬ 
stitutes of Health are providing fmancial support 
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DIRECTORY OF OTOLARYNGOLOGIC SOCIETIES 

(Secretaries of the various societies are requested to keep this 
Information up to date) 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President I>r Erllng W Hansen, 90 So Ninth SL, Minneapolis, Minn 
Executive Secretary Dr William L Benedict, Mayo Clinic, Rochester, 
Minn 

Meeting Palmer House, Chicago, Ill 


AMERICAN BOARD OF OTOLARYNGOLOGY 

Meeting Palmer House, Chicago, Ill 


AMERICAN BRONCHO ESOPHAGOLOGICAL ASSOCIATION 

President Dr Walter Hooter, 605 Commonwealth Bldg, Boston, Mass 
Vice-President Dr Walter P Work, 384 Post SL, San Francisco Calif 
Secretary Dr F Johnson Putney, 1719 Rlttenhouse Square, Philadel 
phia. Pa. 

Treasurer Dr Verling K. Hart, 106 W 7th SL, Charlotte, N C 
Meeting Mark Hopkins Hotel, San Francisco, Calif, May 21-23, 1958 


AMERICAN LARYNGOLOGICAL ASSOCIATION 

President Dr Harry P Schenk, 326 S 19th St, Philadelphia 3 Pa. 

Secretary Dr James H Maxwell University Hospital Ann Arbor Mich 

Place Fairmont Hotel, San Francisco Calif , May 19 20, 1958 

AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAL 

SOCIETY, INC 

President Dr Lawrence R. Boies, University Hospital, Minneapolis 14, 
Minn 

Secretary Dr C Stewart Nash 700 Medical Arts Bldg, Rochester 7, 
N \ 

Place Mark Hopkins Hotel San Francisco, Calif May 2123 1958 
Place The Homstead Hot Springs, Va., March, 1959 


AMERICAN MEDICAL ASSOCIATION, 

SECTION ON LARYNGOLOGY, OTOLOGY AND RHINOLOGY 

Chairman Dr Gordon D Hoople, Syracuse, N Y 
Vice-Chairman Dr Kenneth L Craft, Indianapolis, Ind. 

Secretary Dr Hugh A. Kuhn Hammond, Ind 

Representative to Scientific Exhibit Walter Heck, M.D, San Francisco, 
Calif. 

Section Delegate Gordon Harkness, M D , Davenport, Iowa 
Alternate Delegate Dean Lierle, M D., Iowa City, Iowa. 
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SUBCOMMITTEE ON HEARING IN CHILDREN 

The Ameiican Academy of Ophthalmology and Otolaryn¬ 
gology, thiough its Subcommittee on Healing m Children of 
the Committee on Conseivation of Heanng, has been conduct¬ 
ing a long-term nationwide study of pioblems relating to the 
conservation of heanng m children The specific aims are to 
develop the most efficient case-finding methods and to use 
these methods in estimating the magnitude of the problem m 
the country, to study state laws and review current practices 
and facilities foi rehabilitation of healing impaired children, 
to help develop methods foi medical and surgical rehabilita¬ 
tion standaids, and ultimately to use the Subcommittee find¬ 
ings m assisting professional workeis to improve and enhance 
programs m heanng loss 

In the second yeai of operations, a full-time Executive 
Dnectoi has been engaged, and offices established at the 
Giaduate School of Public Health, Univeisity of Pittsburgh 
An initial study is being conducted m Pittsbuigh to identify 
eaily medical signs and symptoms which may indicate danger 
of heanng impairment, to measuie the psychological, social 
and othei effects of such impairment and to develop efficient 
and economical methods foi the testing of hearing m children 
The Pittsbuigh study is a cooperative effort among the fol¬ 
lowing The Subcommittee on Healing m Children, the 
Graduate School of Public Health and the School of Medicine 
of the University of Pittsburgh, the Pittsbuigh Board of 
Public Education, and the Allegheny County Department of 
Health. 

The members of the Subcommittee on Heanng in Children 
are Di John E Bordley, Baltimore, Dr Victor Goodhill, 
Los Angeles, Dr Hollie E McHugh, Montreal, Dr S Rich¬ 
ard Silverman, St Louis, and Dr Raymond E Joidan, 
(Chairman) Pittsburgh. An advisory committee of consult¬ 
ants fiom the University of Pittsburgh includes Dr Samuel M 
Wishik, Dr Leo G Doerflei, and Dr Isidore Altman Giants 
from the United States Children's Bureau through the Penn¬ 
sylvania Department of Health and from the National In¬ 
stitutes of Health are providing financial support 
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ASOCIAC10N DE OTO-RINO LARINGOLOGia DE BARCELONA, SPAIN 

Presidente Dr J Abello 

Vice-Presldente Dr Luis Sufie Medan 

Secretaries Dr Jorge Perellb, 319 Pro\enza, Barcelona. 

Vice-Secretario Dr A Pinart 
Vocal Dr J M Ferrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch, 1039 No Calvert SL, Baltimore, Maryland 
Secretary Treasurer Dr Theodore A Schwartz 


BUENOS AIRES CLUB OTOLARINGOLOG1CO 

Presidente Dr K Segre 
Vice-Presldente Dr A P Belou. 

Secretario Dr S A Aranz 
Pro Secretario Dr J M Tato 
Tesorero Dr F Games 
Pro Tesorero Dr J A Bello 

CANADIAN OTOLARYNGOLOGICAL SOCIETY 
SOCIETE CANADIENNE D'OTOLARYNGOLOGIE 

President Dr Robert T Hayes, 42 Cobourg SL, SL John N B 
Secretars Dr Donald VI McRae, 324 Spring Garden Rd Halifax, N S 
Meeting No\a Scotian Hotel Halifax, N S June 9 11 1958 

CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C Otrich. Belleville, Ill 

President Elect Dr Phil R. McGrath Peoria, Ill 

Secretary Treasurer Dr Alfred G Schultz, Jacksonville, Ill 


CHICAGO LARYNGOLOGICAL AND OTOLOGICAL SOCIETY 

President Dr Stanton A Friedberg 122 So Michigan Ave , Chicago 3, 
Ill 

Vice-President Dr Maurice Snitman, 408 So 5th Ave Maywood, Til. 
Secretary Treasurer Dr Fletcher Austin TOO No Michigan Ave, Chi 
cago 11 Ill 

Meeting First Monday of each Month October through May 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Grdnwald S 
Vice President Dr Agustin Estartus 
Secretary Dr Marcos Chaimovich S 
Treasurer Dr Benjamin Kapkan K. 

Director Dr Alberto Basterrica A 

DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Ludwig A Michael, 3707 Gaston Ave, Dallas, Tex. 
Vice-President Dr Hal W Maxwell 

Secretary Treasurer Dr Edward A Newell, 1511 No Beckley, Dallas 8 
Tex 
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AMERICAN OTOLOGICAL SOCIETY, INC 

President Dr Dean M Lierle, State University of Iowa, Iowa City, la 
Secretarj Dr Lawience R Boies, University Hospitals, Minneapolis 14, 
Minn 

Place Faiimont Hotel San Francisco Calif, May 17 18, 1958 
Place The Homestead, Hot Springs, Va, 1959 

AMERICAN OTORHINOLOGIC SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCTIVE SURGERY 

President Dr Joseph Gilbert, 111 E 61st St, New York, N Y 
Vice President Dr Kenneth Hinderer, 402 Medical Arts Bldg , Pitts 
burgh Pa 

Secretarv Dr Louis Joel Felt, 66 Park Ave, New York 16, N Y 
Treasurer Dr Arnold L Caron, 36 Pleasant St, Worchester, Mass 


AMERICAN RH1NOLOG1C SOCIETY 

President Dr Russell I Williams, 408 Hjnds Bldg, Cheyenne Wjo 
Secretarj Dr Robert M Hansen, 1735 No "Wheeler Ave , Portland, Ore 
Annual Clinical Session Illinois Masonic Hospital, Chicago, Ill, October 
1968 

Annual Meeting October 1958, Chicago Ill (Definite time and place to 
be announced later) 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Irvin J Fine, 506 New Brunswick Ave Perth Amboy 
N J 

^Secretary Dr Samuel M Bloom, 123 East 83rd St, New York 28 N Y 
Meeting Columbus Ohio, March 7-8, 1958 

AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampsej Grant Bldg, Pittsburgh 19 Pa 
Secretary Treasurer Dr Daniel S DeStio, 121 S Highland Ave, Pitts 
burgh 6 Pa 

Annual Meeting Palmer House Chicago Ill October 16 17, 1958 

ASSOC1ACAO MEDICA DO INSTITUTO PEN1DO BURNIER— 

CAMPINAS 

President Dr Lech Junior 
First Secretary Dr Franco do Amaral 
Second Secretary Dr J M Quelroz Abreu 
Librarian Treasurer Dr Souza Queiroz 

Editors for the Archives of the Society Dr Guedes de Melo Filho, Dr 
Antonio de Almeida and Dr Gabriel Pbrto 
Meetings Twice every month first and third Thursday 8 30 P M 


ASOCIACION DE OTORRINOLARINGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 

Presidente Dr Julio Quevedo 15 Calle Oriente No 5 
First Vice-Presidente Dr Hfictor Cruz 3a Avenlda Sur No 72 
Second Vice-Presidente Dr JosS Luis Escamilla, 5a Calle Poniente 
No 48 

Secretarlo-Tesorero Dr Horace Polanco 13 Calle Poniente No 9 D 
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LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Sol Rome 
Secretary Treasurer Dr Max E Pohlman 
Chairman of Ophthalmology Section Dr Richard Kratz 
Secretary of Ophthalmology Section Dr Carrall A. McCoy 
Chairman of Otolaryngology Section Dr Howard G Gottschalk, 
Secretary of Otolaryngology Section Dr Robert W Godwin 
Place Los Angeles County Medical Association Bldg, 1925 Wllshlre 
Bl\d Los Angeles Calif 

Time 6 30 P M last Monday of each month from September to June, 
inclusive—Otolaryngology Section 6 30, first Thursday of each month 
from September to June, inclusive—Ophthalmologv Section 


LOUISIANA MISSISSIPPI OPHTHALMOLOGICAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr H K. Rouse, 1300 27th Ave, Gulfport, Miss 
Vice-President Dr A J McComiskey, 3420 Prytonia SL, New Orleans, La- 
Secretary Dr Edlev H Jones 1301 Washington SL Vicksburg, Miss 
Meeting 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretarv Treasurer Dr Roland H Myers, 1720 Exchange Bldg, Mem 
phis, Tenn 

Assistant Secretary Treasurer Dr William F Murrah, Jr, Exchange 
Bldg, Memphis Tenn 

Meeting Second Tuesday in each month at S 00 pan at Memphis Eve 
Nose and Throat HospitaL 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoide, Mexico, D F 
Vice-President Dr M Gonzales tnioa, Mexico, D F 
Secretary Dr Juan De Dios Peza Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Princeton, Mo 

Secretary Treasurer Dr Harold Swanberg Quincy, Ill 

Assistant Secretary Treasurer Dr Jacob E Reisch Springfield Ill 

NETHERLANDS SOCIETY OF OTORHINOLARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundige Vereemglng ) 

President Dr H. Navis Sonsbeehweg 6 Arnhem 

Secretary Dr W H Struben J J Vlottastraat 1 Amsterdam. 

Treasurer Mrs F Velleman Pinto Jac Obrechtstr 66, Amsterdam 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele Kinston Clinic, Kinston N w 
Vice-President Dr George E Bradord Winston Salem N C 
Secretary Treasurer Dr J D Stratton, 1012 Kings Drive, Charlotte 7 
N C 
Meeting 
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FEDERACION ARGENTINA, 

DE SOCIEDADES DE OTORRINOLARINGOLOGIA 

Secretary of the Interior Prof Dr Atilio Viale del Canil 
Secretary of Exterior Dr Aldo G Remorino 
Secretary Treasury Prof Dr Antonio CarraacoBa 
Pro Secretary of the Interior Prof Dr CarloB P Mercandiuo 
Pro Secretary of the Exterior Prof Dr Jaime A. del Sel 
Pro Secretary of the Treasury Dr Jorge Zubizarreta 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M Noubleau, San Salavador 
Secretary Treasurer Dr Hector R. Silva, Calle Arce No 84, San Saiva 
dor, El Salvador, Central America 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Chas C Grace 145 King St, St Augustine, Fla , 
President Elect Dr Jos W Taylor, 706 Franklin SL, Tampa Fla 
Secretary Treasurer Dr Carl S McDemore, 1217 Kuhl Ave , Orlando, Fla 


FOURTH LATIN AMERICAN CONGRESS OF 
OTORINOLARINGOLOGIA 

President Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr William B Steinman 
President Elect Dr James H Mendel Jr 
Secretary Treasurer Dr H Carlton Howard 

Meeting quarterly (March May October and December) on the second 
Thursday of the month 6 30 P M at Urmey Hotel Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 

President Dr Theodor Hunermann, Dusseldorf, Germany 
Secretary Dr Chevalier L Jackson, 3401 N Broad St Philadephia 40 
Pa U S A. 

Meeting Sixth International Congress of Bronchoesopbagology, Phlla 
delphla 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H Steele 
President Elect Dr Dick H. Underwood 

Secretary Dr James T Robison 4620 J C Nichols Parkway Kansas 
City, Mo 

Meeting Third Thursday of November, January February and April 
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LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


President Dr Sol Rome 
Secretary Treasurer Dr Max E Pohlman 
Chairman ot Ophthalmology Section Dr Richard Kratz 
Secretary of Ophthalmology Section 
Chairman of Otolaryngology Section 
Secretary of Otolaryngology Section 
Place Los Angeles County Medical Association Bldg, 1925 Wllshlre 
Bl\d, Los Angeles Calif. 

Time 6 30 P M last Monday of each month from September to June, 
Inclusive—Otolaryngology Section 6 30 first Thursday of each month 
from September to June inclusive—Ophthalmology Section 


Dr Carrall A McCoy 
Dr Howard G Gottschalk 
Dr Robert W Godwin 


LOUISIANA-MISSISSIPP! OPHTHALMOLOGICAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr H K. Rouse, 1300 27th Ave, Gulfport, Miss 
Vice-President Dr A. J McComlBkey, 3420 Prytonia SL, New Orleans, La- 
Secretary Dr Edle\ H Jones 1301 Washington St, Vicksburg, Miss 
Meeting 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary-Treasurer Dr Roland H Mjers, 1720 Exchange Bldg, Mem 
phis, Tenn. 

Assistant SecretarvTreasurer Dr 'William F Murrah, Jr, Exchange 
Bldg, Memphis Tenn 

Meeting Second Tuesday In each month at S 00 p m at Memphis Eve 
Nose and Throat Hospital 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBolde, Mexico D F 
Vice-President Dr M Gonzales Ulloa Mexico D F 
Secretary Dr Juan De Dios Peza Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Princeton, Mo 

Secretary Treasurer Dr Harold Swanberg Quincy, Ill 

Assistant Secretary Treasurer Dr Jacob E Reisch Springfield Ill 

NETHERLANDS SOCIETY OF OTORHINOLARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundige Vereenigmg) 

President Dr H. Navis Sonsbeehweg 6, Arnhem 

Secretary Dr W H. Struben, J J Yiottastraat 1 Amsterdam. 

Treasurer Mrs F Yelleman Pinto Jac Obrechtstr 66 Amsterdam 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele Kinston Clinic Kinston N v 
Vice-President Dr George E Bradord Winston Salem N C 
Secretary-Treasurer Dr J D Stratton, 1012 KIngB Drive Charlotte 7 
N C 
Meeting 
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NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 

President Mr G L Thompson, 16 Ramshill Road, Scarborough, York 
shire 

Vice-President Mr J H Otty, Frizley Old Hall, Frizinghall Road, 
Bradford, Yorkshire 

Secretary and Treasurer Mr R Thomas, 27 High Petergate, York, 
Yorkshire 


OTOSCLEROSIS STUDY GROUP 

President Dr Joseph A Sullivan, 174 St George St, Toronto 6, Canada 
Secretary Treasurer Dr Arthur L Juers, 611 Brown Bldg t Louisville, 
Ky 

Meeting Palmer House, Chicago, 111 


PACIFIC COAST OTO-OPHTHALMOLOGICAL SOCIETY 

President H Leroy Goss, M D , 620 Cobb Bldg Seattle 1, Washington 
Secretary Treasurer Homer E Smith MD, 508 East South Temple 
Salt Lake City, Utah 
Meeting 


PAN AMERICAN ASSOCIATION OF OTO RHINO LARYNGOLOGY 
AND BRONCHO ESOPHAGOLOGY 

President Dr Jose Gros, Havana, Cuba 

Executive Secretary Dr Chevalier L Jackson, 3401 N Broad St, Phila 
delphia 40 Pa., U S A. 

Meeting Sixth Pan American Congress of Oto-Rhino Laryngology and 
Broncho-Esophagology 
Time and Place Brazil, 1968 


PHILADELPHIA LARYNGOLOGICAL SOCIETY 

President Dr Chevalier L Jackson 

Vice-President Dr John J O'Keefe 
Treasurer Dr Joseph P Atkins 

Secretary Dr Louis E Silcox 

Historian Dr Herman B Cohen 

Executive Committee Dr Harry P Schenck, Dr , Benjamin H Shuster 
Dr William A. Lell, Dr , William J Hltschler 


PORTUGUESE OTORHINOLARYNGOLICAL SOCIETY 
President Dr Albert Luis de Mendonca 

Secretary Dr Antonio da Costa Quinta Avenida, de Liberdale 65, 1° 
Lisbon. 


PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Clifton E Benson, Bremerton, Wash. 

President Elect Dr Carl D F Jensen Seattle Wash 
Secretary Dr Willard F Goff, 1215 Fourth Ave Seattle Wash 
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RESEARCH STUDY CLUB OF LOS ANGELES, INC 

Chairman Dr Orrie E GhrisL 210 N Central Are Glendale, Calif 
Treasurer Dr Norman Jesberg, 500 So Lucas Ave , Los Angeles 17, Calif 
Otolaryngology Dr Russell M Decker, 65 N Madison Ave , Pasadena 
1 Calif 

Ophthalmology Dr Warren A. Wilson, 1930 Wilshire Bird., Los An 
geles 57, Calif 

Mid Winter Clinical Convention annually the last two weeks in January 
at Los Angeles Calif 

SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA 

Chairman Dr J L Levine. 

Vice-Chairman Dr Russell Page. 

Secretary Dr James J McFarland 
Treasurer Dr Edward M O'Brien 

Meetings are held the second Tuesday of September November, January, 
March and May, at 6 30 P M, 

Place Army and Navy Club Washington D C 


SCOTTISH OTOLARYNGOLOGICAL SOCIETY 

President E A M Connal 1 Royal Crescent, Glasgow C 3 Scotland. 
Secretary-Treasurer Dr J F Birrell, 14 Moray Place Edinburgh 
Assistant Secretary Dr H D Brown Kelly 11 Sandyrord Place Glas 
gow 


SOC1EDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLARINGOLOGIA (BOGOTA, COLUMBIA) 

Presidente Dr Alfonso Tribin P 
Secretario Dr Felix E Lozano 
Tesorero Dr Mario Arenas A 


SOCIEDAD CUBANA DE OTO LARINGOLOGIA 

President Dr Reinaldo de Vllliers 
Vice-President Dr Jorge de CSxdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA 

Presidente Dr Frank Canosa Lorenzo 
VicePresidente Dr Julio Sanguily 
Secretario Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 

SOCIEDAD DE OTORRINOLARINGOLOGIA Y 
BRONCOESOFAGOSCOPIA DE CORDOBA 

Presidente Dr Aldo Remorino 
Vlce-Presidente Dr Luis E Olsen 
Secretario Dr Eugenio Romero Diaz 
Tesorero Dr Juan Manuel Pradales 

Vocales Dr Osvaldo Sufirez Dr Nondier Asia R., Dr Jorge Bergallo 
Yofre 
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SOCIEDAD DE OTO RINO LARINGOLOGIA, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Sahador Mixco Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M 


SOCIEDAD ESPANOLA DE OTORRINOLARINGOLOGIA 

Presidente Dr D Adolfo Hinojar Pons 
Vice-Presidente Dr D Jose Perez Mateos 
Secretario General Dr D Francisco MarafifiB 
Tesorero Dr D Ernesto Alonso Ferrer 


SOCIEDAD MEXICANA DE OTORRINOLARINGOLOGIA 
Havre 7—Desp 62 
Mexico 6, D F 

Honorary President Dr Ricardo Tapia y Fern&ndez 
President Dr M&xlmo Garcia Castafieda 
Secretary Dr Eduardo de la Parra 
Treasurer Dr Guillermo Pdrez Villasante 
Vocal Dr Rafael Pacchiano 


SOCIEDAD NACIONAL DE CIRUGIA OF CUBA 

Presidente Dr Reinaldo de Villers 

Vice-Presidente Dr Cdsar Cabrera Calderin 

Secretario Dr Josd Xirau 

Tesorero Dr Alfredo M Petit 

Vocal Dr JosS Gross 

Vocal Dr Pedro Hemfindez Gonzalo 


SOCIEDAD OTO RINO LARINGOLOGIA DE LOS 
HOSPITALES DE MADRID 

Presidente Dr Don Fernando Beltrfin Castillo 
Secretario General Dr Don Alfonso Vassallo de Mumbert 
Tesorero Dr Don Rafael Garcia Tapia. 


SOCIEDAD VENEZOLANA DE OTORRINOLARINGOLOGIA 

Presidente Dr Alfredo Cells Pdrez 
Vice-Presidente Dr Bustamante Miranda. 

Secretario General Dr Jesus Miralles 
Tesorero Dr M Matbeus 

Vocales Dr Perez Velasquez and Dr Wilmer Palacios 

SOCIEDADE DE OFTALMOLOG1A E OTORRINOLARINGOLOGIA DO 
RIO GRANDE DO SUL 

President Dr Paulo Fernando EBteves 
Vice-President Dr Jayme Schilling 
First Secretary Dr Carlos Buede 
Second Secretary Dr Moizfis Sabani 
First Treasurer Dr Israel Scherman 
Second Treasurer Dr Rlrad&vla C Meyer 
Librarian Dr Carlos M Carrion 
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S0C1EDAD PANAMENA DE OTORRINOLARINGOLOGIA 


Presidente Dr Manuel Preciado 

First Vice Presidente Dr Alonso Roy 

Second Vlce-Presidente Dr Carlos Arango Carbone 

Secretario Dr Marla Esther Villalaz 

Tesorero Dr Ramon Crespo 

SOC1EDADE PORTUGUESA DE OTORRINOLARINGOLOGIA 

E DE 

BRONCO ESOFAGOLOGIA 

Presidente Dr Alberto Luis De Mendonca. 

Vice-Presidente Dr Jaime de Magalhaes 

1 ° Secretario Dr Antonio da Costa Quinta. 

2 * Secretario Dr Albano Coelho 

Tesourelro Dr Jose Antonio de Campos Henriques 
Vogais Dr Teofilo Esquivel 

Dr Antonio Cancela de Amorim 
Sede Avenida da Liberdade 65 1°, Lisboa 

SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President CapL "William C Livlngnod DSN (M C ) 
Secretary-Treasurer LL Col Sanlev H Bear M C, 3810th USAF Hos 
pital Maxwell AFB Alabama 
Meeting Palmer House Chicago HI 

SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette Orangeburg S C 
Vice-President Dr Robert P Jeanes Easier, S C 
Secretary Treasurer Dr Roderick Macdonald 333 East Main SL, Rock 
Hill S Car 
Meeting 


SOUTHERN MEDICAL ASSOCIATION, 

SECTION ON OPHTHALMOLOGY AND OTOLARYNGOLOGY 

Chairman Dr V Eugene Holcombe Charleston W Va 

Chairman Elect Dr G Slaughter Fitz-Hugh Charlottesville Va. 

Vice-Chairman Dr George M Haik New Orleans La 

Secretarv Dr Mercer G Lvnch New Orleans La 

VIRGINIA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Benjamin Sheppard, 301 Medical Arts Building, Rich¬ 
mond Virginia 

President Elect Dr Emanuel U Wallerstein Professional Building 

Richmond Virginip 

Vice-President Dr Calvin T Burton Medical Arts Building Roanoke 
Virginia 

Secretarv-Treasurer Dr Mavnard P Smith, 600 Professional Building, 
Richmond Virginia 

Meeting 

WEST VIRGINIA ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James K. Stewart Wheeling W Va. 

Secretary-Treasurer Dr Frederick C Reel Charleston W Va. 

Annual Meeting Greenbrier, White Sulphur Springe W Va May 31st 
through June 1st 
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NOTICE TO CONTRIBUTORS 


The Laryngoscope leserves the right of exclusive publication 
of all articles submitted This does not pxeclude their publication 
m Transactions of various Societies 

Manuscupts should be typewritten, double spaced, on one side 
of papei only and with sufficient maigms to allow for corrections 

Authoi’s name and city should appear directly under title on 
fust page, stieet address at end of article 

All punts 01 photographs to be submitted m black and white, 
in good sharp contrast Good halftones depend upon clear photo¬ 
graphs Lme diawmgs foi zmcs to be m black and white Colored 
inks 01 led 01 blue quadulle rulings will not reproduce 

Refeiences should be complete authoi’s surname, initials, 
title of aiticle, Journal, volume, page, month, year 

Six lllustiations will be furnished for each article without cost 
to authoi Authois will please limit illustrations to six or assume 
the expense of additional illustrations 

Proofs will be submitted to authors for corrections If these 
aie not leturned, articles will be published as corrected m this 
office 

Repnnts will be furnished at the following prices 


WITHOUT COVER 



250 

Copies 

600 

Copies 

1 1000 

1 Copies 

2000 

Copies 

Four Pages 

$ 19 25 
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88 75 

112 50 
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217 25 
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97 50 

123 25 
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180 00 

267 00 
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? 6150 

$ 88 75 
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119 75 

160 25 

231 50 

Twenty four Pages 
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277 75 

Thirty two Pages 

133 00 
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PROCEEDINGS 
OF THE 

INTERNATIONAL CONFERENCE 
ON AUDIOLOGY 

May 13 tluough 16, 1957 

St Louis, Missomi 


FOREWORD 

In connection with the official Midwest touis scheduled 
for the Sixth International Congiess of Otolaiyngology, held 
m Washington, May 5-10, 1957, one of the Oigamzmg Com¬ 
mittee, (S R Silveiman) was asked by numeious individuals, 
both m the United States and abioad, to oigamze an Intei- 
national Confeience on Audiology m St Louis immediately 
aftei the Congiess The chief puipose of this Confeience 
would be to cieate a situation wheie laboiatory investigators 
could shaie then views and findings with an interested and 
sophisticated clinical audience The themes exploied by the 
Confeience weie the Assessment of Auditory Function, the 
Physiology of Audition, and the Relation of Hearing Loss to 
Noise Exposuie 

The goals of the Confeience are summanzed m the follow- 
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INTERNATIONAL CONFERENCE ON AUDIOLOGY 


mg extract fiom the welcoming addiess of the Chan man to 
the menibeis of the Confeience 

To Pai ticipants in the Internationa1 Confei ence on Audiol¬ 
ogy—A Coidial Welcome to St Louis 

Fiom many lands a common mteiest in healing and deaf¬ 
ness bungs us togethei It is tiue that oui pumaiy mteiests 
may vaiy We may be concerned with the stiuctuie of the 
auditoiy system 01 with its function, 01 with the diseases 
that afflict it, 01 with the impaiiment m social efficiency 
bi ought about by heaung loss Some of us woik in the lab- 
oiatoiy, otheis m the clinic and still otheis m the classioom, 
but the lapidity with which oui knowledge, nuituied by many 
souices, is mci easing, suggests eleaily and emphatically that 
we cieate situations, such as this Confeience, wheie we may 
shaie mfoimation that enuches oui undei standing and stimu¬ 
lates oui activity If the Confeience contilbutes in some 
small measuie to the enthusiasm and the wisdom with which 
you puisue youi tasks in the field of heaung and deafness, 
those lesponsible foi its oiganization will have been uchly 
lewaided 


* * * 


Of the actual scientific and piofessional membeislup of the 
Confeience, fields of mteiest weie lepiesented as follows 
Audiology, including teacheis of the deaf and speech pathol¬ 
ogists, 42 pei cent, Otolaiyngology, 39 pei cent, Psychology, 
Engmeeimg and Physiology, 15 pei cent, and Commeicial, 
including makeis of electioacoustic mstiuments, 4 pei cent 

The editois of the Pioceedmgs of the International Confei¬ 
ence on Audiology weie S Richaid Silveiman, Chan man of 
the Confeience, Iia J Hush, Piogiam Chan man, and Shn- 
ley K Hush, Confeience Secietaiy 

The Confeience acknowledges with appieciation its indebt¬ 
edness to the National Science Foundation of the United 
States Govei nment foi piovidmg the majoi poition of its 
expenses thiough a giant to the Cential Institute foi the 
Deaf 
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The Confeience expiesses its giatitude to the membeis of 
the staffs and fi lends of the Cential Institute foi the Deaf, 
and the Department of Otolaiyngology of Washington Uni- 
veisity foi assistance m anangements, and to the School 
of Medicine of Washington Umveisit}'’ foi piovision of 
meeting looms 



PROGRAM OF TECHNICAL SESSIONS 


Tuesday Morning, May 14 


WELCOME 

Piesiding S Rich uni Sii.vekaian Diiector Central Institute for 
the Deaf, Chairman International Conference on Audi 
ologj 

The Hot>or\bi.f Raamond R Ticker Major of the Citj of St. Louis 
Ethais A H SnETLE\ Chancelloi Washington Universitj 


SESSION A—CONTRIBUTED PAPERS 

Chairman lav J Hirsh Head, Psychology Laboratorv, Central 
Institute for the Deaf, St Louis Mo 

1 Some Similarities Between Hearing and Seeing 

S S Stevess Professor of Psychology, Director of Psycho 
Acoustic Laboratory, Harvard Univ ersity, Cambridge, Mass 50S 

2 An Attempted Synthesis of Psycho Acoustic Test Data in the 
Audiological Clinic 

J Don vlii Harris Head, Sound Bianch Medical Reseaicli Lab 
oiatory, U S Naval Submai ine Base New London Conn 527 

3 Triplet Testing and Training—An Approach to Band Dis 
crimination and Its Monaural or Binaural Summation 

Henk C Humrrc, Piofessor of Audiology, University of Gron 
ingen, The Netherlands and M Tvselaar, University of Gron 
ingen _ 535 

4 Relation of the Lombard Effect to Speech Production 

J ohis J Dreheu and Johis J 0 Nm ll Psj clio Linguistics Lab 
oratory Ohio State Universitv Research Foundation, Columbus 
Ohio _ 639 

5 A Comparison of Picture Response and Hand Raising Tech 
niques in Pure Tone Audiometry with Young Children 

Harriet KvrLvr,, Graduate Assistant, and Bruce M Sivgen 
thvler Associate Professor of Clinical Speech, Pennsylvania 
State University, University Park Pa 54 k 

6 Progress in the Comparison of Sleep EEG Audiometry with 
Standard Audiometry 

A J Derba shire, Director EEG Department, Harper Hospital 
Detroit Mich and 

Mart McDermott, Head Outpatient Services Children’s Hos 
pital of Michigan Detroit Mich 
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Tuesday Afternoon, May 14 


ASSESSMENT OF AUDITORY FUNCTION 

I PANEL DISCUSSION—HEARING IN CHILDREN 
Moderator S Rich vim Shvhmw Director Central Institute 

for the Deaf St Louis Mo _ - ~ — — 21b 

Panel Members Roiiejit Golhstlin Research Associate Central 
Institute for the Deaf St Louis Mo 
Willi \m G H vnnv Director Hearing and 
Speech Center The Johns Hopkins Hospital 
Baltimore Md 

Hflmfi! R M\ ki i HUST Professor of Audiologv 
Northwestern Untversit' Evanston Ill 
Lolise Tar\QLi Chief Audiometric Depart 
ment Universitv ofLvons Fiance 

II DIAGNOSIS OE HEARING DISORDERS 

Chairman Ira J Hirsh Head Psvchologv Laboratorv Central 
Institute for the Deaf St Louis Mo 

Audiometry In Diagnosis 

Ravitomi CvRnutT Professor of Audiologv Northwestern Uni 
versity Evanston Ill „ — - - — 253 

Mfinidre's Disease 

Theodori E WAlsh Piofessoi of Otolaivngologv Washington 
University School of Medicine St Louis Mo _ 279 

Cochlear vs Retrocochlear Lesions 

Tvuno Palv v Associate Professoi of Clinical Audiologv Uni 
v erslty of Turku Finland _ _ _ _ 2SS 

Clinical Aspects of Cortical Deafness 

Ettore Botev Chief ENT Clinic Universitv of Milan Italv _ 301 


Tuesday Evening, May 14 


Open House—Central Institute for the Deaf Clinics and Re¬ 
search Building 

Demonstration of classroom procedures with deaf hard-of 
hearing and aphaslc children and also of testing and teach 
ing techniques for children and adults 

Research laboratories and shops were open for inspection and 
demonstration 

Exhibitions included Central Institute Librarv and the Gold 
stein Collection of hearing aids 

A film bv Georg von Bfik£sv was shown at 8 30 and 9 30 
PM 

Svnopsis of BSkdsv film Pendulums Traveling W r aves and the 
Cochlea' __ _ __ 317 



PROGRAM OF TECHNICAL SESSIONS 


Tuesday Morning, May 14 


WELCOME 

Presiding S Richvrd Siliermvn, Director, Central Institute foi 
the Deaf, Chairman Intei national Conference on Audi 
ologi 

The Honorable Ravuond R Tucker Macoi of the Cite of St Louis 
Ethan A H Sheilfa Chancelloi, Washington Unlversit\ 


SESSION A—CONTRIBUTED PAPERS 

Chairman In J Hirsh Head, Ps\choIog> Laboiatorv, Central 
Institute for the Deaf, St Louis Mo 

1 Some Similarities Between Hearing and Seeing 

S S Stevens Piofessor of Ps>chologA Director of Psycho 
Acoustic Laboratory Harvard University, Cambridge, Mass 50S 

2 An Attempted Synthesis of Psycho Acoustic Test Data In the 
Audlologlcal Clinic 

T Don un Harris Head Sound Biancli Medical Reseaich Lab 
oratorj U S Naial Submarine Base Nen London Conn 527 

3 Triplet Testing and Training—An Approach to Band Dis¬ 
crimination and Its Monaural or Binaural Summation 

Henk C Huiving Professor of Audiology, Universit\ of Gron 
ingen, The Netherlands, and M Taselaar, Unhersity of Gron 
ingen _ _ 535 

4 Relation of the Lombard Effect to Speech Production 

John J Dreher and John J O’Neill Psycho Linguistics Lab 
oratory Ohio State Universit\ Research Foundation Columbus 
Ohio _ 539 

5 A Comparison of Picture Response and Hand Raising Tech 
niques in Pure Tone Audiometry with Young Children 

Harriet Kaplan, Graduate Assistant and Bruce M Siegen 
thaler. Associate Professor of Clinical Speech Pennsjlvania 
State University University Park Pa ’ 54 k 

6 Progress in the Comparison of Sleep EEG Audiometry with 
Standard Audiometry 

A. J Derbi shire. Director EEG Department, Harper Hospital 
Detroit Mich and 

Mart McDermott, Head Outpatient Services Children's Hos 
pital of Michigan, Detroit Mich 
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IV FUNCTION OF THE AUDITORY CORTEX 

W Dkuli Neff Professor of Psicliology Lni\ersH\ of Chicago 
Chicago HI-— - — -- 413 

Physiological Discussion 

Aitciiu R Ti ntori Assistant Professor of Anatonn Lnl\ersit\ 
of Oregon "Medical School Portland Ore - 119 

Clinical Discussion (Neurosurgery) 

Robust B Iunc Assistant Professor of Neurological Surgen 
Washington LnlversiD School of Medicine St Louis Mo _ _ 424 

Clinical Discussion (Otology) 

H vrold F Schttknfcht Associate Surgeon Dnision of Oto- 
larrngologi Henrv Ford Hospital Detroit Mich — _ 42h 


Thursday Morning, May 16 


HEARING LOSS AND NOISE EXPOSURE 

Chairman Wutir Rosexblith Massachusetts Institute of 
Technolog\ Cambridge Mass 

I NOISE IN INDUSTRY 

Tepomf R Cox Jr. Head Acoustics Laboratorv Central In 
stitnte for the Deaf St. Louis Mo--—- - — 440 

II HEARING LOSS IN INDUSTRY 

Ar\xi Globig Director of Research Subcommittee on Xoise in 
Industry American Academe of Ophthalmology and Otolarvn 
gologv Los Angeles Calif____ _447 

III A LABORATORY METHOD FOR THE STUDY OF ACOUSTIC 
TRAUMA 

Donald H Eldbedge Research Associate Central Institute for 
the Deaf, St Louis "Mo 

"Walter P Loiell, Associate Professor of Anatonn and Oto- 
larvngolog\ "Washington Universiti School of Medicine SL 


Louis Mo___ __46o 

IV DIAGNOSIS, SUSCEPTIBILITY AND PRESBYCUSIS 

Gordon Hoople, Professor of Otolarvngolog' TJnirersIt\ of the 
State of Xeu York Medical School Syracuse XT „ _ 477 

V EAR PROTECTION 

Joseph Zwislockl Research Fellow Psycho-Acoustic Labora 
tore Harrard Unirersity Cambridge Mass_— __._4S6 


VI THE ESTABLISHMENT OF CRITERIA BASED ON THE 
CONCEPT OF NOISE EXPOSURE 

Walter A. Rosettblith, Associate Professor of Communications 
Biophysics Massachusetts Institute of Technology Cambridge 
Mass __ __ 
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Wednesday Morning, May 15 


PHYSIOLOGY OF HEARING 

Chairman Himn Futchib, Dliectoi of Research, Brigham 
Young Unneisity Piovo, Utah 

I PROCESS OF SOUND CONDUCTION 

Merli L\mki>ce, Associate Professor of Pin Biological Acous 
tics, University of Michigan Medical School, Ann Arboi Mich 

Technical Discussion 

Henning E yoN Gifrkf, Chief Bio Acoustics Branch, Aero 
Medical Laboratory United States Air Force, Wright Air De- 
yelopment Centei Dayton O - 

Clinical Discussion 

Tfrence E Cyyy thorne, London England 

Film 

Heinrich G KoDRyK Piofessoi of Otologic Research Wayne 


Univeislty College of Medicine Detroit Mich 351 

II TRANSMISSION AND TRANSDUCTION IN THE COCHLEA 

Hvelouell Dviis, Director of Reseaich Central Institute for 
the Deaf St Louis Mo 359 

Theoretical Discussion 

ICR LiCKum-it, Associate Piofessor of Psychology Massa 
chusetts Institute of Technology Cambi ldge, Mass 3S2 

Clinical Discussion 

John R Linus \y, Piofessoi of Otolaiyngology Unlveislty of 
Chicago Chicago Ill 385 


Wednesday Afternoon, May 15 


Chairman Joseph Erlingfr, Nobel Laureate and Professor 
Emeiitus of Physiology Washington University School of Medl 
cine St Louis Mo 

III TRANSMISSION IN THE CENTRAL NERVOUS SYSTEM 

Robert GALAirBos Chief, Department of Neurophysiology 
Walter Reed Army Institute of Research, Washington D C 388 

Physiological Discussion 

Ichiji Tasini, Chief Special Senses Section, Laboratory of 
Neurophysiology National Institute of Neurological Diseases 
and Blindness Betliesda Md .. __ 40;t 

Anatomical Discussion 

Grant L Rasmussen, Chief Section on Functional Neuro 
anatomy National Institute of Neurological Diseases and Blind 
ness Bethesda Md _ 404 

Clinical Discussion 

J S Rif.sco-M vcCeure, Neuro Surgical Institute Santiago Chile 406 



INTERNATIONAL CONFERENCE ON AUDIOLOGY 


217 


2 Measurement of Stapes Fixation 

Otto H Mumh' Docent of Otolai y ngologx and Director of 


Audiology Center Lni\ersit\ of Helsinki Finland C30 

3 Direct Audiometry in Audiosurgery 

Fnwiisto Antoli C\m>i i y Chief Audiology and Audiosurger\ 
Seryice National Institute of Medicine and Security of \\ ork 
and FFrvyxno Amiii i C\Mu i \ F Oi yi/oi_v L Syrr Madrid 
Spain _ _ _ „ G35 

4 New Approach to the Incudo Stapedial Region for Mobilization 
of the Stapes 

Li is GuiivInvM/ Otorliinolaryngologist National Health 
Seryice \alencia Spain _ — G°G 

5 The Carhart Shambaugh Formula Used for Stapes Mobilization 
Prediction 

Fi u>n u k R Gi ti ronn and C Oi-At Hui Houston Texas — GST 

6 Recent Studies on Occupational Deafness and Auditory Fatigue 

H A V \ox Dtsnou k Professor of Oto-Rhino Lar\ ngology 
Leaden Lniaerdta The Netherlands _ „ 645 


7 Temporary Hearing Loss at 4000 cps as a Function of the 
Intensity of a Three Minute Exposure to a Noise of Uniform 
Spectrum Level 

J \mls D Milixr Pesearch Associate Hearing and Communica 
tion Laboratory Ind ana Unnersitx Bloomington Ind_ 660 

8 Clinical Bone Conduction Audiometry at the Frontal Bone 

Ruru F N u nto\ Instructor Department of Otolarvngology 
knnersiti of Chicago 111 _ 671 

9 Proposed Audiology Centre of the National Centre for the Deaf 
in India 

C A r Member National Ad\isor% Council for the Edu 

cation of the Handicapped Bombay India and 
C S \tt v\ \it yy y\ \ Professor of E N T Diseases Stanley Med 
ical College Madras India — - _ 675 

NATIONAL ORGANIZING COMMITTEE 

Chairman 

S R SiL-yuiMw Central Institute for the Deaf and Washington Cnher 
sity 

Rumomi CyimutT Northyvestern Iniyersity 

HALLoyyiLu Dyyis Central Institute for the Deaf and Washington Univei 
sity School of Medicine 
H\kui Flfixhfr. Brigham loung Iniyersity 
Wrra.T\jr G Hahui Johns Hopkins Hospital 
John Limisw Uniyeisity of Chicago 
Pun ir E Mutzfr Tufts Iniyerslt' Medical School 
S S Stfa fas Harvaid Cniyersity 
Proqrum Chairman 

Ira J Hirsh Central Institute for the Deaf and Washington Unlyersitv 
Conjertnce tccrttary 
Mrs SniRi-Fa Iv Htfsii 
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Thursday Afternoon, May 16 


SESSION B—CONTRIBUTED PAPERS 

Chahman Lfnnaiit Gissfison, Assistant Piofessoi Otolarvn 
gology, Univeisitv of Lund Sweden 

1 Behavior of the Neuroglia of the Acoustic Nuclei, Sub cortical 
Centers and Auditory Cortex of Cats Intoxicated with Dlhydro 
streptomycin 

Gerahdo de Sv Assistant Piofessoi of Otolarvngologv Univer 
sitv of Recife Brazil 

2 Observations and Considerations About the Cochlear Innerva 
tion of the Cat 

Paolo Comt. Head Pi ofessor of Anatomv Univeisitv of Recife, 
Biazil 

3 DC Potentials of the Membranous Labyrinth 

CvniEitiNTs A Smith and C F Gfssfrt Depaitment of Oto 
larvmgologv Washington ITniveisitv School of Medicine St 
Louis Mo 

H Du is and B H De vtih- a ngt, Central Institute fot the Deaf 
St Louis Mo - - 

4 The Modifications of Cochlear Potentials Produced by Strepto 
mycln Poisoning and by Chronic Stagnant Anoxia 

Cesvr Fernandez and R S Knit it \, Division of Otolarv ngologv, 
Umversltv of Chicago Ill , 

C A Smith Depaitment of Otolai yngologv, Washington Uni 
verslt} School of Medicine St Louis Mo 

B Rosemilut B H Dbmitituit and H Duis Centia) Institute 
for the Deaf St Louis Mo 

5 Acetylocholineaterase and the OlivoCochlear Tract of Ras 
mussen 

H vrold F ScHUKMyCiiT Associate Suigeon Division of Oto 
laiyngologj Heniv Fold Hospital Detioit, Mich 

6 Response to Auditory Clicks of the Neurally Isolated Cochlea 
of the Cat 

K mil Lou v and Arnold A GtRAir Reseaich Associates, De¬ 
partment of Psjcbologv Univeislty of Rochester N Y 


SESSION C—CONTRIBUTED PAPERS 

Chaiiman Victor Goodiiill Associate Clinical Piofessoi of 
Otolarj ngologv Universltv of Soutliein California Los Angeles 
Calif 

1 Applications and Limitations of Auditory Tests In the Selection 
of Cases for Stapes Mobilization 

Samuel Rosen Consulting Otologist and Head Stapes Mobiliza 
tion Clinic Mt Sinai Hospital New Yoik N Y , and 
Mob Bergman, Dlrectoi Hearing and Speech Centei Hunter 
College, New York N Y 
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2 Measurement of Stapes Fixation 
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May 14, 1957 

THE ASSESSMENT OF AUDITORY FUNCTION 
I HEARING IN CHILDREN—PANEL DISCUSSION 

Chairman S Richard Silverman, Duectoi, Cential Institute 
foi the Deaf, St Louis, Mo 

Panel Robert Goldstein, Resealch Associate, Cential 
Institute foi the Deaf, St Louis, Mo 
William G Hardy, Duectoi, Healing and Speech 
Centei, Johns Hopkins Hospital, Baltimoie, Md 
Helmer R Myklebust, Piofessoi of Audiology, 
Noi thwestern Univeisity, Evanston, Ill 
Louise Trenque, Chief, Audiometi ic Department, 
Univeisity of Lyons, Fiance 

Dr Silverman The essayists weie asked thiee questions 
m pieparation foi this discussion These questions aie as 
follows 

One What goals, particularly with lefeience to educational 
lecommendations, can be set foi the testing of the heaung of 
young children? 

Two What evidence is theie that lesults of heaung tests 
on young children can yield information about the pathology 
of auditoiy and othei disorders? 

Thiee What particulai testing techniques have you found 
to be most successful in yielding answeis to eithei 01 both of 
the fust two questions? 

One, then, is a mattei of goals, two, is a matter of evi¬ 
dence, and thiee, what do you actually do when you assess 
the heaung of a young child’ 

Di Hardy, will you lead off? 

Dr William G Hardy Any one of these topics is worth 
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an horn’s discussion, so I am going to move thiough my 
material 1 athei 1 apidlv and hope that we may be able to pick 
up some of the moie important mdicatois as the discussion 
pioceeds 

Theie aie at least six objectives which we feel (I am talk¬ 
ing as a lepiesentative of oui departmental gioup) might 
well be kept m mind Fust, to asceitam the status and 
needs of the child legal ding possible medical and suigi- 
cal tieatment This aspect of a pioblem is too often ovei- 
looked, and it must not be, paiticulailj m dealing with 
joungei clnldien Incidental^, need w r e lemind oui selves 
that we aie not talking about a lefmed, pieselected diagnostic 
gioup, all of whose pioblems aie solely centeied m healing’ 
The clnldien we meet at the age of one, tw r o, 01 tlnee >eais, 
aie lefeiied because they do not talk, because thev have not 
learned language, because thej have not developed normally 
The leasons foi these defects aie manifold, involving much 
moie than the possibility of impaiied heaung 

Second, to measuie 01 estimate the child’s potential for 
learning language and \eibal communication Fundamental 
to this, pel haps, is the potential of the auditoij mechanism, 
but by no mannei of means should the inquiry exclude othei 
sensory modes of learning 

Thud, to diffeientiate among seveial possible leasons foi 
the lack of development of language and speech In terms 
of diffeiential diagnosis, this may involve a tiemendously 
complex mquiiy We find that oftentimes this involves a 
closely mtegiated task among five 01 six of our majoi de¬ 
partments m the hospital 

Fouith, to measuie lesidual heaung as a basis foi psycho¬ 
acoustic development 

Fifth, to try to learn the natuie of the heaung impairment 
foi what this mfoimation can conti lbute m terms of special 
needs in training Many of these objectives oveilap, of 
course, and any effort to clai ifv reflects some of the com¬ 
ments in anothei papei given this morning oui need to 
clarify our language m terms of what we mean by 7 leaning 
Is heaung an “adequate lesponse,’’ 01 is it a “significant 
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i espouse” to a measuied 01 vanable set of stimuli, 01 is it 
simply “a 1 espouse” Oui lefeiences must be clanfied, foi 
m Ins e\pei lence with diffeiential diagnosis one comes face 
to face veiv eaih with the leahzation that he inevitably is 
dealing with much moie than the function of the auditoiy 
system The auditoiy system piesents only one kind of in¬ 
formation to the mind As one watches moie and moie ot 
these tiny childien who aie apt to give spoiadic, vanable, 
inconsistent 1 espouses to sound, one is foiced to wondei what 
this auditoiv expei lence is like to the child How r can it be 
descnbed in a single concept’ Suppose that a given child 
has some disoidei 01 lack of development at the level of dif¬ 
ficulty in bnef memoiy-span This might be dnectly, 01 
only lemoteh, connected with an auditoiy deficit, yet what 
ivould the woild of sound-stimulus, paiticulaily speech-stimu¬ 
lus, be like to a little fellov r who needs 75 milliseconds, instead 
of five milliseconds, m oidei to monitoi lus own vocal output’ 
These aie points of diffeientiation on which we have as yet 
baiely begun to touch The modes of tiymg to appiehend, 
measuie, and descnbe this soit of deficit aie still m then 
infancy Related, without doubt, aie vanables m pitch- 
peiception, peihaps at the cortical oi immediately subcortical 
levels of the auditoiy mechanism 

Sixth, to develop information lelative to the natuie of 
the lieaung mind m teims of whatevei effects of stimulus and 
inhibition can be obseived in the lesponses of the child A 
child must go tlnough a penod of leadiness to listen befoie 
he can piogiess veiy fai m the development of language and 
speech This is, m pait, a mattei of the mind’s meanings, of 
the conditioning of behavioi to leact oi not to leact to a 
paiticulai sensoiy modality-like healing It is piobably at 
this stage of clinical judgment that one must diffeientiate 
between the fact of a child’s i espouse to sound, and a possible 
meaning of this expel lence to him Heie v r e aie at the 
level of cortical integiation, and tlieie simply is not time to 
discuss the many possible lamifications 

I believe that all of these become extiemely impoitant 
objectives m an effoit to lefme lieanng tests with lefeience 
to educational recommendations 
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Di Hush, translating foi Di Louise Tienque c 

Dr Ira J Hirsh Theie aie foui majoi objectives one, 
is the child deaf’ In the young child, m the majoilty of 
cases, the pioblem consists of establishing piimanly whethei 
01 not deafness exists The fact that the child is helped 
most by the specialist fiom about 18 months on is because 
the language eithei does not appeal oi because the language 
is not developed noimally Fiequently the paients suspect 
the existence of deafness, but it is still necessary to confnm 
it 

The second objective is to quantifv the extent of the deaf¬ 
ness Is deafness complete 9 Aie theie existing auditory 
lesiduals that might be used by the child m healing speech 
efficiently 9 The value of these auditory lesiduals is most 
important if it appeals that the child can heai speech 
paitially, oi possibly bettei with a healing aid By usmg 
these lesiduals, foi example, m peiceiving some of the 
phonemes oi the melody of the sentence, one can hope to 
lehabilitate the child completely Thanks to appiopnate 
education this child can become capable of speaking with a 
voice that is compiehensible to all, capable of undei standing 
what is said to him, and capable of acqumng even abstiact 
thought at a level consistent with childien of the same in¬ 
tellectual capacity and envnonment 

Thud, is deafness the only deficiency m the child 9 In oui 
opinion it is of piognostic importance to ascertain whether 
the deafness is the only tiouble, oi whethei theie aie otheis 
such as physical chaiactenstics, deficiency m intelligence, 
difficulty in memorization and compiehension, supei imposed 
upon the auditoiy deficit A laige piopoition of childien m 
whom we have found audiometne cuives of between 60 and 
80 decibels, m whom, because of these auditoiy lesiduals, ve 
have placed much hope, have disappointed us following the 
examinations In the couise of then education, we weie 

•Dr LouIbg Trenque was unable to attend the Conference because ot 
illness She sent a manuscript bowe\er through one of the conferees 
which was receUed about an hour before the panel discussion was to 
begin Dr Hirsh s translation of her answers to the questions posed b\ 
the Chairman was therefore almost in the nature of a simultaneous 
translation There are raanj omissions and undoubtedly some errors but 
the Editors consider that at least her general point of \ lew" Is falrlx 
represented 
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confronted with vauous difficulties, among the most seveie 
of which have been dyslexia, dysgiaphia, emotional instability, 
disoideis m the development of learning, compiehension and 
intelligence, and those factois that mterfeie with the develop¬ 
ment of language beside those involved m the healing 

Finally, as the fourth objective, Di Tienque lists the study 
of the oiigin of deafness This study has both theiapeutic 
and piophylactic aims and can aid in oui piognostic judg¬ 
ments theiapy m cases of lhmogenic deafness, piophylaxis, 
foi example, m the RH factoi 01 syphilis, piognosis, as in 
cases wheie we obseive obstetucal tiauma 

Dr Robert Goldstein Because oui concern on this panel 
is pumaiily educational, we will considei the lesults of 
heai mg tests as one basis foi making educational lecommen- 
dations My discussion today is lestucted, fust, to those 
auditory pioblems whose seventy lequues that education be 
handled, at least foi a time, in special schools 01 special 
classes, two, to the veiy young childien who have not yet had 
any individual 01 classioom mstiuction, fiom which we might 
oidmanly denve significant diagnostic clues, and thud, to 
those childien whose auditoiy disoidei is not secondary to 
seveie emotional distuibance 01 to mental deficiency 

Oui goals should depend primal lly on what we know of the 
kinds of educational methods that have been used successfully 
on childien with vanous auditory disoideis My discussion 
is fuithei lestucted to what is known in geneial about the 
success of vanous appioaches to oial education, acknowledg¬ 
ing oui desne to accoid eveiy child the opportunity foi de- 
\ eloping 01 al communication 

Considei mg the piesent state of knowledge about the 
education of childien with auditoiy disoideis, I believe that 
we should find out fiom oui heanng tests whethei a child’s 
auditoiy disoidei lesults pnmanly fiom a senous reduction 
m auditoiy sensitivity 01 pnmanly fiom a defect in auditoiy 
perception and linguistic development 

The education of haid-of-heaimg childien and deaf chil- 
dien, that is, childien with vaiymg losses of auditory sen¬ 
sitivity, although not umfoim 01 simple, has been earned on 
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with appieciable success, and has been descubed in some 
detail By companson, we know veiy little about the success 
in educating childien whose disoider can be descubed as 
defective auditory peiception, 01 as the inability to pioduce 
and/oi to undei stand language Theie aie scatteied leports 
of success with certain educational appioaches, but theie aie 
no compiehensive lepoits in which an educational method has 
been descubed, the clnldien taught by this method cleaily 
defined and enumeiated, and caieful assessment of results 
piesented I feel competent, theiefoie, to lefei only to oui 
own experience foi my conti lbution to the evaluation of this 
question 

We have classified a large numbei of oui children as apha- 
sic We aie awaie of the contioveisies aiound this teim, 
and foi now, at least, we aie not lestuctmg oui selves to any 
particulai definition of it These childien we call aphasic 
have as then mam pioblem the inability to develop language, 
presumably because of some dysfunction of the cential ner¬ 
vous system This is not a homogeneous group, eithei fiom 
the standpoint of oiganic pioblems 01 fiom the standpoint of 
ability to use language, nevertheless, we use the same edu¬ 
cational method with all of these childien and achieve varying 
but consideiable success with them We make no attempt to 
develop a different pioceduie foi each sub-classification of 
the aphasic gioup but modify certain aspects of oui oveiall 
pioceduie when the situation calls foi it 

If the findings on a particular child aie inconsistent and 
do not cleaily identify a child as deaf 01 aphasic, we geneially 
lecommend that this child be taught according to the system 
we use with aphasic childien We have found fiom expen- 
ence that we do little educational harm to childien who 
eventually prove to be simply deaf, by teaching them accoid- 
mg to our system foi aphasic childien On the othei hand, 
we have seen much educational time lost on aphasic childien 
who, because of uncertainty in diagnosis, were taught by 
methods conventionally used with deaf childien 

On the basis, then, of oui expenence m educating childien 
ivith auditory disoideis, we try to answei this majoi question 
when we aie examining a young child is his inability to 
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communicate pumaiily the lesult of a 1 eduction m auditoiy 
sensitivity 01 is it pnmanly the lesult of a defect m auditoiy 
peiception 01 in the ability to pioduce 01 to undei stand 
language 9 

Dr Silverman We turn now to oui second question 
What evidence is theie that lesults of healing tests on young 
clnldien can yield information about the pathology of auditoiy 
01 othei disoideis 9 

Dr William G Hardy I seem to have ten points listed 
foi this topic Fust, it is cleai that with the use of a wide 
vanety of techniques (and each of us selects the particulai 
pattern that he finds most lewaidmg) the function of the 
penpheial healing mechanism—the end-oigan—can be meas¬ 
ured Theie is a mattei of definition heie that is apt to make 
discussion confusing Wheie does the penpheial mechanism 
stop and the cential mechanism begin 9 My gioup has given 
a gieat deal of thought to this question, it is not simple Let 
us assume that the cential mechanism begins at the level of 
the brain stem wheie one is dealing with audition as a 
neuially bilateial sequence of events, and that the ganglion- 
cell stiuctuie may be considered in the peripheral mechanism 
I lealize theie may be something wiong with this, foi we 
aie including the fast neuial synapse in the end-oigan The 
geogiaphy of anatomy is perhaps not quite so important, 
howevei, as an agieement on refeience In teims of these 
distinctions between penpheial and cential, I believe we have 
a light to say that theie is incontrovertible evidence that the 
function of the penpheial mechanism can be measuied quite 
adequately 

Fiom heie on, a cleai diffeientiation of possible pathology 
is m laige pait speculative Fortunately, m this legald, one 
has the opportunity (which he must learn to take) of follow¬ 
up, 01 reassessment, as Di Goldstein just indicated, to take 
advantage of comments and observations fiom the teacher, 
denved fiom the child’s day-to-day peifoimance A child is 
exposed to an ordeied piocess of tiaimng m class, and it helps 
a gieat deal to know what a tiamed, thoughtful observer sees 
the child do This kind of information is not available foi a 
two-yeai-old, of couise, but with evei youngei age-ianges 
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being admitted these days to special educational situations, 
the evidence begins to mount up by the time a child is six 01 
seven yeais old 

Foi many yeais in oui department we have been paiticu- 
laily intei ested m the use and misuse of galvanic audi¬ 
ometry We find that there aie tluee kinds of patterns 
i elating to the situation 1 the ease and speed of condition¬ 
ing, 2 the latency of the lesponse, 3 vanous details of 
timing involved m the test-pictuie With lelatively few ex¬ 
ceptions, when one is dealing with damage to the penpheial 
mechanism, conditioning is easy, leady, and consistent La¬ 
tency of response is usually within half a second The le- 
qunement of i emfoi cement may vaiy consideiably So, too, 
does the natuie of the signal Some childien respond bettei 
to a steady-state tone, some bettei to a tone pulsed at a 
fiequency of tluee oi foui pei second With the childien 
whose piimary pioblem turns out to be a language disordei, 
difficulty in mtegiatmg and putting to meaningful use the 
mfoimation piesented thiough the auditory system, the same 
geneial patterns exist but with much extension of time It 
takes longei foi these childien to be conditioned, and theie 
may be extieme variations m latency of lesponse With the 
othei laige gioup of childien who seem to have a cential 
auditory pioblem, peihaps at the level of the inteibiam oi 
the thalamic loops, I doubt that the majonty can evei be 
cleaily conditioned One may see lesponses, many of them, 
but they do not follow a pattern Theie is much vanety, too, 
in teims of latency and the details of extinction This is 
peihaps lelatable to the sort of thing cunently being demon- 
stiated m clinical psychology as moie and moie lefmoments 
of peiceptive modes aie studied m oldei childien, some of 
these aie lelatable to vanous signs and symptoms of possible 
bram-damage, some aie not Psychologists use the term 
variability to descnbe many of the sensory mtei-ielations of 
the bram-damaged child, and it is felt that this is a good 
functional description of some of these cential auditory 
problems The signal, and the information denvable fiom it, 
changes, shifts This is inconsistency fiom the pomt of view 
of the testei, vailability fiom the pomt of view of the sub- 
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ject One wondeis what the woild of sound is like undei these 
cncumstances 

When this discussion is finished we can piobably all agiee 
that the only leally good test of the entile lange of heaung, 
listening and undei standing, the leflexes of the auditory 
mechanism and the mtegiation of the coitical system, is a 
speech heaung test, but this, of couise, lemams beyond 
leach when one is dealing with small childien, unless a pai- 
ticulai child has developed some language and some useful 
speech 

Back again to the auditoiy system, theie aie many intei- 
estmg obseivations to be made lelative both to loudness and 
pitch, the two psychological paiameteis of auditoiy sensi¬ 
tivity In oui obseivations—and one doubts that the case¬ 
load we see is unusual—we find that among the childien who 
offei cleai evidence of piofound auditoiy involvement, so 
much that they cannot possibly learn without the veiy best 
of special education, seven out of ten have something moie 
than penpheial auditory lesions In lefeience heie is the 
pieschool-age gioup Appioximately seven out of ten give 
evidence that then auditoiy difficulties lie somewheie m the 
biam stem 01 mteibiam, m the thalamic stiuctuies, or m 
some aspect of coitical lelationships 

Di Deibyshne made lefeience to a kind of “auditoiy 
hiatus’ in some of these childien We have had similai ex¬ 
pel lences Time and time again, we have tued to condition 
with a 90-decibel tone without success Then we shift to a 
25-decibel tone and immediately get lesponses Sometimes, 
aftei a child begins to lespond galvanically, one luns into a 
gap of peihaps 40 decibels, theie aie spoiadic lesponses to 
vanous tones somewheie neai the lange of noimal thieshold 
acuity, but it lequnes a signal of 40 oi so decibels above this 
level m oidei to achieve a consistent pattern of lesponses 
This almost foices one to think of some of the auditoiy piob- 
lems commonly seen m a child with Rh athetosis Di Good- 
lull and otheis have demonstrated by histopathologic evidence 
that at least m some of these children the damage may well 
lie at the level of the auditoiy nuclei m the biam stem We 
have examined many such pioblems, and find that with few 
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exceptions they want much moie loudness via a healing aid 
01 othei amplification than does a child 01 an adult with a 
compaiable pui e-tone cuive lepiesentmg a penpheral piob- 
lem 

Some veais ago, it became appaient that once theie was 
good evidence of lesponses in the legion of thieshold acuity 
(we aie still discussing galvanic skm lesistance audiometiy), 
it was piofitable to observe leactions to a five- 01 six-octave 
pitch-swing at levels well above thieshold Some childien 
lespond to this stimulus, some do not One cannot pietend to 
know the details of w r hat this means Wheie theie is a con¬ 
sistent leaction to this changing acoustic event, howevei, 
one may assume that it lepiesents an on-going, diffeient 
event to the child This capacity we have obseived, is com- 
monlj not piesent in childien who piove to have extieme 
cential auditory disoideis, wliethei 01 not this is combined 
with an aphasoid pioblem 

On the othei hand, theie is a cleai 1 elation between awaie- 
ness and intelligibility that can be studied, foi example, m 
the pioblems of genatnc audiology On much less secuie 
bases, one can observe awaieness of sound m a child (assum¬ 
ing that theie is good evidence of lesponses within normal 
lange), at much lowei levels of mtensitv than can be used 
m teims of intelligibility Many oldei childien who have 
had the advantage of good tiammg m language aie awaie 
of sound at much lowei levels than they can put to use It 
may be that a listening cncuit is involved heie 

One moie point, a mattei that we have found confusing 
In the couise of otologic and audiologic history we have all 
learned to use decibel notation in descubmg the intensity- 
loudness factois of an affected end-oigan One wondeis, 
how'evei, how anybodv can make a statement m terms of 
decibel notation when the pioblem lies high m the cential 
mechanism The essence of this kind of pioblem is that it is 
not a pattern, it is not a constant, it does not lemam “the 
same”, theiefoie, the idea of descubmg a child with a cential 
disoidei, on the basis of subjective auditory lesponses, as 
having a 90-decibel heaung loss, is to my way of thinking 
absuid Tins is like taking blood piessuie with a clinical 
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theimometei, one might get some soit of a leading, but it 
would scaicely be descuptive of a dynamic state of affans 

Dr Ira J Hirsh On this second question, concerning the 
use of tests foi identifying a pathology, Madam Tienque 
wntes—The fust question to be answeied is, is the lesion 
situated m the middle eai 01 m the internal eai ? In hei 
fast paiagiaph she points out the well-known obseivation 
that when healing loss exceeds appioximately 60 decibels, one 
can assume that the innei eai is involved Now, if the deaf¬ 
ness is less than 60 decibels, she has suggested that one make 
a bone conduction examination using conditioning techniques 
She suggests also that if the child is not well enough developed 
to accomplish the test pioceduie, one can use vocal tests to 
attempt to lesolve the pioblem The child who has a tians- 
nussion deafness, oi conductive deafness, will lepeat conectly 
fanuliai woids that he knows, if one laises the intensity 
sufficiently above the thieshold A child with tiouble in the 
internal eai, even if one laises the intensity fai above the 
thieshold, will distoit ceitam woids, and the intelligibility 
will be below 100 pei cent 

The mannei m which the child has developed language and 
speech is equally a good indication If the deafness is seveie 
he will speak veiv little if at all, and the woids that he uses 
will be simple and childish If the deafness is less seveie, 
the child will not acqune complicated woids The svntax will 
be defective and ceitam consonants will be defoimed The 
child with a conductive deafness, with onset befoie the age 
of acquisition of speech, has a pool voeabulaiy but good articu¬ 
lation He piesents only a moie oi less seveie language le- 
taidation, and in effect he is tioubled by a kind of all-oi-none 
phenomenon eithei the sound is too weak and he doesn’t 
heai it, oi it is stiong enough and he peiceives it without 
distortion 

As fai as indication on the piecise etiology of deafness is 
concerned, m cases of middle eai deafness, these factois aie 
given by othei clinical obseivations than the auditoiy tests, 
foi example, malfoi mations of the eai, otitis and toxicosis 
In case of deafness of the internal eai most of the time the 
etiology is difficult to establish in a definite mannei , difficult 
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to establish w ith ceitamty The natuie of the auditoiy 
lesiduals and the form of the audiometnc cuive do not 
actually peimit us to identify the etiology It is possible 
that the examination of a laige gioup of clnldien wheie the 
diagnostic etiologj is certain will pioduce these inteiestmg 
results m the futuie 

Fiom hei own observations, she notes the following that 
meningitis is followed by lathei seveie destruction, with 
almost no healing lesiduals 01 peihaps only islands m the low T 
fiequencies Rubella, on the otliei hand, gives cuives situated 
between 60 and 80 db on the audiogiam, and moie oi less 
honzontal Heieditarv deafness appeals to piesent a polv- 
moiplnsm m audiometnc cuives Nothing is identified with 
anything, I piesume, in heieditaiv deafness Within the 
same family one finds a subject w ith a falling cuive, anotliei 
wutli a honzontal cui\e, m a thud, complete deafness 

The behavioi of the child duimg the auditoiy tests veiy 
often peimits the observation of phenomena superimposed, 
winch point tow aid a cential location foi the deafness Such 
troubles can be motoi, mental, psichological The test with a 
peep show and with pictuies, fiom hei point of view, aie 
particularly intei estmg She gives, thud, indications about 
the development of the deafness Auditoiy tests can permit 
us to follow the evolution of the deafness We hare thus 
observed, foi example, a functional lecupeiation of the oidei 
of ten oi twenty decibels m children submitted to auditorv 
training That is to sav, the cuive was laised, the tlneshold 
was loweied, duimg the fust ten months of tiammg, then 
it stabilized She has obsened also a lemaikable stability m 
the audiometnc curves Deaf clnldien whom they have fol¬ 
lowed aie m a laige majonty those w T ho w T eie believed at 
fust, fiom otological piactice, to have healing winch does not 
continue to detenoiate 

In conclusion, on this second question, the lesults of heal¬ 
ing tests, onented tow r aid auditorv pathology, aie limited, 
and it is absolutely necessary to supplement these tests m 
all young clnldien by examining then mental capacity, their 
language and motoi development, and then psychological 
factors 
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theimometei, one might get some soit of a leading, but it 
would scaicely be descuptive of a dynamic state of affans 

DR Ira J Hirsh On this second question, concerning the 
use of tests foi identifying a pathology, Madam Tienque 
wntes—The fust question to be answeied is, is the lesion 
situated in the middle eai 01 m the internal eai 7 In hei 
fust paiagiaph she points out the well-known obseivation 
that when healing loss exceeds appioximately 60 decibels, one 
can assume that the innei eai is involved Now, if the deaf¬ 
ness is less than 60 decibels, she has suggested that one make 
a bone conduction examination using conditioning techniques 
She suggests also that if the child is not well enough developed 
to accomplish the test pioeeduie, one can use vocal tests to 
attempt to lesolve the pioblem The child who has a tians- 
mission deafness, oi conductive deafness, will lepeat conectly 
familial woids that he knows, if one laises the intensity 
sufficiently above the threshold A child with tiouble in the 
internal eai, even if one laises the intensity fai above the 
tlueshold, will distoit ceitam woids, and the intelligibility 
will be below 100 pei cent 

The mannei m which the child has developed language and 
speech is equally a good indication If the deafness is seveie 
he will speak veiv little if at all, and the woids that he uses 
will be simple and childish If the deafness is less seveie, 
the child will not acquue complicated woids The syntax will 
be defective and certain consonants will be defoimed The 
child with a conductive deafness, with onset befoie the age 
of acquisition of speech, has a pool vocabulaiy but good articu¬ 
lation He piesents only a moie oi less seveie language ie- 
taidation, and m effect he is tioubled by a kind of all-oi-none 
phenomenon eithei the sound is too weak and he doesn’t 
heai it, oi it is stiong enough and he peiceives it without 
distortion 

As fai as indication on the piecise etiologv of deafness is 
concerned, m cases of middle eai deafness, these factois aie 
given by othei clinical obseivations than the auditory tests, 
foi example, malfoimations of the eai, otitis and toxicosis 
In case of deafness of the internal eai most of the time the 
etiology is difficult to establish in a definite mannei, difficult 
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assessment, but let us assume that we must make a judgment 
on the basis of healing tests only What kind of infoimation 
can we get fiom them to help us decide whethei the oiganic 
abnormality is m the penphery, in the C N S , 01 m both 9 In 
the limited time available, let us restuct ourselves to geneiali- 
ties, acknowledging m advance that theie aie exceptions to 
all of the geneialities 

The child with a penpheial defect will usually startle 
fanly consistently to sounds above his threshold The child 
with a C N S defect mav react at fust to very weak stimuli, 
but soon becomes lefiactory to very intense sounds, 01 he 
may not leact at all, even to the most intense sounds 

If thiesholds of auditory sensitivity can be leliably de¬ 
termined, children with penpheial lesions most often will 
show sloping audiogiams with the high fiequencies most 
seveiely affected Childien with abnoimalities of the C N S 
01 central nervous system, may have noimal thresholds, 01 
fiequently, hearing losses of about 60 db foi all frequencies 

Within any one test the child with a simple penpheial 
defect will usually show consistency of lesponses within the 
limits imposed by his age The child with an abnormality of 
the CNS vnll usually not be consistent m his lesponses, 
that is, Ins appaient thieshold may fluctuate unpiedictably 
by as much as 30 to 40 db Often it is impossible even to 
estimate the thieshold foi this child 

A child with a simple penpheial defect is moie leadilv 
conditioned than a child with a C N S defect to lespond 
voluntanly to auditory signals This difficulty may be earned 
ovei into the conditioning of eleetiodeimal lesponses to sound 

In audiometry employing the electioencephalogiaph, the 
child with a C N S abnormality may sometimes show noimal 
auditory sensitivity thiough electioencephahc lesponses while 
asleep, even though while awake he does not lespond con¬ 
sistently to very intense sounds in othei tests The child with 
a penpheral defect will show the same thiesholds thiough 
electioencephalic lesponses when he is asleep as he does 
thiough overt lesponses when he is awake 

When theie aie both penpheial and cential abnoimalities 
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Dr Robert Goldstein Studies of pathologic anatomy pio- 
vide us with only limited evidence that lesults on vanous 
heaung tests can be associated with vanous pathologic con¬ 
ditions This is mostly because studies 1 elating healing 
losses to histopathology have been lestncted laigely to penph- 
eial auditory stiuctuies, and then mostly in adults In the 
studies of pathologic conditions in the cential neivous system 
the accompanying audiologic studies have, in geneial, been 
inadequate We can say, howevei, that loss of auditory sen¬ 
sitivity is associated with oiganic defects of the auditoiy 
neive and cochlea, pioblems of language compiehension and 
pioduction with oiganic defects of some portion of the cential 
neivous system We have veiy little knowledge of how much 
01 what kind of cential neivous system lesion may be le- 
sponsible foi loss of auditoiy sensitivity, 01 of how much 
damage theie is m the penpheiy in peisons with language 
dysfunction 

We have available consideiable mfoimation about some 
childien, which allows us to compaie lesults of heaung tests 
with educational piogiess, with development of skills of com¬ 
munication, and with geneial behavioi In some of these 
childien the pathologic basis of then auditoiy disoideis aie 
quite certain fiom othei neuiologic 01 physical defects, and 
fiom medical and developmental histones In the absence of 
any cleaily defined pathologic condition, we can still mfei the 
pathology on the basis of similanties in lesults on healing 
tests and m educational development to children in whom the 
pathologic bases of then disoideis aie more certain, and 
yet, with all this mfoimation we cannot say with certainty 
that the lesults of healing tests, 01 of educational progiess, 
tell us moie than 1 theie is a leduction in sensitivity to 
sound, piobably fiom a defect of the penpheial auditoiy 
mechanism, 2 theie is a distuibance of auditoiy peiception 
oi of linguistic development piobably because of some organic 
abnoimality of the cential neivous system, oi CNS 

When we examine very young childien we do not have the 
oppoitumty to use hindsight from educational development 
to aid us m determining the natuie of then auditory disoideis 
We may have othei than hearing tests to help us with oui 
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assessment, but let us assume that w e must make a judgment 
on the basis of healing tests only What kind of mfoimation 
can we get from them to help us decide whether the oiganic 
abnormality is m the penphery, m the C N S , or in both’ In 
the limited time available, let us lestuct ourselves to genei all- 
ties, acknowledging in advance that theie aie exceptions to 
all of the genei alities 

The child with a penpheial defect will usually staitle 
fanlv consistent^ to sounds above his threshold The child 
w ith a C N S defect ma\ react at fn st to very weak stimuli, 
but soon becomes refiactory to very intense sounds, 01 he 
may not leact at all, even to the most intense sounds 

If thresholds of auditory sensitivity can be reliably de- 
teimined, children with penpheial lesions most often will 
show sloping audiograms with the high frequencies most 
seveiely affected Childien with abnoi malities of the C N S 
01 cential nervous system, mav have noimal thresholds, or 
frequently, hearing losses of about 60 db foi all frequencies 

Within any one test the child with a simple penpheial 
defect will usually show consistency of lesponses within the 
limits imposed by his age The child with an abnormality of 
the C N S will usually not be consistent m Ins 1 esponses, 
that is, his appaient thieshold may fluctuate unpi edictablv 
by as much as 30 to 40 db Often it is impossible even to 
estimate the thieshold foi this child 

A child with a simple penpheial defect is moie readilv 
conditioned than a child with a C N S defect to lespond 
voluntanly to auditory signals This difficulty mav be earned 
ovei into the conditioning of electiodermal lesponses to sound 

In audiometry employing the electi oencephalograph, the 
child with a C N S abnormality may sometimes show noi mal 
auditory sensitivity thiough electioencephahc lesponses while 
asleep, even though while awake he does not lespond con¬ 
sistently to very intense sounds in othei tests The child with 
a penpheral defect will show the same thiesholds thiough 
electioencephalic responses when he is asleep as he does 
thiough overt lesponses when he is aw r ake 

When theie are both penpheial and cential abnormalities 
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m the same child the consistency 01 inconsistency with which 
a child lesponds mav be the most significant diffeientiatmg 
cntenon In such instances, howevei, we must deuve addi¬ 
tional diffeientiatmg information fiom othei tests and ob- 
seivations 

Dr Silverman We will lefei now to the thud question, 
and that is, what particulai testing techniques have you found 
to be most successful m yielding answeis to eithei 01 both of 
the fust two questions 9 

Dr William G Hardy As to the thud question, a good 
part of this has alieadv been discussed Di Goldstein just 
added moie by implication I should like to make a few moie 
observations 

I believe we have all learned ovei the comse of yeais that 
a fundamental technique is to get the cleaiest kind of evi¬ 
dence we can fiom paients who aie thoughtful, caieful 
obseiveis Oftentimes we find that when we woik with 
paients who have been thoughtful and cleai in then observa¬ 
tions, much of the clinical fancy-woik that we do is simply 
conoboiative 

In the couise of time we have come to value extiemely 
highly the paients’ answei to a simple question that has to 
do with the child’s development, it pioduces paiticulaily 
good dividends when theie aie othei small clnldien m the 
family “When this baby was thiee 01 foui months old—not 
moie than that—did vou have any question about his heal¬ 
ing 9 ” Oftentimes, when the ultimate pictuie indicates an 
aphasoid disoidei, they answei “No” Oftentimes, when 
theie is a seveie cential abenation of one soit 01 an othei, the 
answei is cleaily “Yes ” Oftentimes, the paients had not 
obseived anything untowaid, but this negative fact, itself, is 
important What we want to know, of couise, is what can 
appiopnately be called an auditory onentmg leflex which 
should be piesent in infants who both leceive and peiceive 
sound 

We like to see what children do m a conti oiled sound field, 
undei highly stiuctuial cncumstances, and watched by at 
least two tiamed obseiveis Many kinds and levels of noise 
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and sound aie employed, the general tvpe and lange of which 
is clearlv known Now, a thiee-month-old child does not 
wave his arms aiound and point to the sound-source, but one 
can see all soits of leflexes and leactions, often localization, 
sometimes an intei luption of Ins activities This last is a 
kind of negative lesponse which, I believe, is entnely \alid 
when judged as a reaction Usually, when we see these re¬ 
sponses, and help the parents to lecognize them, we letum to 
some of the details of parental observation and jog their 
memories a bit Theieaftei, they come tlnough with many 
moie comments of then own about things they ha\e seen the 
child do, but have not believed then own eyes, because some¬ 
body had told them that then child was deaf Tins, to most 
paients, means a total thing (raie, indeed), so they stop ex¬ 
pecting the child to lespond to sound 

I feel that I must take sharp issue with Dr Tienque, m 
absentia, on the etiology and the presumed fact of total deaf¬ 
ness, because, from her description I do not know what she 
means bv deafness We see hundieds and hundieds of post¬ 
meningitic children ovei the real’s, and I do not lemember 
one that was totally deaf m the sense of complete loss of audi¬ 
tory reflexes For the most part, I believe, this business of 
the total, bilateral destruction of the penpheral mechanism is 
a thing that belongs m history Medicine in the past 20 yeais 
has changed all this considerably We are all well awaie of 
the total involvement of unilateral impairments fiom various 
causes, but bilateial destruction is sometlnng different Of 
couise, m an isolated instance, meningitis can still result m 
this but, fortunately, m communities with good medical caie 
a child does not go two weeks without hospitalization and 
diagnosis If he did, one suspects, he would probably emeige 
totally deaf now, as he used to 

I shall not sav anything moie about galvanic audiometry 
Our views on that are well known m the literature We are 
beginning to work seriously on EJE G audiometry, which has 
great possibilities, not onlv in measurement of function but 
also m furthering information about specific sites and modes 
of neuro-phjsiologic dysfunction Let me letum to a com¬ 
ment made before. If one is dealing with a child who has 
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some language and speech, the leal point is a thoiough test 
of speech-heaung This, too, needs to be believed A child 
who gives a subjective puie-tone audiogiam of appioximately 
80 db m the speech-heaung lange, but who then demonstrates 
a speech-heaung thieshold as good as 40 decibels, is not an 
educatively deaf child Anothei small note of warning we 
see many childien m the course of a laigely consultative 
seivice who appaiently have cential auditoiy disoideis, but 
who have been foiced to use the heaviest duty healing aids 
with maximum gams They have not wanted these aids, for 
the obvious leason that they have been given too much sound 
This warning will beai leiteiation, foi it is something about 
which gieat caie must be taken in the field At stake heie, 
m part, is a wide-eyed acceptance of a concept of deafness 
as a total kind of behavioi, as though one weie talking about 
a specific entity, always i elated to the same tissue, the same 
tissue-damage, and the same dysfunction It is extiemely 
important in dealing with young childien to deteimme wheth- 
ei the pioblem is peiipheral oi central, oi combined—whethei 
it involves both healing and listening, oi something else 
entuely, we also find—and believe that this is sensible 
piactice—that oftentimes when one is quite suie that the 
penpheial mechanism functions fanly well and that theie is 
evidence of a central involvement, a very mild-gam healing 
aid may be salutaiy, laigely as an attention-centenng device 
This is a mattei of judgment and expenence, not only m 
teims of a test-pictuie but also all the lest of the pictuie 
which, to us, mvolves a most thoiough otologic, pediatnc, 
neurologic and often psychiatnc appiaisal 

We were asked to discuss healing tests One idea that has 
emeiged fiom this discussion is that eveiybody who has 
spoken on these topics has agieed that healing tests alone 
aie not sufficient to describe these problems, moie than that, 
that any one healing test is totally inadequate to descube even 
a majoi pait of the functions that i elate to what I have been 
calling “leflexive healing” 

Just two moie points I should like to commend attention 
to Di Deibyshne’s use of the teim apliasoid This is a good 
teim, because it does not have a direct lelationship with the 
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classical neurologic history of the aphasia that many of us 
have lived with Moie than that, it sti esses the idea that we 
are not dealing with a little categoiy of specific damage that 
can fit into a cubby-hole, the "old” simply means like When 
a child is described as aphasoid m behavioi, the descubei is 
on safe ground, because he is piesumably saying that the mam 
trouble is not auditoiy, and that he wishes he knew bettei 
how to descube what is wrong with him 

This world of ouis needs to wake up to the needs of chil- 
dien who have these diveise, diffuse central language dis¬ 
orders, with 01 without central oi penpheral auditory dis- 
ordeis Some of you gentlemen here at the Central Institute 
for the Deaf may foiget that you aie sitting m the “angel’s 
chair ” You have a curriculum and a faculty capable of 
moving a child back and forth, at need, fxom one stream of 
training to anothei To my knowledge, there are piecious 
few othei places m existence wheie this second pioblem, this 
aphasoid behavior, is even lecognized, let alone where some¬ 
body is trying to do something about it 

Dr. Ira J Hirsh The usefulness of the test depends more 
on the method employed than on the particulai test technique 
Auditoiy tests alone are incapable of resolving the pioblem 
as the risks of enoi aie too gieat Auditoiy tests must be 
included m an ensemble of tests We oui selves proceed m 
the following mannei m the first place, we make a very 
complete interrogation of the paients on the history of the 
child’s genetic development, his motoi behavioi, his emo¬ 
tional, sensory, and intellectual behavioi, the development of 
his language, and his family In the second place, we study 
the mental age of the child Theie exists m France a batteiy 
of non-veibal tests, established by Madame Borel-Maisonny, 
that we consider sufficient foi a primary discrimination 
What we wish to know heie is whethei or not the child has 
a substantial mental letaidation, and whethei he is capable 
of accomplishing the audiometnc tests In the thud place, 
we study his language This language evaluation has two 
objectives first, to analyze difficulties in the language be¬ 
havioi itself The alterations in language can be subsumed 
under two groups of phenomena First, the tonal quality of 
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the voice, the lhythrn and aiticulation, when these aie very 
alteied the child’s language is only a babble, (Fiench, chaia- 
bia), only once m a while modulated by a lecognizable woid 
The second concerns the understanding of woids and then 
memorization, changes m syntax and automatic responses and 
verbalizations The fust category is the fact of penpheial 
deafness, and the second indicates disorders of central origin 

Fourth, we pioceed to the auditoiy tests We always use 
tests with noise, 01 puie tones, and the spoken voice The 
pnncipal basis foi the voice tests, to which we attach gieat 
importance, is the utilization of responses that the child 
alieady has, and these can be established m collaboration 
with his paients Can the child lespond to his name, some 
woids that he seems to understand, what aie some of his 
vocalizations, the woids that he can pionounce and otheis 
that he can understand’ The tonal test that we find most 
useful is the peep show, because it can be used relatively 
eaily, m certain intelligent childien at the age of thiee yeais, 
m otheis at foui yeais of mental age This age is precisely 
the one at which we wish to begin intensive training The 
second leason foi using the peep show is that it is very pre¬ 
cise Our experience in this aiea is abundant We have 
been using it foi seven yeais Thud, the behavioi of the 
child dunng the couise of the test is nch m revelations of 
his own chaiactei and capacities foi attention, self-conti ol, 
comprehension and emotional behavioi 

Among the vocal tests oui piefeience is foi a test with 
pictures We have assembled a laige collection of pictuies, 
among which we always find objects 01 animals that are inter¬ 
esting to a child We name them with a term that he uses 
himself, or that he can leam If a child does not speak, but 
is capable of designating these objects with some name 01 
othei, even though incoiiect, this name is used m the test 
The test permits us to leam very lapidly the capacities both 
foi healing and foi lipreading m the child 

Dr Robert Goldstein Foi every child we try to get as 
much information as possible fiom extensive case histories, 
fiom psychometnc examinations, fiom neuiologic examma- 
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tions when possible, and fiom caieful obseivations of geneial 
behavioi Foi today, howevei, I shall limit myself to the 
usual kinds of heaung tests we use to learn the natuie of 
auditoiy disoideis, m oidex to make educational lecommenda- 
tions 

In all of oui heaung tests we look foi at least two things 
one, the weakest sound to which a child will lespond, that is, 
Ins thieshold, two, the mannei m which he lesponds to sound 

Fust of all we look foi overt leactions to sound, eithei 
staitle lesponses 01 voluntaiy responses Oidmaiily, it is 
difficult to obtain startle lesponses at a child’s thieshold, 
but if we begin with weak sounds fust and giadually mciease 
the intensity, we may get the fust leaction close to thieshold 
Almost any child will cease to 1 eact to the same kind of sound, 
even at high intensities, if that sound is lepeated frequently 
Vaiiation m the kind of stimuli does much to delay this 
adaptation to sound The child with a C N S abnormality 
tends to ignoie sounds soonei than the child with a simple 
penpheial abnoimality 

Whenevei it is possible, we attempt to condition a child to 
make a voluntaiy lesponse, such as removing a peg fiom a 
boaid when he heais a sound The child with an abnormality 
of the C N S is much moi e difficult to condition than a child 
with a penpheial defect In any case, we extend oui selves as 
much as possible to condition a child in ordei to get him to 
lespond at the limit of his sensitivity 

When oui findings on the basis of overt behavioi aie too 
vague to be dependable, we tiy to determine a child’s auditory 
threshold mdnectly by using electiophysiologic leactions to 
sound as mdicatois of "heaung” We attempt to condition 
electrodeimal lesponses, bettei known to you as GSR, to 
sound with electnc shock as the unconditioned stimulus Oi 
we examine electioencephalic lesponses to sound, that is, 
changes m the biam waves in lesponse to sound while the 
child is asleep We do not attempt to condition electioence¬ 
phalic lesponses In both electiodermal and electroencephalic 
audiometry we tiy to be as objective as possible m oui judg¬ 
ments of electrical lesponses, which we analyze, by the way. 



238 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


only after oui test is finished, howevei, we do make note of 
any overt lesponses dui mg oui tests 

As in the case of conditioning voluntaiy lesponses, it is 
geneially moie difficult to condition electiodeimal lesponses 
to sound m childien with C N S defects than m childien with 
penpheial defects This is by no means a cleai diffeientiat- 
mg cuteiion because theie aie many deaf childien and many 
noimal childien who aie also difficult to condition 

In our buef expenence with electioencephalic audiometiy 
we have found that it woiks as successfully with the childien 
we call aphasic as it does with deaf childien We see on 
a few occasions that childien with CNS abnoimalities give 
lesponses to significantly weakei sounds than evei consis¬ 
tently elicit voluntaiy 01 electiodeimal lesponses Oidmanly, 
though, there is good agieement among all tests as to thiesh- 
old of auditoiy sensitivity when theie aie leasonably con¬ 
sistent lesponses in each of the tests 

Sometimes we aie successful in deteimining auditoiy 
thiesholds by these mdnect techniques, and sometimes we aie 
not Most often, howevei, we get enough information to con- 
fnm, at least partially, what we aie able to observe in the 
overt lesponses 

In geneial summaiy, we tiy to condition voluntary le¬ 
sponses to sound whenevei possible and lely on staitle le¬ 
sponses when we cannot condition a child We push to the 
limit of auditory sensitivity but we note lesponses to supia- 
threshold stimuli as well, as indication of a child’s oidmary 
leaction to sounds We attempt indirect detei mmation of 
thresholds thiough electi o-physiologic responses to sound 
when we cannot obtain leasonably consistent overt lesponses 
The child with loss of auditoiy sensitivity because of a defect 
of the auditory nerve 01 cochlea, that is, the deaf child, usual¬ 
ly conditions fanly easily within the limits of his age, is 
leasonably consistent m his lesponses, and usually shows a 
gieatei loss of sensitivity foi high fiequencies than for low 
fiequencies The child with a defect in auditoiy peiception 
and in linguistic development, because of some CNS ab¬ 
normality, is moi e difficult to condition, is usually inconsistent 
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in his lesponses, and most often shoi\s no loss 01 only a 
moderate loss of sensitivity 

Dr. Silverman Di Myklebust w ill give his answeis to the 
questions m a single presentation 

Dr. Helmer My klebust Emphasis on the ways in which 
hearing tests can be useful m making educational lecommenda- 
tions is highly desnable Often heaung tests have been an¬ 
alyzed m teiTns of their significance m psychophysiology 
ithout refeience to the implications of the results foi the 


Basic Objectives for the Appraisal 
of Auditor\ Capacities 


Determine the tvpe Determine the Extent Determine the Site 
of Auditom Disorder of the Defect of the Lesion 


Fig 1. 


The Primary Tvpes of Auditorv Disorders 


Peripheral Deafness----(End Organ) 

Central Deafness______(Auditorv Pathvavs) 

Psychic Deafness___—(Mental Illness) 

Perceptual Disorder__— (Listening Defect) 

Receptive Aphasia__-(Language Disorder) 

Auditorv Agnosia----(No Sound Meaning) 

Overlapping Conditions___ (Multiple Disorders) 


Fig 2 


child’s education and geneial adjustment When we study the 
objectives foi appiaismg a child’s auditory capacities we find 
there are at least three basic goals (a) to deteiimne the tvpe 
01 natuie of the auditory incapacity, (b) to deter min e the 
extent oi the degiee of the defect, and (c) to ascertain the 
site oi sites of the lesion This is shown schematically m 
Fig 1 

Theie aie six conditions encounteied in the appiaisal of 
auditory disoideis in young childien, as shown m Fig 2 
The seventh possibility is that moie than one deficiency is 
piesent, necessitating the determination of overlapping con¬ 
ditions 
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Penpheial deafness lefeis to end-oigan defect Cential 
deafness means that the auditoiy pathways in the cential 
neivous system have been impaned and that the neive im¬ 
pulses do not leach the inteipietation aiea m the auditoiy 
cortex This impaument falls essentially between the cocli- 
leai nuclei and the medial geniculate bodies 

Psychic deafness is the condition wheieby the child has 
adequate capacities oigamcally but 1 ejects sound foi leasons 
of emotional dismtegiation It is oui expenence that psychic 
deafness in young childien occuis mainly m psychotic clnl- 
dien, but might be piesent m the seveiely neuiotic 

Receptive aphasia occuis as a lesult of damage to the 
mtei pi etation aiea m the tempoial lobe It is a symbolic 
language disoidei and is piesent with consideiable fiequency 
m young childien 

Auditoiy agnosia lefeis to the condition lesultmg fiom 
gioss damage to the auditoiy cortex Appaientlv this con¬ 
dition occuis only laiely When it is piesent the child can¬ 
not attach meaning to any sound although he has noimal 
healing acuity 

Auditoiy peiceptual disoideis aie complex and may af¬ 
fect the normal auditoiy piocess m vanous ways Figuie- 
giound may be distuibed with the lesult that the child cannot 
use the auditoiy field selectively, thus, he can heai, but he 
cannot listen Auditoiy memoiy and discilmmation also mav 
be involved 

Ovei lapping conditions lefei to the piesence of moie than 
one defect Pei haps one of the pnmaiy pioblems lelative to 
lieaung impaned childien is the multiple handicap of healing 
loss and biam damage 

Complete auditoiy appiaisal assumes that each of these 
conditions has been consideied and that the specific type of 
auditoiy disoidei has been deteimined 

Now we come to the second majoi objective, the deteimma- 
tion of the extent 01 the degiee of the defect If penpheial 
deafness is piesent it is essential to ascertain the degiee of 
the heanng loss For educational pm poses the most sig- 
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mfleant single factoi m this connection is the extent to which 
the deafness has affected language acquisition and usage 
Foui majoi classifications of degiee of deafness lelative to 
educational lecommendations aie shown m Fig 3 

Children with a moderate heaung loss do not lequire 
specialized educational pioceduies Their language abilities 
fall within noimal limits Those who aie seveiely haid of 
hearing lequne special educational methods, but they benefit 
substantially fiom the use of amplification The profoundly 


The Degree of Deafness 

Hard of Hearing (Moderate 1 
Heard of Hearing (Serere) 

Profound Deafness 
Deafened 


Fig 3 


The Site of the Lesion in Auditors Disorders 


External Ear 

.. .... .....(Atresias) 

Middle Ear _ _ _ _ _ 

. .. (Conductive) 

Inner Ear 

. _ . . .. . (Xerve-cochiear) 

Auditor' Pathways_ 

. (C X S ) 

Auditory Cortex „ _ __ 

____(Temporal Lobe) 


Fig i 


deaf child seems to gam very little educationally fiom ampli¬ 
fication, and theieby is dependent upon the specialized tech¬ 
niques developed specifically by educatois of the deaf The 
deafened child is one who has sustained piofound deafness 
aftei five years of age and thus retains his language abilities, 
when profound deafness is sustained pnor to five years of 
age usually the language which had been acquned is not 
retained 

The thud pnmary objective of the auditory appraisal is 
to determine the site of the lesion Five major sites of lesions 
to be considered m appraising auditory capacities are showm 
m Fig 4 

Lesions of the external, middle, and mnei eai traditionally 
are determined by tests of acuity, usmg the bone and an 
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conduction methods The most common type of deafness in 
young childien is that which lesults fiom deficiency in the 
mnei eai Fiequently, mnei eai lesions can be piedicted 
fiom the degiee of the healing loss, when losses of 60, 70, 
80 db, oi moie aie piesent it is appaient that the loss does 
not deuve fiom a simple conductive involvement Lesions of 
the cential auditoiy pathways and of the auditoiy cortex are 
moie difficult to deteimme objectively, howevei, some test 
suggestions aie given latei 


Age of Onset of the Auditor' Disorder 


Prenatal Period 

Pre-speech Age 

Eailv Language Period 

Late Language Period 

„(Before Birth) 
(Birth to 2 jrs ) 
_ _ (2 to 5 irs ) 

(After 5 i rs ) 

Fig 6 


Etiological Classification of Peiipheial Deafness 

Endogenous—(All lieieditarj) _ 

Exogenous— (All non hereditary) 

(a) Meningitis 

(b) Othei diseases 
Undetermined (Unknown) 

„ 22 6% 

„ 11 3% 
27 8% 

__ „ 38 3% 

N = 822 

100 % 


Flgr 6 


Two othei significant determinations fiom the point of 
view of educational lecommendations aie the age of onset 
and etiology These do not deuve dnectly fiom the auditoiy 
test itself, but they aie factois that must be consideied when 
inteipieting lesults The importance of age of onset is 

indicated by the diffeient natuie of the educational lecom¬ 
mendations when deafness is sustained m the pie-speech age, 
oi aftei five yeais of age The importance of etiology is 
indicated by the highei incidence of multiple handicaps, such 
as deafness and biam mjuiy, when the deafness lesults fiom 
mbella, meningitis, oi certain othei diseases The pumary 
classifications of age of onset m young childien aie shown m 
Fig 5 

The pnmaiy etiological classifications aie shown m Fig 6 
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That etiological factors are significant m terms of edu¬ 
cational recommendations is apparent fiom the fact that 
leseaich ie\eals significant diffeiences between the exogen¬ 
ous and endogenous in such aieas as intelligence, motoi capa¬ 
cities, and educational achievement 

No one test of auditoiv capacity can satisfi all of oui 
demands or goals Actually thiee essentialh diffeient tvpes 
of tests aie lequned This is lllustiated m Fig 7 
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Fig- 7 


Most tests pi ovide relevant information concerning the 
integrity of all three of these avenues Fox example, if a 
child is difficult to condition, either with PGSR or in con¬ 
ditioned play audiometiy, there is a presumption that even 
though he might have a heaung loss, he is also biam damaged, 
mentally ill, or mentally deficient, however, some tests aie 
more useful than otheis foi ascertaining a specific tvpe of 
integrity We have found listening tests to be highly useful 
m the study of children piesentmg pioblems of the brain 
damage tvpe In geneial, receptive aphasic children have 
auditorv perceptual disordeis, and thus cannot give the 
sustained attention lequired m listening We are m the 
process of standai dizxng a battery 7 of auditory perceptual 
tests on normal children and those with auditory disorder’s, 
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and these tests show piomise foi use m diagnosis The im¬ 
plications of this study aie shown m Fig 8 

Noimally we select sounds fiom the auditoiy field accoid- 
mg to oiganismic exigencies at any paiticulai moment This 
is lllustiated by the anows showing noimal shifting of figuie- 
ground We see also that a basic function of backgiound 
heaung is scanning of the envnonment in oidei that the 
oiganismic homeostatic lelationships can be maintained In 
conti ast, foiegiound heaung selves the basic puiposes re- 
quning listening, especially foi the puipose of communication 


Auditory Peiceptual Functioning and Figure-Giound Behavior 
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Fig- s 


In geneial, study of young childien having auditoiy dis- 
01 deis suggests that they fall into groups on the basis of their 
auditory peiceptual behavioi Those having impaiied heal¬ 
ing lose the backgiound function of heaung and, theiefoie, 
aie lestucted to foregiound heaung In psychic deafness the 
child lelmquishes intei-peisonal relations by lejecting foie¬ 
giound heaung, but he letams the more penpheial oi pumi- 
tive backgiound use of heaung The biam damaged child 
cannot structuie the auditory woild, so he is a victim of the 
entile sound field He cannot select an appropriate sound 
and attend to it to the extent that the orgamsmic needs aie 
achieved satisfactorily In a lecent publication Dr Neff 
leported similai behavioi m cats aftei ablation of parts of 
the auditoiy cortex 

The child with cential deafness seems deficient on tests of 
localization, this is m conti ast to those with penpheral 
deafness, fuithermoie, these childien seem to be leduced in 
pam level lesponsiveness They might have noimal acuity 
by PGSR but do not have ability to monitor then vocalizations 
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A numbei of otliei cliaiactenstic lesponses might be given 

Psychic deafness m young childien fiequently can be de- 
tei mined most satisfactory by mfoimal tests, 01 by a com¬ 
bination of foimal and mfoimal techniques Because these 
childien tend to 1 eject foiegiound heaung the test •which is 
limited to backgiound responses is most suitable Condition¬ 
ing techniques fiequently aie uniehable vith this gioup 
Tests lequinng scanning of backgiound, monitonng of vocali¬ 
zation, and selective compiehension have been helpful in as¬ 
certaining whethei such childien have noimal heaung and 
aie 1 ejecting sound foi emotional leasons 

In young childien piesentmg complex auditory disoiders 
the lieaimg test alone fiequently does not make it possible to 
make a diffeiential diagnosis Often psychological, psychi- 
atne, and neuiological study must be included The total 
matuiational aspects and the behavioial symptomatologies 
aie cutical factois 

Of a gioup of 325 pie-school age childien with auditory 
disoideis there veie eighty with penpheial deafness, sixty- 
eight with deafness with cential involvement, one hundied 
and forty-two having aphasic and othei types of cential in¬ 
volvement, twenty-foui with psychic deafness, and eleven 
mentally deficient A levealmg aspect of this study was the 
high incidence of childien having both deafness and biam 
mjuiy and the slightly highei incidence of childien having 
auditory disoideis othei than penpheial deafness This seems 
to us to highlight the importance of diffeiential diagnosis 
and the implications foi educational l ecommendations 

Dr Silverman What we shall do fust is to ask the panel 
to leact with each othei 

Dr Hardt Considenng the independence of this gioup, 
I think theie is a tiemendous unanimity involved I do not 
know wheie Di Hush stands I am becoming mcieasmgly 
concerned about the use of the teim “biam-injured” as a 
genetic lefeience to so many of these pioblems We see 
many moie childien who get that way fiom pie-natal events 
of one sort oi anothei wheiem theie is no extenoi evidence 
of mjunes Neuiologists examine these childien and keep 
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telling us that they can see no othei evidence of biam injury, 
and oui psychologists keep saying they can see no othei 
paiticulai evidence deteimmable except auditoiy peiception 

You have to be veiy caieful about this concept so that it 
doe* not become a label attached to many of these childien, 
because, m all tiuth, ninety-nine pei cent of oui school people 
will not accept a “biain-mjuied” child, wheieas a deaf one is 
all light I would like to know what the panel thinks about 
that 

Dr Myklebust Well, I might sav that I quite agiee that 
we need a bettei teim, also, that, as we use the term, we do 
mean cential involvement, not necessanly liteially an involve¬ 
ment of the damage type It is entnely possible that some of 
these aie biochemical, of couise 

I would like to comment on the lattei pait of Di Haidy’s 
comment just to this extent, that I suppose, cential involve¬ 
ment, 01 damage, whichevei kind of teim we aie going to use, 
is m the state today wheie theie is no one key to it Some¬ 
times the EDG shows it, sometimes a neuiological shows it, 
sometimes the psychological shows it, etc Ceitamly, motoi 
tests and othei tests of this type aie fiequently useful in 
bunging this into the foiegiound It is essential that we use 
a multiphasic appioach of study to this condition at this time 

Dr Goldstein I would like to make two comments about 
the use of the woid or teim “biam-mjuiy”, one is that I am 
m paitial agieement with Di Haidy that a peison can have 
oigamc mjuiy to the biam and have no obvious pioblems m 
communication He may have peifectly noimal heaung, 
speech and language A peison who does have pioblems m 
communication that cannot be attubuted to a loss of sensi¬ 
tivity, to mental deficiency, 01 to psychic distuibance, may 
veiy well have a language disturbance of some soit piesum- 
ably due to some abnoimality of the oigamc cential neivous 
system, m fact, we have enough indications to accept the 
aphazoid 01 aphasic behavioi as a symptom of some cential 
neivous system abnoimality 

I have a gieatei objection to the woid “biam-mjuiy” in 



INTERNATIONAL CONFERENCE ON AUDIOLOG'i 


247 


parallel w ith the term “deafness ” I thmk we should say 
eithei “ear-mjur\“biain-m]ur\” 01 “deafness” and some 
othei language distuibances 

Dr Hirsh Di Tienque has wntten a summary page 
which she entitles “Reflections on the Pioblem of Auditory 
Testing of the Young Child, and the Data that such Tests 
Supply ” 

At this stage of oui expenence, we considei that there are 
two categones of childien relatively easy ones and difficult 
ones The lelativeh eas\ ones are the following Fust, 
puieh deaf childien, that is, childien who aie only deaf 
w ithout other deficiencies supei imposed One know s now the 
behavioi of puielv deaf children, then chaiactenstic dif¬ 
ficulties, and the letaidation that follows the deafness m 
intellectual performance The diagnosis is fairly easy, and 
the measuie of the amount of deafness can be established 
with precision aftei the age of four yeais The second cate¬ 
gory of lelativeh easy cases aie mental defectives These 
are equally easy to scieen It is moie difficult to say whethei 
a partial deafness is supplemented b\ mental letaidation 

The difficult cases aie composed of the following groups 
children who ha\e important psychic difficulties, aphasic 
children, deaf childien with an intellectual 01 psychic deficit 
In oui opinion, only a piolonged observation will permit the 
establishment of a diagnosis 01 prognosis that is pi ease 
Compensation foi deafness depends essentially upon mental 
capacities and the social adaptation of the child One can 
only hope, even aftei a complete test of healing, intellect and 
psychology of the child The leal capacities foi oveicoming 
deafness cannot be appi eciated definitively even m the couise 
of the fust stage of education, that is, at the acquisition of 
concrete vocabulary, leading and writing, but only aftei the 
child has acquired moie complex notions of time, cause, at- 
tiibutes, etc 

Dr Myelebust I think theie is peihaps moie agieement 
on this question than we had anticipated I suppose I could 
laise the question now as to whethei we can classify childien 
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telling us that they can see no othei evidence of biam injury, 
and oui psychologists keep saying they can see no othei 
paiticulai evidence deteimmable except auditoiy perception 

You have to be veiy caieful about this concept so that it 
does not become a label attached to many of these childien, 
because, m all tiuth, ninety-nine pei cent of oui school people 
will not accept a “biain-injuied” child, wheieas a deaf one is 
all light I would like to know what the panel thinks about 
that 

Dr Myklebust Well, I might say that I quite agiee that 
we need a bettei teim, also, that, as we use the teim, we do 
mean central involvement, not necessanly hteially an involve¬ 
ment of the damage type It is entnely possible that some of 
these aie biochemical, of couise 

I would like to comment on the lattei pait of Di Haidy’s 
comment just to this extent, that I suppose, cential involve¬ 
ment, 01 damage, wlnchevei kind of teim we aie going to use, 
is m the state today wheie theie is no one key to it Some¬ 
times the EDG shows it, sometimes a neuiological shows it, 
sometimes the psychological shows it, etc Certainly, motoi 
tests and othei tests of this type aie fiequently useful m 
bringing this into the foiegiound It is essential that we use 
a multiphasic appioach of study to this condition at this time 

Dr Goldstein I would like to make two comments about 
the use of the woid 01 teim “biam-mjuiy”, one is that I am 
m paitial agieement with Di Haidy that a peison can have 
01 game mjuiy to the biam and have no obvious pioblems in 
communication He may have peifectly noimal healing, 
speech and language A peison who does have pioblems m 
communication that cannot be attubuted to a loss of sensi¬ 
tivity, to mental deficiency, oi to psychic distuibance, may 
veiy well have a language distuibance of some soit piesum- 
ably due to some abnoimality of the oigamc central neivous 
system, m fact, we have enough indications to accept the 
aphazoid oi aphasic behavior as a symptom of some cential 
neivous system abnoimality 

I have a gieatei objection to the woid "biam-mjuiy” m 
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We should gn e oui audience an opportunity to direct ques¬ 
tions to anv membei of the panel 

Dr Hirsh I apologize foi not being able to defend some 
of Di Tienque’s points heie Theie veie certain paragraphs 
m w hich I panicked befoie I got to the end, and this "will be 
published m full when we publish the proceedings I thank 
Di Bocca, who biought Di Tienque’s paper heie He has 
seen hei recently, and peihaps, fiom the discussion that comes 
fiom the flooi he may wish to make a comment 01 two as to 
Ins leflections of hei point of view on these matteis 

Dr Bocca I have no comment 

Dr Silverman We shall now gne oui audience an oppor¬ 
tunity to dn ect questions to any membei of the panel 

Dr Bruce M Siegenthaler I would like to dnect a 
question to Di Mvklebust In youi last slide i ou showed the 
lesults of the classification of thiee hundred and some chil- 
dien Will you comment as to what geneial population that 
has been diawn from 9 What aie the factois that led to 
picking out these particular three hundied and twenty-five 
children 7 

Dr. Mr klebust That is a \ erv good point I am glad it 
comes up because I meant to mention, that this is a selected 
sample This is a sample of childien who come to a hearing 
diagnostic centei in a medical school They aie definitely 
selective factors Thev have come theie because they have 
very leal pioblems 

Dr. Silverman May I ask a question do you think that 
because we become inteiested m a ceitam kind of child, we 
mav be looking at a verv obscuie sample m the way we 
operate 7 

Dr Mi klebust I would agiee with that entnelv, and we 
must be caieful about selected samples That is why, m 
anothei survey which does include childien thioughout the 
nation, we have stiatified samples from all types of schools 
and age levels and so on I think it is a very important ques¬ 
tion I flunk it is very important to mention that the data 
theie necessarily lepiesent the basic tlungs 
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having ceitam kinds of language disoideis as aphasie I find 
it difficult to see why we should not do so if the condition is 
compaiable to that tiaditionally lefened to with adults I do 
not see why we should confuse age of onset with classification 
The fact that the child sustains this pienatally 01 at the time 
of birth does not altei the basic classification 

In deafness we specify eaily deafness by congenital deaf¬ 
ness, m psychiatiy, they use the teim schizophienia Child¬ 
hood aphasia I wondei what you think about that 

Dr Goldstein I would like to speak m support of that 
comment I think that simply because the teim “aphasia” 
giew up aiound adults does not make it the particulai piop- 
erty of adults People have objected to the use of “aphasia” 
m childien because of the obvious diffeiences m behavioi of 
the adult aphasie They say that the peison who has sus¬ 
tained an accident is so diffeient fiom the child who nevei 
developed language, but, have you evei stopped to compaie 
an adult who suddenly loses healing to a child who nevei 
had any heaung Theie is a tiemendous diffeience m many 
aspects between these two people, and yet, if they have ceitam 
symptoms m common, we have no objection to calling the 
adult “deaf” and the child “deaf ” 

Dr Hardy I object to calling eithei of them deaf Let 
us considei how much heaung they have 

I would like to play along with this idea of childhood 
aphasia with a pioviso 01 two fust, the field of neuiology 
is beginning to learn what we aie talking about in teims of 
functional and developmental aspects of these pioblems I 
am not suie that is a geneial tiuth at piesent, second, eveiy- 
body who addiesses this concept of childhood aphasia leally 
makes a senous effoit to include and distinguish this business 
of auditoiy peiception 01 impel ception and stop talking about, 
let’s say, a penpheial child with aphasia The only qualifica¬ 
tion is that these things be made inclusive and exclusive m 
one way, whethei one is discussing auditoiy mfoimation as 
the lack of development, or damage to the centeis which have 
to handle that mfoimation as the lack of development, and 
how these two get togethei 
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peihaps not so tiue of the individual with the diffeience m 
the two eais 

It seems to me that it is something worth watching and 
worth testing for increasingly I think we have a gieat deal 
to learn with this localization and its validity and leliability 
and so on We do feel that theie is a correlation between it 
and damages that cannot be explained on the basis of penph- 
eial involvement 

Dr Hardy Di Tienque agrees with that obseivation I 
should think that wheie theie is a piofound involvement this 
would not be too cntical a point, because, it is oui expenence 
that when it is piofound, eithei penpheial 01 central, it is 
bilateial, both sides aie involved Oftentimes there are 
conductive lesions, 01 acute otitis moie seveie m one side 01 
the othei 

This business of undertaking audiologic appiaisal of these 
joung children without a full foiegiound and background of 
the best possible woik is foi the buds, as we may say 
You have all the information possible about the organic state 
of the child I think that would tend to dnect the thinking 

Mr Jack Rosen I am particulaily pleased to have so 
much attention called to the central problems, but, at the 
same time, I would like to call attention to the fact that thei e 
is no law which lequnes that a child have only one pioblem, 
even if there weie, childien would not obey it 

The purpose of this lemaik is that the central pioblems 
aie determined upon the basis of symptoms which aie not 
auditory foi the most part It is quite possible, and m fact, 
very often it does occui that children do have hearing losses 
and some of these othei symptoms at the same time There 
is a tendency, when attention is called to a new phenomenon, 
to disregaid some of the oldei phenomena and techniques, 
and I would be particularly concerned about the neglect of 
caieful audiological evaluation before deciding that a child 
has only a central pioblem or only a psychic deafness, because 
this can lead to serious pioblems I would also be very caie- 
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Dr R N Reilly Dining the discussion of the successful 
techniques none of the membeis of the panel have mentioned 
the question of fiequency modulation m testing young chil- 
dien When I was m the Nethei lands tlnee yeais ago, Di 
Huizmg was using fiequency modulation m testing babies 
and young childien, and dunng the past six months I have 
used it with quite a good deal of success I wondei what the 
comment of the panel would be in ielation to that’ 

Dr Hardy I think, Di Reilly, that this simply leflects 
the time We have used fiequency modulation foi six 01 
seven yeais as paid; and paicel of the puie tone piesentation 
m subjects It is a wondeiful attention centeung device and 
oftentimes, as you play back and forth between a steady pulse 
tone and then mtioduce modulation, you get lesponses you 
cannot get otheiwise, paiticulaily with C N S involved chil- 
dien, I think 

Dr Maurice H Miller Dr Myklebust mentioned that 
the child with a cential disoidei will have difficulty, 01 may 
have difficulty, m localizing sound Will not a child with a 
penpheial pioblem also have difficulty m localization if theie 
is a large difference m the acuity between eais, and is this 
not a factoi of the difference between eais rathei than with 
the site of the lesion’ 

Dr Silverman May I lepeat the question The question 
is first m the foim of a comment that Di Myklebust indicated 
that difficulty m localization might indicate a lesion of the 
cential nervous system Di Millei laises the question as to 
whethei that might not be tiue of end-oigan 01 middle ear 
deafness, foi that mattei, and may be 1 elated to a diffeience 
m sensitivity m the two eais 

Dr Myklebust Yes, of couise Diffeience of degiee of 
involvement of the two eais might very well be affecting 
localization response As such, we can do nothmg but accept 
it and entnely agiee that it is a very ieal possibility 

I suppose I am refeiring to something moie like this, that 
m certain childien, and tins is not specifically those with, 
let’s say, a simple penpheial involvement, not only do they 
not localize, but they do not attempt to localize This is 
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peihaps not so tiue of the individual with the diffeience m 
the two eais 

It seems to me that it is something worth watching and 
worth testing for mcieasingly I think ve have a gieat deal 
to learn with this localization and its validity and leliability 
and so on We do feel that theie is a con elation between it 
and damages that cannot be explained on the basis of penph- 
eial involvement 

Dr Hardy Di Tienque agiees with that observation I 
should think that wheie theie is a piofound involvement this 
would not be too cntical a point, because, it is oui expenence 
that when it is piofound, eithei penpheial 01 cential, it is 
bilateial, both sides aie involved Oftentimes theie aie 
conductive lesions, 01 acute otitis moie seveie m one side 01 
the othei 

This business of undertaking audiologic appiaisal of these 
young childien without a full foiegiound and background of 
the best possible woik is foi the buds, as we may say 
You have all the information possible about the oiganic state 
of the child I think that would tend to direct the thinking 

MR Jack Rosen I am particular lv pleased to have so 
much attention called to the cential pioblems, but, at the 
same time, I would like to call attention to the fact that theie 
is no law which lequnes that a child have only one pioblem, 
even if theie weie, childien would not obey it 

The purpose of this lemaik is that the cential pioblems 
aie determined upon the basis of symptoms which aie not 
auditory foi the most part It is quite possible, and m fact, 
very often it does occui that childien do have heaung losses 
and some of these othei symptoms at the same time Theie 
is a tendency, when attention is called to a new phenomenon, 
to disiegaid some of the oldei phenomena and techniques, 
and I would be particularly concerned about the neglect of 
caieful audiological evaluation befoie decidmg that a child 
has only a cential pioblem or only a psychic deafness, because 
this can lead to serious pioblems I would also be very caie- 
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ful about deciding this on the basis of gioss tests such as 
1 espouses to vocalization, the voice tests which aie some¬ 
times con elated with speech tests but aie not the same thing, 
thus, cluldien with seveie high fiequency deafness aie now 
sometimes being classified as childien with cential pioblems, 
childien with psychic deafness, because they leadily lespond 
to voice and yet will not leam speech 

Dr Silverman I shall now attempt to summanze the 
panel dehbeiations 

The panel dnected its attention to thiee questions one 
having to do with the goals set, particulaily with lefeience 
to educational lecommendations and the testing of the hearing 
of young cluldien, two, the evidence foi the lesults of heal¬ 
ing tests that can yield mfoimation about the pathology 01 
auditoiy and othei disoideis, and thiee, what particulai 
techniques aie used 

The panel seemed to be concerned with the diffeientiation 
of end-oigan fiom othei types of lesions, and at one time 
seemed to woik on the anatomy, anothei time on the dimen¬ 
sions of behavioi, and still anothei time on the dimensions of 
ease of conditioning 

They seem to go fiom one to the othei, and they seem to 
admit that it was difficult to follow the outline In one case 
we got the woids “conductive” and “language” m the same 
column, and m anothei case we get a little bit of anatomy 
and behavioi in anothei column, but this, again, is a mattei 
of groping foi the umveisals to descube certain kinds of 
conditions that aie obseived 

Theie seemed to be unanimity with what was stated so 
succinctly by Di Tienque, that theie are easy and difficult 
cases What we aie tiymg to do, appaiently, is to supple¬ 
ment what seems to be a good deal of clinical artistry All of 
this is involved We have to develop moie objective tech¬ 
niques 

One thing sui puses me, howevei, about the statements of 
the panel heie, or one omission—and I know they aie aware 
of this-—and that is the validation of some of the statements 
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that have been made For example, from the audience theie 
v as a comment about a test’s being good What are the 
dimensions of goodness m terms of the behavioi of the child 
as he develops 9 

I also was suipused that theie was as much agieement 
among the people. I looked forwaid to bunging them to¬ 
gether and I am delighted that we have had this opportunity 
to have all of them I expiess our giatitude 


II DIAGNOSIS OF HEARING DISORDERS 

Aftei a buef lecess, the International Confeience on Audi¬ 
ology reconvened m the Auditonum of the Washington Uni- 
veisity School of Medicine, St Louis, Missoun, Di Ira J 
Hush, piesidmg 

Dr Hirsh We will now continue this afternoon’s sym¬ 
posium on the Assessment of Auditory Function We have 
discussed so fai tests appropriate to young children, and 
now we piopose to appioach an area that lepiesents piobably 
the closest connection between the disciplines of otology and 
audiology 


AUDIOMETRY IN DIAGNOSIS 
Raymond Carhart, 

Evanston, Ill 

I 

The subject of audiometry m diagnosis has no many rami¬ 
fications that one cannot hope to discuss it fully m a single 
paper, moreover the subject is one to which both leseaich 
and clinical contributions aie continuously being made, so that 
any review one undertakes today will seem inadequate to¬ 
morrow Realism requues that the piesent discussion be 
lestiicted appropriately 

To this end, only the relationships between measurement of 
thresholds foi pure tones and diagnosis of healing disoiders 
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aie heie consideied The importance of speech audiometry, 
the significance of supia-threshold function m lesponse to 
puie tones and to noise, and the value of special techniques, 
such as psychogalvanic audiometiy aie obvious Each of 
these topics is worthy of extensive coveiage, but the piesent 
discussion is aibitianly lestiicted to a leview of major prin¬ 
ciples m inteipietmg conventional threshold audiogiams and 
to an examination, thiough examples, of the fact that the 
foimulation of additional principles may be anticipated 

n 

The an conduction audiogiam conveys substantial informa¬ 
tion of diagnostic importance 

Foi one thing, an conduction curves are sufficiently typical 
in some types of healing loss so that the audiometric pattern 
suggests a possible etiology to the clinician The most obvious 
illustration of such a situation is the notched curve showing 
loss for high frequencies, which leads one to suspect noise- 
mduced heanng loss Anothei example is the gradual de¬ 
terioration in acuity foi higher frequencies so characteristic 
of piesbycusis In contiast, theie is the relatively flat loss 
of about 50 db which is slightly moie pionounced foi low 
frequencies than foi high frequencies Such a curve is likely 
to lesult from maiked stapes fixation, fiom certain othei 
conductive lesions, or fiom labyrinthine hydiops, if it is of the 
senson-neuial vanety Again, a tiough-shaped audiogiam 
which tends to follow an equal-loudness curve, i e , an equal 
phon contour, immediately suggest the possibility of a non- 
organic hearing loss, thus, while threshold pattern alone 
nevei allows definitive diagnosis, the details of the an con¬ 
duction curve often contnbute to such diagnosis It is, theie- 
foie, pertinent to continue an interest in the types of curves 
which categoi lze varieties of hearing impairment, and to seek 
furthei insight into the inter-dependencies between the two 

As a coiollary to the foiegoing observation, the relationship 
between the two ail conduction cuives obtained fiom a single 
patient tends also to distinguish vaneties of healing loss 
Bilaterally symmetrical impairments aie relatively common 
m some conditions, such as m endogenous congenital losses, 
and m piesbycusis Model ate dissymmetry of loss is usually 
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observed m othei conditions, foi example, in hearing losses 
due to anoxia at birth, 01 to otosclerosis Othei pathologies 
most commonly affect healing m one eai pnmarily 01 ex¬ 
clusively One lllustiation is the complete umlateial destiuc- 
tion of auditoiy function which mumps sometimes cause 
Similarly, acoustic neunnomas, temporal bone fiactuies, 
and sudden vasculai distuibances usually aie umlateial and, 
hence, effect audiometnc lesults in only one eai Again, 
cases with labyrinthine hydiops often show depiessed healing 
m only one eai, although this condition may manifest itself 
bilateially, and heaung loss tends to fluctuate markedly In 
consequence of tendencies such as those just mentioned, the 
clinician can fiequently utilize his observations on the audi- 
ometnc balance between eais as a helpful segment of the in¬ 
formation he requnes in oidei to leach his diagnostic judg¬ 
ment 


hi 

The fact that the relationship between an and bone con¬ 
duction thresholds assists m distinguishing senson-neuial in¬ 
volvements fiom lesions in the external and middle eai is, m 
the minds of many people, one of the most important diagnos¬ 
tic applications of pui e-tone audiometry The pi maples in¬ 
volved aie geneially accepted It is cleaily lecogmzed that 
adequate determination of bone conduction thresholds requn es 
precautions of calibiation and of test admimstiation beyond 
those which ai e necessary foi good air conduction audiometry 
When such precautions have been taken and the patient has 
an orgamc loss, the general level of the bone conduction 
curves indicates the degiee of senson-neuial involvement 
(without distinguishing between cochleai and letiocochlear 
sites) If the ail conduction curve lies at the same level, 
the total loss may be judged as senson-neuial By contiast, 
there cannot be a senson-neuial involvement when acuity by 
bone conduction is normal Heie, any substantial depression 
of acuity foi an-borne stimuli must be due to a lesion m the 
tiansmissional system In othei w r oids, such a relationship 
indicates a conductive loss The thud alternative is the con¬ 
dition wheie both bone and an conduction cuives aie de- 
pi essed, but whei e the loss by an is significantly gi eatei than 
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by bone In such an instance, the depiession of the bone 
cuive bespeaks a sensoii-neuial component of loss, while the 
fiuthei depiession m acuity foi an-borne sound is evidence 
of a concomitant conductive, 01 a tiansmissional, loss One 
is heie faced with a composite loss 01, as some would still 
teim it, a mixed loss 


IV 

In lecent yeais it has become mcieasmgly appaient that 
the clinical audiogiam contains a host of subtlei clues which 
can conti lbute to finei diagnostic diffeientiation A few of 
these aie cunently known, as is lllustiated in the subsequent 
sections of this papei It is impel ative to lemembei, how- 
evei, that the clinical audiogiam contains additional clues 
Some of these await disco veij r , while the significance of otheis 
needs clanfication The geneiahzation which must be stiessed 
at the outset is that clinicians have tended to discount subtlei 
configuiational featuies of the audiogiams at then disposal 
and, hence, have failed to gam full benefit fiom these test 
lecoids Tiue, much leseaich is needed to catalogue all the 
aids to diffeiential diagnosis which leside m good clinical 
audiogiams Foi the moment, howevei, the impoitant points 
aie that known clues aie not being used fully, and that clin¬ 
icians, on the whole, aie not actively cunous about the less 
obvious significance of the puie-tone audiogiam 

v 

Particulaily good illustiations of subtle audiometnc clues 
aie found m the bone conduction cuives chaiacteiizmg dif- 
feient kinds of tiansmissional deafness Mechanical lesions 
tend to cause distinctive distoitions m bone conduction audio¬ 
giams These distoitions aie slight, and they aie due to 
changes m the physical constants of the auditoiy system 
lathei than to modifications of senson-neuial activity In 
othei woids, the effective agitation leaching the oigan of 
Corti fiom a bone conduction oscillatoi can be influenced to 
a measui able degiee bv the condition of the middle eai and 
of the external eai 

Fixation of the stapes, foi example, induces such mechanical 
modification in the bone conduction audiogiam Fig 1 pie- 
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sents a lecoid which is chaiacteiistic of this condition The 
patient involved was diagnosed as having clinical otoscleiosis 
without seeondaij neive degeneiation Foi sake of simplicity, 
the lesponses foi only one eai aie shown in the figuie The 
significant featuie of this audiogiam, foi the moment, is that 
the depiession of the bone cuive it Inch one notes at fie- 
quencies above 500 cvcles, is an aitifact m the sense that the 
noimal state of the patient’s mnei eai is not levealed with 
full accuiacy Failuie to considei this artifact when intei- 
pietmg the audiogiam would lead to the eiioneous conclusion 
that the patient possessed a mild senson-neuial involvement 
Conveisely, avaieness that this geneial pattern of mechanical 
distortion in the bone cuive is typical of stapes fixation m- 
cieases the diagnostic value of the audiometiic lecoid 

As one would expect, the mechanically pioduced modifica¬ 
tion in bone conduction lesponse consequent to stapes fixa¬ 
tion vanes fiom patient to patient At least m most cases, 
howevei, these vanations aie not so gieat that they obscuie 
the geneial pattern of shift chaiacteiizing stapes fixation 
Most typically, the mechanical shift m the bone conduction 
cuive induced by stapes fixation is of the magnitude and of 
the shape lepiesented by the shaded aiea in Fig 1 That is, 
an otoscleiotic patient with normal coehleai function, which 
would be levealed by a bone conduction audiogiam at noimal 
if it weie not foi the mechanical shift m lesponsiveness, will 
most typically yield a notch-like depiession of the bone cuive 
which follows the lowei boundary of the shaded aiea m the 
figuie The audiogiam shown in Fig 1 did not conform 
perfectly to this couise, but the denation did not obscuie the 
basic pattern chai actei istically induced by stapes fixation 
Such a notched depiession m the bone curve is less obnous 
to the eye when secondaiy neive degeneiation is combined 
with stapes fixation, but it is nonetheless piesent A typical 
audiometiic lecoid lllustiatmg this situation is shown m 
Fig 2 The position of the bone conduction curve is shifted 
and given a downwaid tilt towaid the light by the senon- 
neuial loss which is piesent m tins case If tins senson 
neuial condition weie the only impairment piesent, theie 
would be a smooth piogiessive diop m acuity with mciease 
m stimulus fiequency, howevei, the smoothness of tins pio- 
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giession is obscuied by the mechanical distoition m the bone 
cuive which stapes fixation caused Stated conveisely, the 
tiade-maik of stapes fixation is to be found m this lecoid, 
if the clinician wishes to seek it The bieak which occuis m 
the bone conduction cuive at 2000 cps is the piehmmary 
clue to mechanical distoition m the cuive Continuation is 
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Fig 1 Hearing- le\els for the left ear of a 17-year-old girl having 
clinical otosclerosis without secondnm neno Invohement Stippled area 
Indicates usual magnitude of change in bone thresholds Induced mechan¬ 
ically hy stapes fixation 

achieved by subtiacting the idealized mechanical notch fiom 
the bone cuive The lesidue thus obtained leveals giaphically 
the so-called cochleai leseive, that is, the configuiation of 
senson-neuial acuity which the patient has letamed In the 
piesent instance, this lesidue is chaiactenzed by the smooth 
piogiession m loss foi highei fiequencies mentioned pie- 
viously 
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VI 

Many other conductive lesions pioduce shifts m the bone 
conduction audiogram Heie, physical similarity among le¬ 
sions, legaldless of etiological classification, will deteimme a 
particulai audiometnc configuration Foi example, perma¬ 
nent damages lesultmg fiom otitis media can not all show the 
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Fig - 2 Hearing- levels for the right ear of a 40-' ear-old woman having 
complete stapes fixation due to clinical otosclerosis plus secondarv nerve 
degeneration 


same pattern of mechanical artifact in the bone curve simply 
because they do not all pioduce equivalent damage m the 
middle eai mechanism, moieovei, until clinicians learn to 
classify each conductive lesion on the basis of distinctions m 
the mechanical damage which chaiactenze it, they will be 
limited m the piecision with which they can diffeientiate 
among meaningful artifacts m the bone conduction curve 
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giession is obscuied by the mechanical distortion m the bone 
ciuve which stapes fixation caused Stated conveisely, the 
tiade-maik of stapes fixation is to be found m this lecoid, 
if the clinician wishes to seek it The bieak which occuis m 
the bone conduction cuive at 2000 cps is the preliminary 
clue to mechanical distortion m the cuive Confumation is 


AUDIOMETRIC RECORD 



Fig- 1 Hearing le\els for the left ear of a 17-> ear-old girl ha-vlnff 
clinical otosclerosis without secondary ner\e involvement Stippled area 
Indicates usual magnitude of change In bone thresholds Induced median- 
lcallj by stapes fixation 

achieved by subtiacting the idealized mechanical notch fiom 
the bone cuive The lesidue thus obtained leveals giaphieally 
the so-called coehleai reserve, that is, the configuration of 
senson-neuial acuity which the patient has letamed In the 
piesent instance, this lesidue is chaiactenzed by the smooth 
piogiession m loss foi highei fiequencies mentioned pie- 
viously 
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VI 

Many other conductive lesions pioduce shifts m the bone 
conduction audiogram Heie, physical similanty among le¬ 
sions, legaldless of etiological classification, will deteimme a 
particulai audiometnc configuration Foi example, peima- 
nent damages lesultmg fiom otitis media can not all show the 
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Fig 2 Hearing- le\els for the right ear of a 40-\ear-old woman having 
complete stapes fixation due to clinical otosclerosis plus secondarj nerve 
degeneration 


same pattern of mechanical artifact m the bone curve simply 
because they do not all pioduce equivalent damage m the 
middle eai mechanism, moieovei, until clinicians learn to 
classify each conductive lesion on the basis of distinctions m 
the mechanical damage which chaiactenze it, they will be 
limited m the piecision with which they can diffei entiate 
among meaningful artifacts m the bone conduction curve 
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giession is obscuied by the mechanical distortion m the bone 
cuive which stapes fixation caused Stated conveisely, the 
tiade-maik of stapes fixation is to be found m this lecoid, 
if the clinician wishes to seek it The bieak which occuis m 
the bone conduction cuive at 2000 cps is the piehmmary 
clue to mechanical distoition in the cuive Confnmation is 


AUDIOMETRIC RECORD 



Plgr 1 Hearing- levels for the left ear of a 17-jear-old girl ha'lnS 
clinical otosclerosis without secondarj nene Involvement Stippled area 
Indicates usual magnitude of change in bone thresholds Induced mechan- 
lcallj by stapes fixation 

achieved by subti acting the idealized mechanical notch fiom 
the bone curve The lesidue thus obtained xeveals giaplncally 
the so-called cochleai reseive, that is, the configuiation of 
senson-neural acuity which the patient has letamed In the 
piesent instance, tins lesidue is chaiactenzed by the smooth 
piogression m loss foi highei fiequencies mentioned pie- 
viously 
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chanicallv Specifically, the case reported in Fig 3 piobablv 
did not possess eithei cochleai hvpei acuity foi low fiequen- 
cies 01 senson-neuial deficiency foi high fiequencies One 
leason foi ailiving at this conclusion is the fact that the 
patient did not show a high frequency diop by an conduction 
comparable to the diop bv bone This patient’s ail conduc¬ 
tion audiogiam, m othei voids, has a configuration winch 
bespeaks a conducts e lesion vithout appieciable senson- 
neuial involvement Theie is a second leason foi expressing 
belief that the pattern of bone conduction response undei 
consideration is mechanically induced Many cases shoving 
this pattern leveal sudden modification m the pattern of the 
bone cuive as soon as the mechanical status of the middle eai 
is changed One example which comes to mind is a case 
wherein the bone conduction curve i everted essentially to 
noimal vhen the patient’s peifoiated eai dium was closed 
with a papei patch 

It is likely that clinicians have often mistakenly intei pi eted 
mmoi decieases m bone efficiency at lnghei fiequencies as 
evidence of mild senson-neuial involvement Such a senson- 
neuial involvement is piopeilv assignable only if the an con¬ 
duction curve mcoipoiates a bleak m its couise that also 
indicates deciease m acuity foi high fiequencies When 
concomitant depression of the an conduction curve is not 
found, a minoi depiession m the bone conduction curve should 
be piesumed to be evidence of mechanical modification m the 
conductive mechanism A similai mtei pi etation is assignable 
to minoi elevations m the bone curve 

One must leiteiate that it is not cunently possible to state 
the specific nature of the mechanical changes undei lying a 
particulai pattern of shift in bone l esponsiveness Bone con¬ 
duction audiometiy vill have mei eased diagnostic usefulness 
when resealch leveals the relationships which aie involved 
The fust step is to develop sufficient confidence m the exist¬ 
ence of such relations so that they aie sought out systemat¬ 
ically and then meaning is masteied, moieovei, the clinician 
must lemembei that, if the patient has lesion oi pathology 
m the middle eai oi the external eai, the exact picture of 
cochleai sensitivity is seldom levealed by the bone conduction 
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Ceitam patterns aie nonetheless emeigmg It is possible to 
illustrate m geneial terms the value which the clinician can 
gam fiom furthei knowledge of the subtle clues that reside 
in a good bone conduction audiogiam 

As one example, consider Fig 3 Again, the lesults foi 
only one eai aie lepoited The diagnosis in this case was 
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conductive healing loss due to chionic suppuiative otitis 
media The important thing is that the responses by bone 
conduction show a pattern frequently obseived when theie is 
disease in the middle eai This pattern, which was descubed 
yeais ago by Lieile and Regei, 1r is clraiactenzed at low fre¬ 
quencies by bettei than noirnal lesponsiveness to bone stimuli, 
and by leduced lesponsiveness at high frequencies In manv 
instances the entile configuration is piobably induced me- 
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dismissed The alternative, an mciease in stiffness, is credible 
when one lemembers that the encroaching spicules of oto- 
sclerotic bone impose a reduction m the fieedom of stapedial 
mo\ ement In a technical sense, the elasticity of the ossicular 
s\ stem is sharply increased at the oval window by this en¬ 
croachment, moreo\er, this effect will continue to be the 
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Fig 4 Hearing levels for air conduction exhibited bv a 51-year-old man 
having clinical otosclerosis without secondarv nerve degeneration. The 
right ear with Incomplete stapes fixation reveals loss at low frequencies 
suggestive of stiffness” increase The left ear with complete stapes 
fixation shows an additional loss at the high frequencies suggestive of 
mass increase 


main one as long as some stapedial motility remains The 
mechanical state must change radically when fixation becomes 
complete The stapedial footplate must now be so firmlv 
locked within the oval window that the stapes is loaded, at 
least to some degree, bv the mass of the skull This mcieased 
mass should i educe the capacitv of the system to tra nsmi t 
high frequencies One notes, m Fig 4, that the added rm- 
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audiogram True, the geneial level of cochleai sensitivity 
may be estimated fiom this audiogiam, but the details of 
appaient lesponsiveness will often be distorted by mechanical 
influences The clinician must make allowances foi these 
influences when estimating the senson-neuial efficiency of a 
patient with a conductive involvement 

VII 

Much attention has been given m lecent yeais to the con¬ 
cept that anticipable shifts m ail conduction acuity are in¬ 
duced by changes m the mechanical impedance of the auditory 
system The writings of Metz, 1G Johansen, 10 and Campbell 1 
aie sufficiently well known so that they need not be reviewed 
heie 

The important idea is that the clinician can find value in 
these concepts when he is mteipieting conductive losses 
Heie the configuration of thresholds for air-borne stimuli 
may be viewed as a manifestation of specific changes which 
have taken place m the physical constants of the eai Nat¬ 
urally, the clinician is not going to attempt detailed mathe¬ 
matical analyses of individual case lecoids, howevei, he can 
profitably beai m mind the geneial principles which the 
physicist has made available to him, and which appear con¬ 
sistent with clinical expei lence, namely, that mci eased stiff¬ 
ness 01 decreased mass 1 educe sensitivity foi low frequencies, 
whereas the reveise conditions 1 educe response to high fre¬ 
quencies 

Consider, as one example, the case shown m Fig 4 Only 
the two an conduction audiogiams aie heie reported This 
patient was diagnosed as having clinical otosclerosis without 
secondary nerve degeneration The stapes was found to be 
only partially fixed on the light side, but completely fixed 
on the left The hearmg loss m the light eai is substantial 
oi ow frequencies and mild foi high frequencies Accord- 
mg to the pnnciples mentioned above, such a configuration 
could be either the result of mass decrease or of stiffness ra- 
ciease Since a substantial decrease m the effective mass 
of the conductive system is inconsistent with the pathology 
of otoscleiosis, the first of these possibilities may be quickly 
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dismissed The alternative, an mciease m stiffness, is ci edible 
when one lemembeis that the encioachmg spicules of oto- 
sclerotic bone impose a reduction in the freedom of stapedial 
movement In a technical sense, the elasticity of the ossiculai 
system is shaiply mci eased at the oval window b 3 r this en¬ 
croachment, moieovei, this effect will continue to be the 
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Fig 4 Hearing le\els for air conduction exhibited b\ a 61-year-old man 
having clinical otosclerosis without secondare nerve degeneration The 
right ear with incomplete stapes fixation reveals loss at low frequencies 
suggesti\e of stiffness increase The left ear with complete stapes 
fixation shows an additional loss at the high frequencies suggest! - ' e of 
mass increase 


mam one as long as some stapedial motility leraams The 
mechanical state must change radically when fixation becomes 
complete The stapedial footplate must now be so firmly 
locked within the oval window that the stapes is loaded, at 
least to some degree, by the mass of the skull This mci eased 
mass should leduce the capacity of the system to transmit 
high fiequencies One notes, m Fig 4, that the added mi- 
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pairment exhibited by the left eai, wheie the stapes was 
completely fixed, is of this veiy natuie 

The foiegoing discussion is schematic, but it lllustiates the 
mannei m which awaieness of physical concepts can enhance 
the clinician’s evaluation of the heaiing losses he observes 
A fuithei lllustiation, with completely diffeient piactical 
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Fig 5 Hearing lex els for the normal left ear of a 37-J ear-old xxmmnn 
hn\ ing clinical otosclerosis in the ri&ht ear The tilt of the air conduction 
cur\e in relation to the horizontal curve for bone conduction illustrates 
earliest audiometric clue to the onset of stapes fixation 


implications, is to be found m the audiometnc configuiation 
of pie-clinical otoscleiosis This configuiation was suggested 
by Campbell = Graham" found the configuration to be com¬ 
mon among teenageis and young adults whose healing was 
“noimal” and who had close lelatives exhibiting otosclerosis 
The configuiation is lllustiated m Fig 5 It is chaiacterized 
by a tilting of the an conduction curve without concomitant 
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shift m the bone conduction response The tilting is sufficient 
so that an an conduction loss of 10 to 15 db appeals at 125 
cycles Hearing is neai normal at 1000 and 2000 c p s 
Hypei acuity appears at still highei frequencies This tilting, 
when mterpieted from the standpoint of impedance concepts, 
leads one to suspect increased stiffness ■within the conductive 
system As already pointed out, the mechanical effect of 
mcomplete stapes fixation is to increase the stiffness of the 
svstem 

The present instance repiesents a condition where the 
fixation process is so mmoi that heaung loss of clinically 
noticeable magnitude has not \et lesulted Nonetheless, the 
audiogram shows a distuibance m responsiveness to air¬ 
borne stimuli which is attributable to minor changes in the 
conductive mechanism, and which is easily identified bv the 
fact that the bone conduction curve does not reveal any 
evidence of this disturbance * 

The exciting feature of this configuration, fl om the medical 
point of view, is that it reveals the piesence of otosclerosis 
eaily enough so that preventive measuies can be applied 
once thev are discoveied Thus, the time mav come when 
clinical otosclerosis, as we know it today, will seldom be 
allowed to develop, because the disease can be discoveied very 
early and can be conti oiled thiough medical, dietetic, oi other 
non-surgical means 

In summary, as exemplified by the cases just discussed, 
lesions of the conductive system produce changes m heaung 
which are consistent with the pnncrples governing mechanical 
systems The clinician can facilitate his tasks m diagnosis 
by remaining alert to the manifestations of these principles 
which appeal m the air conduction audiogram 11 

vm 

The problem of differentiating among sensori-neural losses 
is complicated One task is to segregate cochlear (end-organ) 
lesions from retro-cochlear (neuial) lesions A further task 

•The mechanical effects are so minor at this stage that the notched de¬ 
pression of the hone curve which one expects with clinical otosclerosis has 
not yet appeared. 
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is to locate the site of damage accurately, to designate de¬ 
finitively the stiuctuies involved, and to descube specifically 
the pathology which is, 01 has been lesponsible foi the hear¬ 
ing difficulty Of couise, much needs to be learned befoie 
full diagnostic piecision will become possible here 

Fortunately, a wide vanety of auditoiy tests dnected to- 
waid this goal have been developed 01 adapted in lecent yeais 
Many of these tests have been of the supia-thieshold vai lety, 
re, loudness balance techniques, methods foi measunng DLs 
foi intensity change, tests of speech disci immation in quiet 
and m noise, and the delayed side-tone pioceduie It is still 
too soon to specify the ultimate usefulness of all these tech¬ 
niques, howevei, then clinical applications aie lapidly be¬ 
coming clanfied m consequence of extensive leseaich fiom 
diffeient parts of the woild The diagnostician’s efficiency 
has alieady been enhanced significantly, and futuie reseaich 
will bung him added insight 

The emphasis on new tests has diverted attention fiom the 
conti lbution which conventional thieshold audiometry can 
make to diffeiential diagnosis among senson-neuial lesions 
Theie is no leason to believe that the limits m mteipietation 
of the audiogiam have been reached, m fact, critical study of 
audiometnc configuiations suggests subdivisions m diagnostic 
categones which the clinician does not cunently considei 
Clinicians, (and theonsts) can piofitably le-examme the sig¬ 
nificance of thieshold audiometiy 

IX 

It would be piemature to attempt a systematic descuption 
of the anay of clues to diffeiential diagnosis which aie avail¬ 
able thiough plotting thresholds foi puie tones One can, 
howevei, illustrate the existence of such clues by discussing 
examples involving senson-neuial losses These examples 
consist of audiometnc peculanties which aie easily lecog- 
mzed, but which still await full mteipietation 

One example is the configuiation of senson-neuial loss 
wheiein acuity foi low fiequencies is neai normal, and wheie- 
m theie is shaip transition to a plateau of high frequency 
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loss at about 60 db This type of impairment is lelatively 
common, and its existence can be demonstiated eithei from 
contemporary clinical records 01 fiom the liteiature Figs 
6 and 7 are samples of this configuration taken fxom Bunch’s 
original lecords, which are pieserved at Northwestern Uni- 
veisity Fig 8 plots a similai impaiiment, as found m a 
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Fig 6 Hearing levels for air conduction exhibited by 44-\ ear-old man 
emploj ed as a riveter 


case tested at Northwestern m 1957 These thiee exemplify 
an audiometiic featuie which is quite common, even though 
it does not repeat itself with perfect consistency from one 
patient to the next The existence of a distinctive type of 
lesion can be postulated fiom the fact that so many high 
fiequency losses plateau at appi oximately the 60 db level of 
loss This lesion must be of such nature that it does not 
interfere with acuity for low tones, nor with response to in¬ 
tense sounds at high fiequencies One can not help but 
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speculate that this lesion may be geogiaphically lestncted, so 
that neuial lepiesentation fiom the outei han-cells within 
the basal legion of the cochleai spnal is lost, while excitation 
fiom the innei hail -cells within the same legion continues to 
have cential lepiesentation, as does excitation fiom the moie 
apically located hail-cells of both vaneties Mmoi diffeiences 
in the extent, the seventy, and the punty of the lesion could 
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Fig: < Hearing- levels for air conduction exhibited b-\ n 25-3 ear-old 
man with senBori-neural in\olvement of unspecified etlolog> 


account foi the clinical vanations obseived m healing losses 
of this geneial type 

The foiegomg speculation does not lequne the piesumption 
tliat the outei han-cells have been destioyed, although such a 
situation is one possibility An equally tenable alternative is 
the possibility that the mneivation fiom these lian-cells to 
the cential neivous system is defective Theie may, moieovei, 
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be othei alternatives, and subsequent study may leveal that 
several t\pes of lesion pioduce the audiometric configuiation 
under discussion 

The idea being stiessed at the moment is that this unique 
audiometnc configuiation must lesult fiom patterns of lesion 
v Inch aie distinctive It is convenient, since the external 
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Pig 8 Hearing levels for air conduction exhibited bv a 59-vear-old 
"■Oman with bilateral sensori-neural Involvement of unknown etiology 


hair-cells aie thought to mediate lesponse to weak stimuli 
and aie moie susceptible to damage fiom intense stimulation, 6 
to evoke the speculations advanced m the piecedmg para¬ 
graph, howevei, these speculations aie not essential m the 
piesent discussion They merelv lllustiate the kind of think¬ 
ing which study of thieshold audiograms excites The funda¬ 
mental piemise, which neither clinician noi theorist dare 
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ignoie, is that every healing loss is the pioduet of a specific 
set of lesions These lesions determine the natuie of the 
audiometnc configuration which the patient exhibits The 
fact that diveise patterns of puie tone loss aie encounteied 
indicates that auditoiy lesions diffei not only m extent but 
also m kind One way m which clinical audiology can partici¬ 
pate m classifying the conditions involved is by lenewmg its 
mteiests m the details of audiometnc configuration One 
practical benefit will be that the diagnostic usefulness of 
conventional audiometry will mciease 

x 

Considei two additional illustrations of the diversity of in¬ 
formation which the puie tone audiogiam can contain Both 
illustrations involve peculiarities of auditoiy function fre¬ 
quently found m conjunction with piesbycusis 

One of these peculiarities is exemplified m Fig 9 Note 
that here the loss exhibited at 125 c p s is gieatei than at 250 
c p s This configuration has been observed as a gioup tiend 
m vanous studies wheie geneial populations of eldeily people 
have been sampled 412 It also appears as a cleaily identifiable 
featuie in the audiograms of many clinical cases, who some¬ 
times yield thresholds 15 db pooiei at 125 cps than at 250 
c p s 

Such findings are baffling if one attempts to account for 
them on the basis of peripheral lesions m the senson-neuial 
mechanism of the ear In other woids, the penpheial de¬ 
generation of hail cells and spual ganglion cells, which has 
been observed to characterize presbycusis, 1S cannot account foi 
the met eased loss at 125 cps This degeneration affects the 
senson-neural structures serving the basal legion of the 
cochlea It consequently distuibs acuity for higher fre¬ 
quencies Any effect it may have at 125 cps should not be 
more severe than the effect at 250 cps, moreover, these two 
latter frequencies are within the range which cochlear agita¬ 
tion is diffuse and wheie, stated m general terms, the same 
stiuctuies will be stimulated by both stimuli Thus, since 
volleys of neural impulses aie the intermediaries to perception 
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of low frequency tones, the distinction within the auditory 
system between a tone of 125 c p s and one of 250 c.p s is a 
diffeience m the late at which the volleys aie tnggeied 

It seems reasonable to conclude that many elderly peisons 
who letam equivalent penpheial sensitivity at these two fre¬ 
quencies lequne a greatei compaiative intensity m oidei foi 


AUDIOMETRIC RECORD 



Fig 9 Hearing le\ els for air conduction exhibited b\ an SO-vear-old 
woman hating presbjcusis This chart exemplifies cases with greater 
loss at 125 c.p s than at 250 c p s 


stimulus to be peiceived when the volley late is 125 pel 
second, than when it is 250 pei second * In such event, the 
extia impairment m acuity found at 125 c p s must depend 
upon a disturbance of function mthin the cential neivous 

•The alternative would be that the ageing of structures within the Inner 
ear changes the mechanical constants of the auditor^ system in such 
manner that its responsiveness to \er\ low frequencies is differentiallv 
Impaired This possibility seems a less llkelj source for the phenomenon 
under discussion. 
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system It would be foolhaidy to speculate legal ding the site 
01 the natuie of such malfunction, howevei, because such a 
distuibance could disiupt vanous facets of auditoiy be- 
havioi 1 l ' and hence complicate a patient’s pioblem, the clin¬ 
ician must be aleit to the potentiality that it may be piesent 
m a paiticulai case Piopei attention to the audiometnc 
configuiation can wain the clinician of this potentiality 

A second pecuhanty in the auditoiy lesponse of some 
eldeily patients is an abnormally gieat loss by bone conduction 
at 500 cps This phenomenon was identified by Beineio, 
who noted it in the lecoids of the Healing Clinics at North¬ 
western Umveisity The audiometnc technique employed in 
these Clinics is one wheiem masking is not used loutmely 
Avhile testing bone conduction Masking is mtioduced only 
when the patient states that Ins auditoiy expellence is not 
localized to the eai undei test This fact is mentioned be¬ 
cause, as descubed below, it appeals to be an important con¬ 
dition in evoking the Bemero phenomenon 

A typical example of the phenomenon is lepioduced m Fig 
10, which gives lesults foi only one eai The agieement be¬ 
tween ail and bone thresholds is good except at 500 cps 
Tiadition would lead one to discount the diffeience at 500 
cps as being due to testing enoi, howevei, this paiticulai 
disci epancy is observed so lepeatedly that it can not be dis¬ 
missed m a cavaliei fashion, and one can not ignoie evidence 
such as the obseivation by Ciocco, 5 leported in 1934, that 
eldeily peisons have dispioportionately leduced acuity by 
bone conduction when tested with the 512 cps tuning folk, 
theiefoie, the clinician is justified m suspecting that he is 
encounteung the Beineio phenomenon when the patient is 
eldeily, when the bone conduction thieshold of 500 cps is 
10 to 15 db pooiei than the ail conduction thieshold, and 
when the remamdei of the audiogiam shows the close cone- 
spondence between measuies to be expected m senson-neural 
loss 

The Beineio phenomenon cannot be explained by con¬ 
ventional pnnciples of audiometnc intei pi etation These 
pnnciples specify that loss is less foi bone than foi ail when 
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the impanment is of the conductne vanetv, whereas the two 
losses are equal when the lesion is a senson-neuial one Only 
in xaie instances of skull anomaly, such as Guild has de¬ 
scribed, 5 could gioss mechanical factois account foi excessive 
loss bv bone, and heie the effect should not be limited to one 
frequency, thus, only two alternatives lemain 
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Fig 10 Hearing le\el8 for the right ear of a 71-\ ear-old man having 
presbjcuBls This chart illustrates cases with noticeabl\ greater loss at 
500 <xp s by bone conduction than bv air conduction 


One possibility is that ageing has modified the mechanical 
constants within the mnei eai m such a maimer that a dif¬ 
ferential l eduction m the responsiveness of the auditory 
system of skull-borne vibration at 500 c p s has been produced 
This possibility seems relatively unlikely, even though some 
wnteis have postulated that ageing sometimes pioduces a 
conductive loss within the mnei eai m consequence of the 
physical changes that occur theie 
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system It would be foolhaidy to speculate legal ding the site 
01 the natuie of such malfunction, howevei, because such a 
distuibance could disiupt vanous facets of auditoiy be- 
havioi 11 ' and hence complicate a patient’s pioblem, the clin¬ 
ician must be aleit to the potentiality that it may be piesent 
m a particulai case Piopei attention to the audiometnc 
configuiation can wain the clinician of this potentiality 

A second peculianty in the auditoiy 1 espouse of some 
eldeilv patients is an abnormally gieat loss by bone conduction 
at 500 cps This phenomenon was identified by Beineio, 
who noted it m the lecoids of the Healing Clinics at North¬ 
western Univeisity The audiometnc technique employed in 
these Clinics is one wheiem masking is not used loutmelv 
while testing bone conduction Masking is mtioduced only 
when the patient states that his auditoiy expellence is not 
localized to the eai undei test This fact is mentioned be¬ 
cause, as descubed below, it appeals to be an impoitant con¬ 
dition m evoking the Bemeio phenomenon 

A typical example of the phenomenon is lepioduced m Fig 
10, which gives lesults foi only one eai The agieement be¬ 
tween an and bone thiesholds is good except at 500 cps 
Tiadition wmuld lead one to discount the diffeience at 500 
cps as being due to testing ei l oi, howmvei, this partlculai 
disci epancy is obseived so lepeatedly that it can not be dis¬ 
missed m a cavaliei fashion, and one can not ignoie evidence 
such as the obseivation by Ciocco, 5 leported in 1934, that 
eldeilv peisons have dispiopoitionately l educed acuity by 
bone conduction w r hen tested with the 512 cps tuning folk, 
theiefoie, the clinician is justified m suspecting that he is 
encounteung the Bemeio phenomenon when the patient is 
eldeily, when the bone conduction tlneshold of 500 cps is 
10 to 15 db pooiei than the ail conduction tlneshold, and 
when the lemamdei of the audiogiam shows the close cone- 
spondence between measuies to be expected m senson-neuial 
loss 

The Bemeio phenomenon cannot be explained by con¬ 
ventional pnnciples of audiometnc mteipietation These 
pi maples specify that loss is less foi bone than foi an when 
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the impaiiment is of the conductse \anetv, whereas the two 
losses aie equal when the lesion is a sensoii-neuial one Only 
m laie instances of skull anomaly, such as Guild has de- 
scnbed, s could gioss mechanical factois account foi excessive 
loss by bone, and heie the effect should not be limited to one 
frequency, thus, onlv two altematnes lemam 
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Fig- 10 Hearing levels for the right ear of a 71-vear-old man having 
presbjcusls This chart Illustrates cases with noticeabl\ greater loss at 
500 c.p s bv bone conduction than bv air conduction 


One possibility is that ageing lias modified the mechanical 
constants within the inner eai m such a manner that a dif¬ 
ferential i eduction m the responsiveness of the auditory 
system of skull-borne vibration at 500 c.p s has been pioduced 
This possibility seems relatively unlikely, even though some 
writers have postulated that ageing sometimes pioduces a 
conductive loss within the innei eai m consequence of the 
phvsical changes that occur theie 
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The alternate possibility is that the Bemeio phenomenon 
appeals whenevei the bone conduction stimulus is moie dif¬ 
ficult to peiceive than is the an conduction stimulus This 
alternative piesumes that penpheial sensitivity is the same 
foi the two modalities, but that a functional peculiarity is 
opeiative which makes conscious recognition of the bone con¬ 
duction stimulus at 500 c p s difficult A potential mechan¬ 
ism comes to mind quickly One need meiely lemembei thiee 
facts 1 m piesbycusis the two ears usually exhibit bilateial 
symmetiy of loss, 2 when such bilateial symmetry exists the 
an conduction stimulus activates only the ear undei test, so 
that monauial excitation occuis at thieshold, S the bone 
conduction stimulus leaches both cochleas Such a stimulus 
should excite both eais if they aie similai in sensitivity and 
neithei is masked Tiue, the levels of stimulation will seldom 
be identical, and the expenence of healing will ordinallly 
localize to one eai or the othei 

Bilateial excitation by bone goes unnoticed m most clinical 
cncumstances, however, it may be a cutical consideiation 
when peiceptual abilities aie leduced, albeit subtly, by age 
Stated diffeiently, the foregoing consideiations lead one to 
intei pi et the Bernero phenomenon as indicating a condition 
wheiem the cortical differentiation of two tiams of neuial 
impulses is moie difficult when the impulse late is 500 pel 
second, than is the differentiation of a single tiam, and one 
must presume, since the phenomenon is restucted to 500 cps, 
that this disadvantage in bilateial heaung is not apparent 
when the stimulus fiequency is either maikedly lowei oi 
markedly highei m fiequency The leasons foi such a cii- 
cumscribed disturbance m peieeption aie obscuie, but its 
existence cannot be ignoied Thus, it would seem that the 
Beinero phenomenon is a clue to a cential peiceptual distuib- 
ance As such, it is a second audiometnc aid to the identifica¬ 
tion of those eldeily persons whose heaung difficulties aie 
not exclusively of penpheial oiigin 


XI 

A point worthy of le-emphasis is the fact that understand¬ 
ing of auditory abnormalities is cunently imperfect Both 
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the clinician and the theonst must lemembei that there aie 
abei rations m hearing function which the usual testing pio- 
cedures do not reveal The diagnostic significance of such 
aberrations will emeige as the abenations become known and 
understood One result w ill be further insight into the mean¬ 
ings which can be assigned to results of conventional audi¬ 
ometry 

Consider the phenomenon of abnormal auditory adaptation 
as it is revealed tlnough the tone decay test 3 The piocedure 
is to piesent a sustained puie tone at tlneshold foi a full 
minute unless the patient signals that the tone has become 
inaudible In the latter event, the intensity is mci eased 5 db , 
and the timing is started anew This loutme is lepeated until 
an intensity is found at which the tone remains audible foi 60 
seconds The exploration is then complete at this frequency, 
and a new exploration may be started at anothei frequency 

Results for the tone decay tests are classifiable into thiee 
general categories Cases with conductive loss, and some with 
senson-neural impairments, do not leveal auditory adaptation 
at thieshold Othei cases of senson-neuial loss exhibit mod¬ 
erate adaptation for high frequency tones, z e , up to 25 db 
dnft m the level at which the tone remains audible Adapta¬ 
tion foi low fiequencies is rare Finally, occasional instances 
occur in which adaptation is so extieme that the tone is lieaid 
for a full minute only at gieat intensities, oi else not at all 
This extieme type of adaptation has been encounteied both m 
cases where there is healing loss in the oidinary sense, and 
in instances wheie standaid audiometry yields normal thresh¬ 
olds Such findings indicate unusual auditory disturbances 
Tentatively, it appealed that adaptation as extreme as this is 
the lesult of a neuial lesion, 1510 while modeiate adaptation 
piobably has its origin m the cochlea 0 It would seem, moie- 
ovei, that not all types of distuibance m either locus pioduce 
abnormal adaptation at threshold, since many senson-neural 
losses do not exhibit anv tone decay at threshold This matter 
will have to be clarified by further reseaich 

The foregoing discussion not only lllustiates the fact that 
abnormalities m auditory function are complicated and, hence, 
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emphasizes the need to classify clinical sub-types moie ade¬ 
quately It also calls attention to phenomena which must be 
kept m mind by the clinician as he intei pi ets conventional 
thieshold tests He should, foi example, become immediately 
suspicious that a pioblem of abnoimal adaptation may exist 
whenevei he encounteis a subject whose threshold level 
seems to vaiy excessively fiom moment to moment Stated 
diffeiently, the fact that a patient’s audiometric lesponses 
aie highly umehable may be a clue to unique featuies m his 
heai mg loss which can be quantified if explored with an 
appiopnate additional test 


XII 

In summaiy, the puie tone audiogiam can be of gieat help 
m the diffeiential diagnosis of hearing losses The configuia- 
tion of the ail* conduction cuive often suggests etiology, and 
m cases of conductive loss, the natuie of the mechanical dis¬ 
turbance In addition, an-borne relationships distinguish 
conductive fiom senson-neuial involvements Mmoi varia¬ 
tions m the bone conduction curve aie charactenstic of dif- 
feient conductive lesions Finally, thieshold audiogiams 
contain much mfoimation which awaits full codification and 
which, when so codified, will conti ibute to a new level of 
precision m differential diagnosis among healing losses 

REFERENCES 

1 Bordlet, J E and Haskivs, H L The Role of the Cerebrum in 
Hearing Ann Otol , Rliinol, Laryngol , 64 370 382 1955 

2 Campbell, P A The Impoitance of the Impedance Formula in the 
Interpretation of Audiograms Trans Amer Acad Ophthalmol Otolanjn 
gol , 54 245 252, 1950 

3 Cahhart, R Clinical Determination of Abnormal Auditory Adapta 
tion Arch Otolaryngol , 65 32 39 1957 

4 C \rhart, R Progress Report on Auditory Impairments of Old 
Age Hearing Clinic Northwestern University 1957 

5 Ciocco A. Disproportionate Shortening of Bone Conduction Acta 
Oto Laryngol , 22 529 539 1935 

6 Dams, H Biophysics and Physiology of the Inner Ear Physiol 
Reviews, 37 1 49, 1957 

7 Graham, A B An Audlological and Otological Investigation of 
Normal Hearing Individuals with a Family History of Otosclerosis ” 
Doctoral Dissertation, Noi thv. estern University 1953 



INTERNATIONAL CONFERENCE ON AEDIOLOGT 


277 


S Gctli> S R- Hearing bv Bone Conduction The Pathways of Trans 
mission of Sound Ann 0?o?- Rhino?- Lartmool - -55 736-i54 1°26 

0 Hooo J D Auditor** Fatigue and Adaptation in the Differential 
Diagnosis of End-Organ Disease Ann Ofo?- Rhino?- Lun/naol- 64 5*L- 
51S 1 Q 55 

10 Johansen H Relation of Audiograms to the Impedance Fo-mula. 
Ac«o Ofo-Lorunoo?- Supp 74 65-74 1 <1 4 < ' 

1L Ko3Sak H Impedance of Sound Conduction System "Otolami 
gologr" (Ed Coates G K. Schench. H P- and Miller M V 1 Prior £ 
Co- YoL 1 Chapt- 3 53-5° Hagerstown Md„ 1 Q 55 

If; Kuriinrit R. A- and Jrsrtss vr A. Adjustment to Hearing Loss 
and to Hearing Aids in Old Age “Aging and Retirement-" (Ed 
Webber I L.) University of Florida Press SMS Gainesville Fla. l q 55 

IS Kos C M Audito-v Ftmction as Related to the Complaint of 
Dizziness Tun Lauengoscofe. 65 711 721 1^55 

14 Lmux. D M and Regee. S Experimentally induced Temporary 
Threshold Shifts in Ears with Impaired Hearing Ann 0?o?_ Phmo?- 
Larvnpo?- 64 263-277 l c 55 

15 Liesle. D M- and Regee. S Correlations Between Air and Bone 
Conduction Measurements with Wide Frequency Ranges in Different 
Types of Hearing Impairments The Laeynco^cofe. 56 1S7 224 1546 

16 Metz. D The Acoustic Impedance Measured on Normal and Patho¬ 
logical Ears j.c!c Ofo-Lorc,rool- Supp 60 1-254 1946 

17 Pestalozza. G- and Snorx. I Clinical Evaluation of Preshvcnsis 
on the Basis of Different Tests of Auaitorv Function The Lasywgoscope. 
65 1106-1163 1955 

IS ScncRwExnr H Preshvcusis The Lunwco=rorE- 65 402-!l Q 1955 

Dr Hirsh We have tune for a question 

Dr Moe Bergman (New York. NY) I would like to 
express rav own gratification as I am sure the whole group 
does Professor Carhart is contmuallv urging us to go back 
and look at our audiograms verv carefullv 

I would like to ask a question on that last slide, and that is 
on that verv provocative case of tone decav I wonder, again, 
whether there is a relationship between the recruitment and 
the loss of loudness m the better ear as against the growth 
of loudness in the worse ear. Is the recruitment due to a 
growth of loudness m the poor ear, therefore, giving us equal 
loudness, or because of the decav m the better ear* 7 

Dr Carhart There might be just the reverse. The better 
ear has such a low level of loudness that the match is made 
close to threshold even though there is no recruitment, m the 
conventional sense, m the better ear. 
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These questions which you laise aie veiy exciting and 
lepiesent pait of the speculation which ought to be done I 
can simply lepoit to you facts In elderly people, at least, I 
am convinced that this phenomenon of pool healing, 125 and 
250, is sufficiently fiequent so that it cannot be accounted 
foi on mechanical giound oi some immediately explainable 
giound which we might think of, since we do not find it 
simultaneously m the same clinical lun, so to speak, on cases 
that do not fall m this categoiy 

Dr Hirsh The fust question had to do with physical fac- 
tois that make the measuiement of 125 unreliable 

Dr. Carhart I thought I answeied that simply by stating 
that this is an observation made undei clinical cncumstances 
wheie othei types of cases did not seem to show unreliable 
responses to 125 

Dr Tauno Palva, (Tuiku, Finland) I should like to com¬ 
ment on ceitam aspects of Dr Caihalt’s papei, although I am 
supposed to discuss some of these phenomena in my own 
presentation to be given latei 

The last slide shown by Di Caihart descnbed a veiy laige 
stimulatoiy adaptation loss dunng only some thirty oi forty 
decibels of stimulation What is even moie lemaikable is that 
theie was similai fatigue m the healthy eai as m the deaf 
eai If the lesult is leal, I think it is an extieme valiant I 
have made a continuous threshold lecoidmg dunng foui 
minutes stimulation in ovei two hundred cases, lepiesentmg 
mostly lecoidmg peiceptive type of lesions, but I have nevei 
seen as seveie pei-stimulatoiy fatigue as descnbed by Dr 
Caihart 

In my experience the threshold sensitivity loss does not 
geneially exceed 30 to 40 db, and it does not occui m moie 
than 15 to 20 pei cent of the patients with peiceptive lesions 

My second point concerns the slight loss of bone conduction 
obseived by Di Caihart at higher frequencies in certain cases 
with chronic ears Supposing that some of these ears had 
peifoiations in the tympanic membiane with diy cavity, I 
should like to know whether bone conduction measurements 
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were also made when the tympanic perforation was closed, 
for instance, with a cigarette paper patch The possible dif- 
feience in the open and closed peifoiation could tell us 
whether the slight bone conduction loss was due onlv to the 
altered conductive abilit\ of the tympanic membrane 01 
whethei there weie also changes m the window nucleus that 
could be responsible foi a covered bone conduction 

Dr. Carhart I would not wish to attempt to state what 
particular kind of mechanical factor might be responsible foi 
the type of thing I was talking about in the bone conduction 
test 

I will comment bueflv on the first pomt you made, Di 
Paha This particulai kind of a test is a sort of first m- 
\ entory, of course, and tins particular case, while it is ex¬ 
tremely unusual, and I suppose, for that reason makes a 
beautiful demonstration, is nonetheless one whose \ahditv, 
whose clinical reality I cannot doubt, because the peison who 
did this happened to be a Danish phj sician who was working 
with us at the time, and who did not belie\e the lesults of 
the test the first time and, therefoie, letumed and repeated 
the test and got the same results the second time 

Dr. Hirsh Our discussion of audiometry has begun with 
the role of the audiogram, which is, as Dr Carhart told you, 
useful, and m addition, the puie tone adaptation test which 
Dr Carhart has implied will be useful in the futuie 

Let us return now to a consideration of a yery important 
set of problems surrounding the syndrome known as Meniere’s 
disease 


MENIERE’S DISEASE 
Theodore E Walsh, 
St Louis, Mo 


I would like to brmg up one point first about audiology m 
the diagnosis of Meniere’s disease I find the audiologist is 
quite a help, but I would emphasize that the diagnosis is made 
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by clinical obsei vation I am not being facetious, I just want 
to emphasize the point that it is a caieful history of the case 
and a caieful obsei vation of the patient by which the diagnosis 
of Menieie’s disease is made The audiologic findings simply 
confnm the diagnosis 

Let us fust take up the symptoms of Menieie’s disease 
Patients with this disease usually seek help because they aie 
dizzy It is usually not difficult to determine whethei this 
dizziness is tiuly vestibulai in ongm 01 whether the so- 
called dizziness is not 1 elated m any way to the labyimth 
Although the mam complaint is dnected at the vestibulai 
symptoms, it is leally cochlea! dysfunction which is lespon- 
sible foi the condition I emphasize the point that I believe 
Meniere's disease is pumaiily a cochleai disease 

In taking a caieful histoiy of patients one can usually de¬ 
termine that they noticed some loss of hearing befoie they 
evei had then dizzy spells Patients seeking help for 
Menieie’s disease not only complain of dizziness but they also 
notice deafness, and they complain bitteily of tinnitus 

Now to discuss these symptoms individually, first, tinnitus 
The most common descuption given of this tinnitus is that it 
sounds exactly like the noise heaid when listening into a sea- 
shell, or the sound of the roai of the surf breaking on the 
seashore Those individuals who have never been fortunate 
enough to listen into a seashell 01 heai the surf, will tell you 
that the sound they hear in their ear lesembles the roai of a 
high wind m a forest or sometimes the sort of sound one 
heais when listening close to a telephone pole in a high wind 
The patients also complain of a full feeling m the head which 
cannot be described m any other way except that it is a full 
feeling The heaung fluctuates At times these patients 
say they hear “perfectly” and at othei times “nothing at all,” 
but, on careful questioning about the hearing, most of them 
say they can heai but they do not understand This ability 
to heai and not undei stand is easily demonstiated when talk¬ 
ing to these people One seldom has to raise one’s voice m 
talking to a patient with Meniere’s disease even if he is m a 
penod of “heaung nothing at all,” but one must talk very 
slowly and veiy distinctly 
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Anothei complaint, which is moie noticeable m musical 
people, is that of a diffeient sensation of sound m the two 
eais, diplacusis This is very common If the patient is not 
musical he will tell you that sounds aie diffeient m the two 
eais, and he descnbes the sound in the w r oise eai as fuzzy 
In the office we test foi this diplacusis by the use of tuning 
folks, and I w r ould emphasize that it is impoxtant to test with 
all folks tlnoughout the whole lange, because diplacusis may 
not be piesent at eveiy tone Fiequently they notice no dif- 
feience, foi example, with a 500 cycle folk wheieas when 
one uses the 4000 c>cle folk it sounds diffeient m the two eais 
and vice veisa 

The vestibulai tests aie on the whole not much help m 
making a diagnosis of Menieie’s disease We may find a 
normal lesponse in the two labynnths, w r e may find a canal 
paiesis m the affected eai, oi we may find a dnectional pie- 
pondeiance, first to the affected side and latei to the noimal 
side It depends a good deal on how long the condition has 
been piesent as to what vestibulai findings will be Now I 
wmuld like to show some slides that illustiate these vanous 
points, the important points m the audiology of Menieie’s 
disease 

Fig 1—In this you see the pui e tone audiograms of the two 
eais, one eai being peifectly normal and the othei one not 
Tins is not a very common puie tone curve m eaily Menieie’s 
disease As a mle the puie tone audiogiam shows a gieatei 
loss m the low tones and almost no loss m the high tones in 
the eaily cases, and latei the curve flattens and theie is an 
equal loss thioughout the scale, still latei moie and moie of 
the high tones aie lost as well as the low, so that one has a 
dowm-sloping curve 

Diplacusis is well shown m this individual, and you notice 
that the 500 cycle tone is matched fairly closely, but at 4000 
cycles he matches it wnth 2890 I always feel sorry foi 
people with that sort of diplacusis It must be mciedibly 
difficult to live with, if one is musical 

One of the points I mentioned, in oui office examination, 
that these individuals had not much loss foi speech at thiesh- 
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old but consideiable difficulty with disci immation, and this 
is shown heie I would like to emphasize this point, because 
m going thiough a considerable number of these cases I found 
in no instance was the disci immation scoie bettei than 50 
pei cent, wheieas the thieshold was seldom moie than a 40 
decibel loss 

Figure 2 lllustiates much the same thing In this individual 
the fluctuation m heaung is well shown I would like to 
emphasize this fluctuation in hearing because it makes it very 
difficult foi us, as clinicians, to determine whethei any 
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therapy we use is leally doing any good unless we can follow 
the patient ovei a considerable period of time Tins particu¬ 
lar individual was undei treatment dui mg the time between 
Decembei, 1950, and February, 1951, and it vail be seen that 
his heaimg was different on thiee different occasions Heie, 
in January, 1951, he has a noimal hearing foi speech, wheie- 
as m Febiuary, m spite of theiapy, he diops to a 40 pei cent 
discrimination scoie and a 29 decibel threshold loss 



Figure 2 also shows the same patient’s leciuitment and the 
diplacusis In this instance, he had a considerable difference 
m the healing foi low tones rathei than m the high 

Now the fluctuation m healing, I think, is important It is 
very important to start theiapy m these individuals when the 
heaung is fluctuating, because it seems to me that that is 
when theie is a chance of saving some healing and leally 
rehabilitating these individuals It is true that the treatment 
of Menieie’s disease is dnected fust towaid the lelief of the 
unpleasant and dangeious veitigo Unfortunately, that is 
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■v\ here it usually stops As a matter of fact, I don’t believe 
that the relief of vertigo is neaily so difficult as the piesei- 
\ation of heaimg That this preservation is possible by 
treatment I would like to show m Figure 3 

Tins is a man who has a bilateral Meniere’s disease You 
can see that his healing m both eais is fluctuating consider¬ 
ably but on tieatment he has remained at this good level for 
quite some time 

Figuie 4 lllustiates the same sort of fluctuation This is 
an old man with piesbjcusis in one eai and Menieie’s disease 
m the other When we started theiapy the healing m the ear 
with Menieie’s disease had only 28 pei cent disciimmation, 
but on treatment it w ent up to 76 per cent, and Ins threshold 
also impioved When the medication w as changed his heal¬ 
ing diopped, but we have been able now to preserve him at a 
le-'.el of some 70 pei cent disci immation foi several yeais 

To summanze the audiologic findings, the important ones 
aie 1 Fluctuation m the healing which giadually becomes 
woise until almost complete deafness results 2 The loss at 
thieshold for speech is not great m comparison with the dis¬ 
ci immation loss 3 Eaily pure tone audiogiams show an 
up-sloping curie and latei the curve flattens and finally the 
high tones are lost 4 Diplaeusis is almost always present 
5 The tinnitus is descubed as a roaring sound and theie is a 
full feeling m the ear 6 Finally, the most important point 
m the diffeiential diagnosis of Meniere’s disease is the m- 
\anable presence of reciuitment that e\ en becomes in some 
instances hyper-recruitment 

Dr Hirsh Aie there anv comments 7 

U nidentL t’iiio Doctor I would like to co mm ent on dip- 
lacusis which is observed in many cases In effect, the 
diplaeusis mav sometimes make very difficult the evalua¬ 
tion of the other eai, which is very useful foi diagnostic 
pmposes, and I should like also to stress that m my opinion 
it is not always easv to make a pure audiological diagnosis 
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of Menieie’s disease We have seveial diseases chaiactei- 
lzed by vertigo which aie not Menieie’s disease, but aie 
due to some disease of the neives, foi instance, the fact 
of a patient having vertigo and piactically normal hearing 
This could be an unusual case of Menieie’s disease without 
impairment of the auditory function, but we could not do 
without the vestibulai examination in all cases of Menieie’s 
disease because it not only informs us about the condition of 
the vestibulai appaiatus, but also adds very much to our 
diagnosis In effect, if you find a man who has vertigo and 
normal healing and you send him to the audiologist who says 
that he finds a total loss—we aie cleaily dealing, not with a 
Meniere’s disease but with a neuntis of the acoustic nerve, 
because m Menieie’s disease it is impossible to have a total 
loss of function of the vestibular appaiatus On the other 
hand, we have total loss of heaung 01 a seveie loss of healing 
with a fairly normal vestibulai neive Now, this is generally 
due to the fact that we aie dealing with a cochleai neuritis 
In fact, we might lely on some combinations of cochlear and 
vestibulai diagnostic testing If we have a total loss of hear¬ 
ing and a total loss of vestibulai function on one side, we may, 
likewise, make a diagnosis of neuntis of the VTIIth nerve, 
and in the history of the patient we nevei discovei any sign 
of even the slightest vertigo We aie confionted m this case 
with a tumor of the acoustic nerve It is my opinion that no 
diagnosis of Memeie’s disease should be made unless the 
vestibulai examination and the cochleai examination agree 
as to then lesults The lesults must go hand m hand, othei- 
wise we aie not certain that we are dealing with a Meniere’s 
disease and not with an infection of the head nerves 

Dr. Victor Goodhill I fully agiee with Di Walsh that 
tinnitus may be the consideiation that he descubed m 
Menieie’s disease, howevei, I have seen this type of tinnitus 
m otoscleiosis not too laiely, and m othei lesions, which 
prompts me to urge my audiological colleagues heie today 
to give moie attention to tinnitus analysis m the oveiall 
appioach to diseases of the eai I think we have neglected 
the symptom of tinnitus, and that can help us a gieat deal 
if we set out to get some technique foi clinical attention, 
qualitatively and quantitatively 
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COCHLEAR VS RETROCOCHLEAR LESIONS 

Tauno Palva, 

Umveisity of Tuiku, 

Tuiku, Finland 

It is a geneial mle that the majoi division between healing 
disoideis of conductive and peiceptive type is made on the 
basis of a puie tone audiogiam If bone conduction is noimal 
01 clearly bettei than ail conduction, the case is labeled as 
conductive, if it equals 01 is pooiei than air conduction, 
the deafness is classified as perceptive The fust conclusion 
always holds tiue In the lattei case, classification is not 
so simple, theiefoie I feel that, befoie discussing the dif¬ 
ferences in the subgioups of perceptive deafness, it is neces¬ 
sary to say a few woids about cases wheie an conduction 
approaches 01 equals bone conduction, though theie is a puiely 
conductive deafness 

Togethei with Ojala, 1 I have pointed out that m neaily 
one-thnd of the cases with simple acute otitis media, bone 
conduction is abnoimally poor as long as the middle eai has 
not healed In these cases, howevei, the diagnosis can be 
ascertained simply by looking at the tympanic membiane, 
but diagnosis is no longei so easy m cases of seious 01 ad¬ 
hesive otitis geneially associated with only minoi alteiations 
m the tympanic membianes These cases piesent a typical 
curve of perceptive component with lowered bone conduction, 
most seveiely at the highei end of the scale The reason foi 
this is either seious secietion which fills the wmdow niches 
and the middle eai, 01 adhesions and thickened mucous mem- 
bianes which fix both windows In the absence of inflam¬ 
mation both an and bone conduction instantly return to nearly 
noimal values when the seious fluid is aspnated 

Otoscopic examination with Siegle’s speculum and aspua- 
tion of the middle eai aie the most important assets m 
separating these cases fiom tiue perceptive deafness In 
laie cases even exploration of the middle eai may be neces- 
saiy to obtain a conect diagnosis and to letum good healing 
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If it is established that the middle eai is normal, equal 
an and bone conduction indicate peiceptive deafness In the 
laige majonty of cases the lesion is localized to the end- 
oigan 01 to the Vlllth neive, only a few cases piesent a 
moie cential pathology 

Reci lutment Testing 

In dividing peiceptive deafness into these two mam sub- 
gioups, it has been customary to use the lecruitment of loud- 



Flg 1 A case with serous otitis media. Bone conduction is consider¬ 
ably lowered at higher frequencies but returns promptly to normal after 
aspiration of the middle ear 


ness as a critenon Fowlei’s- oiigmal concept was that this 
phenomenon occuis m peiceptive deafness in general, and 
is not typical of any moie definitely localized lesion Tests of 
loudness leciuitment have enjoyed increasing popularity only 
since 1948 when Dix, Hallpike and Hood 3 stated that recruit¬ 
ment is pathognomonic of end-oigan disease, more specifically 
of lesions m the hair cells 

The fust histological com elation of loudness recruitment 
to the changes in the end-oigan was obtained from cases of 
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Menieie’s disease wheie the special featuie, agieed upon by 
all investigators, was distension of the cochleai duct Special 
damage to the han cells was obseived by Hallpike and 
Canns 4 and by Dix and Hallpike 5 in a total of thiee eais 
Otliei woikeis,°' s howevei, weie not able to find such han 
cell changes as could be definitely sepaiated fiom postmortem 
degeneiation On the othei hand, it was common observation 
that ganglion cells and neive fibeis lemamed intact at least 
m the eailiei part of this disease, and thus the piesence of 
leciuitment must necessanly be 1 elated to the stiuctuies 
penpheial to the spnal ganglion 

An othei histological con elation comes fiom the animal 
studies of artificial acoustic tiauma “- 11 It is agieed that the 
lesions aie pumaiily seen in the mesothelial cells of the 
tympanic lamella and in the external hail cells Following 
veiy intense stimulation the whole oigan of Coiti may be 
destioyed The lesion is also evidenced by a maiked 1 educ¬ 
tion of the cochleai potentials, although such a 1 eduction 
may occur m eais without demonstiable histological tiauma 

In human matenal, exposed to acoustic tiauma, the re¬ 
sulting lesions legulaily exhibit leciuitment phenomenon 
This is the case m expenmentallv induced healing losses by 
stimulation with intense sounds 13 and in the eais subjected 
to occupational acoustic tiauma 14 

The thud histological con elation is denved fiom Saxen’s 
studies of piesbycusis 15 Among his 44 cases theie weie 13 
m which the lesion was lestncted to the spnal ganglion and 
neive fibeis and the end-oigan itself was intact Anothei 
mam group compnsed 19 peisons m which theie weie seveie 
angioscleiotic changes m the stna vasculans and high grade 
degeneiation of the oigan of Corti, especially m the external 
hail cells, but sometimes the sensory sti uctui e as a whole 
was degenei ated m certain aieas As a mle some i eduction 
m the spnal ganglion cells and m the numbei of neive fibeis 
also occuned m these cases In this angioscleiotic gioup 
Saxen obtained anomalous lesults with high intensity Weber 
tuning folk tests lateialization to the eai showing gieatei 
changes m the oigan of Corti At the time of Saxen’s clinical 
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investigation little was known about the reciuitment phe¬ 
nomenon, but we now know that this tvpe of 1 esult of a Webei 
test is one w av to demonstrate recruitment phenomenon 16 

The presence of leciuitment in part of the presbycusis cases 
is easily demonstrated with the monaural loudness balance 
test Pestalozza and Shoie 1 ' leported complete reciuitment 
in four cases out of 20 studied It is also the experience at oui 
laboratory that many presbycusis ears show T recruitment 

We must now' considei closeh the gioup of neuial deafness 
showing piomment lesions m the nerve fibeis and also m 
the spiral ganglion, viz acoustic neunnomas Dix, Hallpike 
and Hood, 3 who first descnbed this group as typical non- 
lecruitmg deafness, latei 15 found lecruitment of loudness m 
12 pei cent of the tumors E\en earliei, defending his theoiy 
that the leciuitment phenomenon is topical of peiceptive 
lesions m general, Fowlei 18 descnbed one case with complete 
leciuitment I have lecentlv seen a case of ceiebellopontme 
angle lesion with leciuitment The explanation foi recruit¬ 
ment m these typical neuial lesions has been assumed to he 
in the distuibed cochlear blood supply, which adds end-oigan 
damage to the pictuie Dix and Hood 18 even descnbed two 
cases m which theie was leciuitment pnoi to operation w r hen 
the cochleai blood supply had presumably letumed to normal 

In the piesbvcusis gioup of Saxen, 13 showing only spiral 
ganglion cell and nerve fibei atrophy, the clinical evaluation 
showed no evidence of the piesence of leciuitment 

Evidently one can safelv sav that, if theie is leciuitment, 
there is also an end-oigan lesion, and that in a puie ganglion 
cell nerve fibei atiophv theie is no lecruitment, but theie 
lemam a numbei of cases m which both lesions aie combined 
and reciuitment mav or may not be piesent It is piobable 
that if the end-oigan lesion dominates, but is not too seveie, 
there is leciuitment, and if the neuial lesion dominates, theie 
is none When these conclusions aie applied to the audiolog- 
lcal findings, we must sav that positive lecruitment is evi¬ 
dence of an end-oigan lesion, but does not necessanlv exclude 
an associated neural involvement Conti anwise, the absence 
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of leciuitment means that theie is a dominating neuial lesion 
but it does not exclude a simultaneous end-oigan damage 

At piesent we do not exactly know why leciuitment occuis 
m end-oi gan lesions, although many hypotheses have been 
advanced to explain the phenomenon It is commonly be¬ 
lieved that as the excitation becomes stiongei, moie and 
moie hail cells aie activated, especially internal hail cells, 
which aie moie lesistant to damage than the external ones 
The lesultmg initial dischaige would then be capable of 
stimulating a noimal amount of neive fibeis, so that a normal 
loudness sensation lesults, howevei, the mattei is not so 
cleai as that If one believes that the cochleai potentials 
aie a fan mdicatoi of the condition of the hail cells and 
lesponsible for initiating the neive impulses m the cochleai 
neive endings, one is at a loss to undeistand the ongm of 
the leciuitment phenomenon 

In Fig 2, which is lepioduced from Wevei and Lauience’s 
lecent book 20 “Physiological Acoustics,” we notice fust a 
normal cochleai potential curve obtained by mci easing the 
stimulus and lecoidmg the mciease m the potentials The 
lowei cuive descubes a similai lesponse fiom an eai sub¬ 
jected to acoustic tiauma, and it shows a constant deviation 
from the upper curve If, in this typically leciuitmg lesion, 
leciuitment were to depend upon the activity of the hail 
cells m the foim of cochleai potentials, the cuives should 
unite at higher intensities instead of showing the piesent 
nomeciuitmg slope The lesults of Davis and his associates 11 
suggest, on the othei hand, that the maximum lesponse is 
lowei ed less than the thieshold, and it might be said to 
lepiesent partial reciuitment 

At the present state of oui knowledge I suggest that the 
neive endings around the hail cell bases may possibly be 
rmpoitant also m the ongm of leciuitment, although the 
idea that the mechanical movements of the basilai membiane 
might directly stimulate the nerve endings, is not consistent 
with the present belief, howevei, many of Saxen’s piesbycusis 
case lecords indicate good healing even m cases where the 
hail cells had suffeied intensive damage but the nerve end¬ 
ings weie intact Furthei data on this question aie lequned 
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Indued Recnatment Tests 

A numbei of othei tests have been devised to take the place 
of loudness balance tests, 01 some have been claimed to be 
independently of gieat clinical significance In this con¬ 
nection I can discuss only buefly some of these tests Foi a 
moie complete evaluation the leader is lefened to an eailier 
paper 21 



Fie 2 Intensity functions for the cochlear responses of the cat on 
stimulation with a 1000 c.p s tone before and after Injury b> over¬ 
stimulation with this tone Reproduced from "Physiological Acoustics 
p 295 bv Wever and Laurence 0 


Togethei with Hush and Goodman, 22 I have shown that the 
tests foi intensity diffeience limen do not differentiate coch¬ 
lear fiom letiocochleai lesions the figuies foi IDL aie of 
the same magnitude foi both gioups Oui testing was done 
by the method of companng the intensity of two separate 
tones, but theie is also enough evidence to testify that the 
use of modulated tones 23 24 does not take us furthei m the 
differential diagnosis 

The same can be applied to tests foi fiequency diffeience 
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limen Some authois 20 20 claim that especially an mcieased 
FDL signifies ieciulting deafness and cochlear lesions, others 
say that this veiy finding is frequent m retiocochleai pathol¬ 
ogy It is difficult to see how the size of the FDL could be 
diffeient in these two mam categones when one lemembers 
that diplacusis, a change m pitch peiception, occuis in 
cochlear as well as m letiocochleai lesions 

Tests foi eithei pei- 01 post-stimulatory fatigue 28 ' 31 have 
been lecommended foi differential diagnosis, however, con- 
tiol expenments have shown that abnormal lesults appear 
m the two mam groups of perceptive deafness, and a large 
proportion of the cases show results compaiable to noimal 32 3C 
We may take as an example continuous threshold lecoidmg 
at a fixed frequency which exemplifies a special kind of per- 
stimulatory fatigue Hood 28 has claimed that abnormal fati¬ 
gability in this test is typical of an end-oigan lesion, and 
Regei and Kos, 30 and Kos 3 " have leported cases of acoustic 
tumors with highly fatigable eais at threshold stimulation 
In my experience 30 a good many cases m both groups show 
only minor fatigability duung a foui minute test, but theie are 
cases m both the cochleai and retiocochleai group that show 
also abnormally high fatigue 

The width of the excuisions m a self-recording audiometei 
has also been used as a localizing test m audiometiy 38 It 
seems true that veiy small excursions, indicating rapid growth 
in audibility, are a common phenomenon m cases with asymp¬ 
totic recruitment at highei frequencies At the lowei tones, 
below 1000 c p s, and in the groups of straight oi delayed 
recruitment, the size of the excuisions is generally laigei 
and allows no conclusions as to the lecmitment phenomenon ” 

Masked audiograms, eithei with white noise 39 or with saw 
tooth noise, 40 have also been advocated m the differential 
diagnosis In control measurements with critically controlled 
stimuli it has been shown that noise audiometry is not helpful 
foi this purpose 4142 

Speech Tests 

During the last decade it has been established beyond doubt 



INTERNATIONAL CONFERENCE ON AUDIOLOGY 


295 


that the recruitment phenomenon is accompanied with pool 
disci lmmation foi speech This has been leported among 
others by Dix, Hallpike and Hood, 43 by Eby and Williams, 44 
by Huizing and Reyntjes, 4 and m oui own senes 2:4r Speech 
function depends mainly upon two facts, viz the character¬ 
istics of the language and the threshold loss for speech Using 
the Finnish language, which is lich m vowels, the ability 
to discriminate is not gieatly 1 educed until the threshold 



Fig: 3 Continuous 4 min threshold recordings In v arious forms of 
perceptive deafness Temporarj threshold shift mav appear In recruiting 
as well as In nonrecruiting deafnes* The width of the tracings mav 
remain large also in recruiting deafness especlallv at loner frequencies. 


loss exceeds 40 db 46 but usmg the Amencan PB test tins 
alieady occurs m cases of 20 db loss 22 

It was believed at fust that m ietrocochlear deafness, even 
when it is seveie, speech disci lmmation is bettei than in 
end-oigan lesions This was the experience of Dix, Hallpike 
and Hood 43 and of Eby and Williams 44 m acoustic neuri¬ 
nomas, and at least m the lattei senes, there weie enough 
data of masking to convince the leadei that shadow healing 
was not piesent The ability to discriminate speech was 
reasonably good and increased with increasing amplification, 
howevei, mcieasing clinical experience biought out deviating 
lesults 
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Fig 4 The relation between discrimination ability and hearing loss 
for speech In 69 cases with complete recruitment tested with the Ftnrilsn 
speech test material 41 Discrimination suffers notably when the threshold 
loss exceeds 40 db 



HEARING LOSS FOR SPEECH db 


Fig 6 The relation between discrimination ability and hearing loss 
for speech In 27 cases with complete recruitment tested with the American 
PB material Discrimination suffers greatly already after 20 db threshold 
loss Data from Hirsh Fal\a and Goodman — 


Poor speech disci lmmation in acoustic neunnomas has 
been leported m seven cases by Liden,*" m two by Schu- 
knecht and Woellnei, 48 and m one by Harbert and Sataloff <0 
The two cases of oui own, 22 to which Walsh and Goodman 50 
latei added one, also showed very poor articulation function 
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In quite small thieshold losses, discrimination for speech can 
be disproportionately pool or even nil 

The testing expenence at our laboiatory still suggests that 
m nonrecruitmg neural pathology, excluding acoustic tumors, 
speech function is lowered but leasonablv good It may be 
that the presence of an acoustic tumor in a nerve reduces 
the nerve fibers to such an extent that delivery of all com¬ 
plex signals becomes impossible 

In conclusion, we do not at present have such audiological 
tests as would tell us that m one case there is a pure cochlear 
lesion and m another a pure xetiocochlear lesion with 100 
pei cent certainty We should, therefore, avoid depending 
too much on audiological tests alone Audiometric tests are 
an extremely important asset in case evaluation, but it must 
be remembered that final diagnosis can be made and the 
lesion located only on the basis of complete anamnestic and 
clinical data, supported by the results of auditory tests 
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Dr. Hirsh Are theie any comments on Di Palva’s paper’ 

Dr. Josef Zwislocki, (Cambndge, Massachusetts) I have 
comments on the two papers of Dr Palva and Di Caihart 

I am not quite suie when it is safe to say that the difference 
between bone conduction and an conduction diffeientiates 
conductive fiom peiceptive deafness Theie is one thing 
which is established beyond a reasonable doubt today, i e, 
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that the conduction of sound in the mnei eai is essentially 
the same foi an* and bone conduction 

Dr William G Hardy, (Baltimoie, Maryland) Thei e are 
gap aieas m the diagnosis of healing losses that need much 
woik Foi example, we cannot offei much of value to the 
patient when we find nerve degeneiation 01 an advanced 
case of otoscleiosis Theie is a toxic condition that leads to 
neive degeneiation, but we do not know just what it is 

In anothei aiea is the case of deafness caused by a single 
blow to the head We heai much about acoustic trauma, and 
shock pulses causmg total deafness, but clinically, we are 
fiequently piesented with the case of a man who leceives a 
blow to the head which is not seveie enough to knock him 
down, yet he loses his healing Or again, he may be knocked 
down, but not haid enough to cause a fracture of the skull 
01 pioduce unconsciousness, but still he has a total loss of 
heaung I think something like this may be the lesult of a 
hemonhage mto the labyrinth 

In still another aiea, the mnei eai, we see the effects of 
vnus disease Measles and mumps may distuib the hearing, 
even without an open infection A vnus may attack and the 
lesion may be entnely m the endolymphatic system and begin, 
foi example, m the stua vasculans and the tectonal mem- 
biane may 10II up We get a gieatei destruction of the stna 
on the basal turn, in these cases, and the stna may even dis¬ 
appear at that point 

We have many cases of deafness winch we cannot explain, 
some of which are connected with oculai disturbances This 
may be a toxic involvement thiough the lound window 

Then there are the intriguing diseases, such as Memeie’s 

sease, wheie theie is a shift m threshold and the hearing 
is depressed more m the low tones Why is theie only a low 
tone deafness’ In theory this is only possible on the basis 
of an inner eai conductive loss, but the presence of recruit¬ 
ment makes this not very piobable, howevei, the shift fiom a 
high to a normal healing threshold may take place m only 
a few houis This again favois the theory of the condition 
of the hail cells themselves as being important 
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I have patients who have presbycusis befoie they developed 
Memeie’s disease Deafness seems to have been caused by a 
marked distuibance of the wall of the vestibule 


CLINICAL ASPECTS OF CORTICAL DEAFNESS 

Ettore Bocca, 

Univeisity of Milan, 

Milan, Italy 

The clinical examination of the penpheial oigan of hearing 
has undeigone a ladical evolution m the lecent decades, 
thanks to electiophysiological investigation of the cochlea, 
and to the introduction of the audiometei, howevei, it has 
not had its counterpart m a better knowledge of the auditory 
experience as a whole 

More and moie attention has been devoted to audiometry, 
with tire lesult that we know a lot moie about healing but 
as little as ever about listening Since the assertion of Collet 
in 1920, that we know nothing about the cortical tioubles 
of lreaimg, things do not seem to have impioved much until 
1953, when Aboulkei stated that the semeiology of the cortical 
disoideis of healing is still m its infancy Two years latei 
Alajouamne, m his beautiful book on the functions of the 
tempoial lobe, concluded that it is so fai impossible to make an 
audiometi ical diagnosis of a lesion of the auditory cortex 

As far as we aie dealing with the oigan of healing, physio¬ 
logical, physiopathological and clinical investigation may avail 
themselves of the same stimuli puie tones, oi simple sounds 
Befoie these stimuli, the oigan of healing behaves m a well- 
defined fashion, accoidmg to well-known physical and mathe¬ 
matical laws 

The appieciation of loudness casts a shadow upon the value 
of some physical determinations, but that pioblem, too, has 
had a satisfactory explanation on a psychophysiological basis 
As fai as tones and simple sounds aie concerned, the lesponse 
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m the experimental animal may be compaied with the le- 
sponses which aie obtainable m the clinical expenment m 
man, howevei, things get moie and moie complicated as we 
considei the analysis and the identification of a meaningful 
message The eleetncal lesponse of single cortical aieas to 
puie tones, 01 clicks, piovides an excellent basis foi the 
knowledge of the limits, and the excitatory piocesses, of the 
auditoiy cortex, but it does not help in explaining how the 
coitex may elaboiate the psychological aspects of a verbal 
message 

The conditioned thresholds to sounds m the decorticated 
animal only piove that most acoustically conditioned leflexes 
take place at some level below the cortex The demonstra¬ 
tion affoided by that animal, previously conditioned to dif¬ 
ferent sequences of stimuli, which fails to give differentiated 
responses after its coitex has been lemoved, is the only ex¬ 
pel imental hint to the importance of the cortex m cortical 
discrimination of auditory patterns Recently, furthei obser¬ 
vations upon this point have been reported The function of 
the auditoiy cortex must not be legalded as analytical, on 
the contiary, it is mainly synthetical The different attri¬ 
butions of sounds must be faithfully transmitted fiom the eai 
to the centeis m older that they may be conectly lecognized, 
but, when the sound is a meaningful veibal message, it is also 
necessary that they leach the centeis with a certain oidei 
m space and time “Reveised” woids are not compre¬ 
hensible, m spite of the fact that they contain exactly the same 
frequencies and intensities, a poorly known foreign language 
is not understood if it is spoken rapidly These few facts 
may seive as an example that theie is a wide difference be¬ 
tween the lecogntion of the physical qualities of a sound and 
the piocess of identification of a veibal pattern The formei 
depends upon the working of the auditory apparatus as a 
whole, the lattei is a specific function of the auditoiy cortex 
This is a veiy obvious and widely accepted fact, which should 
have long since onentated all clinical investigations of heal¬ 
ing at a cortical level 

Otologists of many countries have been busy m recent yeais 
trying to leveal cortical disturbances of hearing by means 
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of pure tones, which aie to be considered as the specific stimu¬ 
lation of the cochlea, cochlear neive, and the first stations of 
the auditory pathway The scantv data available in the hteia- 
ture aie equal only to the scaice importance of the obser¬ 
vations 

If we devote some attention to the woiks of all the great 
neurologists and psychologists of the last 70 yeais this seems 
to be lathei surpusmg In the chapters dedicated to the 
pioblem of aphasia, the way to furthei leseaich m the field 
of cortical deafness is clearly indicated Until the physiolog¬ 
ical expeiiments aie able to bridge the gap between form and 
expenence (which is highly impiobable) we shall be obliged, 
when studying sensation at a psychological level, to set apart 
all the tiaditional experimental and clinical methods, and to 
avail oui selves of testing matenal of a puiely psvchological 
value Puie tones and simple sounds must be abandoned, 
and words or sentences must be lesoited to, because they 
alone owm the symbolic, emotive, mnemonic, and evocative 
qualities w r hrch acqune their significance at a cortical level 

As a mattei of fact, aftei the failuie of tonal audiometry, 
hearing foi the voice has been tested by some authois, m 
cases of pathology of the tempoial lobe, the lesults did not 
significantly diffei fiom noimal, so that any further pos¬ 
sibility of audiometnc investigation of the auditory cortex 
seemed to be piecluded At the piesent state of knowledge 
theie is a shaip passage, m the tempoial lobe pathology, fiom 
normal healing to woid-deafness, which lepiesents the final 
stage of most severe lesions We have no means of levealmg 
audiometiically the eaily 01 pie-aphasic stages 

If we bear in mmd the importance of quality, space, time, 
and lhythm as factois governing the cortical identification 
of a veibal pattern, we may be easily persuaded that modem 
electioacoustic engineering gives us a chance of alteung one 
01 moie of these factois m a way which can be exactly de¬ 
fined and easily lepeated, an entirely new testing matenal 
may be put at oui disposal, foi the detection of eaily troubles 
of cortical hearing, m the same way as the audiometei leveals 
early and unsuspected tioubles of the fiequency and intensity 
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function It is not difficult to explain why, m limited lesions 
of the tempoial lobe, evident disordeis of veibal healing are 
laxe events 

The nervous sensory apparatus works according to a prin¬ 
ciple of redundancy, which is very common to all natural 
organizations As a consequence, even if a fanly laige num- 
bei of its stiuctuies aie put out of function, sufficient con¬ 
tacts aie always possible between the centers and the external 
world 

On the othei hand, speech also, as a means of communica¬ 
tion, works along the same pi mciple Every speech sound 
contains an enormous amount of information units, fai out¬ 
numbering the minimum that is theoretically required foi its 
differentiation from anothei sound, as a consequence, even 
if a certain numbei of those units get lost, due to faulty trans¬ 
mission 01 reception, the speech sound is still recognizable, 
moieovei, if one considers the rather rigid way in which 
speech sounds aie combined into a woid, or woids into a 
sentence, a very considerable loss of quality is necessary to 
make speech no longei intelligible It appears logical to sup¬ 
pose that the conditions foi the identification of a veibal 
message glow more difficult if the pool quality of the message 
is associated with a pool woikmg of the neuial sensory struc¬ 
tures, in other woids, when a peripheral distortion is as¬ 
sociated to what we may call a central distortion The dis¬ 
tortion may affect intensity, frequency, and time Any 
alteration of these factois will altei the value of the equation 

S + N 

I (amount of information) =2 t w log —— 

(Where t is the duration of the signal, w 1 b the width of the usable 
frequencj range S the maximum amplitude of the signal, N the minimum 
discernible difference of intensity) 

theieby leducing or mcieasing the amount of information 

Other factois such as space and rhythm must also be taken 
into consideration, therefore, we developed a senes of clinical 
audiometnc investigations whose logical basis was that of 
sensibilizing the traditional speech tests by making them 
more difficult m seveial ways (cutting of frequencies, accel- 
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eiation, periodic intei 1 uption, increase of the length of the 
message, alteration of meaning, lhythm, accentuation) Some 
of these tests have already been peifoimed m an extensive 
numbei of cases of tumois of the tempoial lobe, and of de¬ 
generative changes of the ceiebial cortex, due to old age In 
all these cases traditional tonal and speech audiometry failed 
to leveal any significant deviation from normal Some other 
tests have been so far experimented with m a moie limited 
numbei of cases, mainly 01 exclusively old-aged subjects 

FACTORS AFFECTING THE CORTICAL RECOGNITION 

_ OF THE VERBAL IMAGES _ 

Factors __ Related Teats 

Phtslcal Qualities of the Verbal Pattern _ ___Distorted Voice, 

Interrupted Voice 

Duration of the Signal _ ____Accelerated Voice 

Length of the Message_ _ Long Sentences or 

Lists of Words 

Meaning _ _ _ Meaningless Sentences 'Reversed” Sentences 

(Ex the cat is on the table 
table the on is cat the) 
Rhythm _ _ Prosodic Alteration (Accent Shift) 

Aperiodic Variations of Speed, 
Reversed Sentences 


Fig 1 


1 Distorted voice Lists of PB disyllabic woids have been 
presented monaurally at 50 db above threshold, through a 
low-pass filtei capable of reducing discrimination to 70 to 80 
pei cent in the normal subject Tempoial lobe tumor's piesent 
an aveiage discrimination which is pooiei m the eai contra¬ 
lateral to the tumoi (50 pei cent vs 65 to 75 pei cent in 
the ipsilateial eai ) 

2 Interrupted voice A discrimination of 80 pei cent of 
PB disyllabic lists is the lule m the noimal subject, if the 
voice at 50 db above threshold is mtenupted penodically 
10 times pei second, the latio voice silence being 1 1 Tumois 
of the tempoial lobe show worse discrimination in the eai 
contralateral to the lesion (30 to 40 per cent less as an 
average) 

S Accelerated voice If the numbei of woids pei minute 
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of the speech is mcieased fiom the noimal (about 150 woids 
pei minute) to about 350 woids pei minute, the discilmmation 
always appioaches 100 per cent in the noimal subject, how- 
evei, the thieshold is laised by 10 to 15 db Tumois of the 
tempoial lobe may piesent a normal thieshold shift, but the 
disci lmmation never attains 100 pei cent m the contialateial 
eai 

b Long messages When listening at a comfoi table level, 
a noimal subject is able to lepeat 100 pei cent of obvious 


AGED PERSONS 


Test 


Response 

Distorted Voice 

+ 

Fairly Good 

Interrupted Voice 
Accelerated Voice 

+ -f + 

+ -J“+ ' 

^ Vert Pool in Both Ears 

Long Sentences or 

Long Lists of Words 

+ + + 

4- + 

^ Vei t Poor in Both Ears 

Meaningless Sentences 

+ 

Fairlj Good 

Reversed Sentences 

+ + + 

Exti enielt Poor 

Prosodic Alteration 

+ + + 

Extremelj Poor 

Velocity Fluctuations 

++ 

Poor 

TEMPORAL LOBE TUMORS 

Test 


Response 

Distoited Voice 

+++ i 

I 

Intel rupted Voice 

+ 

\ Pooi in Contralateral Ear 

Accelerated Voice 

+ + J 

r 

Long Sentences or 

Long Lists of Words 

+ + + 1 

+ + J 

1 Poor in Both Ears 

l Onl) in Left Side Lesions 

< (Right handed Pts ) 


(+ Indicates validity of the test.) 
Fig: 2 


sentences of ten words, and lespectively 70 pei cent of 15 
Avoids and 40 pei cent of 20 woids Tumois of the tempoial 
lobe show a very pool peiformance (lespectively 70-10-0 
pei cent foi monauial left and right, or bmauial audition, 
Avhen the tumoi is located m the left hemispheie m light- 
handed patients No deviation fiom noimal is observed m 
light-sided tumois 

The lesults obtained appeal to be specifically indicative 
of an impaiiment of the auditoiy cortex, as no similar re- 
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sponses have been obseived in the many cases wheie the 
tumoi was located outside the tempoial lobe 

It is intei estmg to note that, as fai at least as the mtegia- 
tion of a distorted message is concerned, theie seems to be 
no leal dominance of one hemispheie ovei the othei The 
pooiei 1 espouse is always m the conti alateial eai, legardless 
of the side wheie the lesion is located, howevei, foi the 
function of memory, the left hemispheie m light-handed 
patients is cleaily dominant Cases of severely increased 
mtiaciamal piessuie often give bilaterally pool lesponses 

The obseivations made in tumoral pathology piompted us 
to investigate the lesponse to the same tests m old-age sub¬ 
jects, showing the best possible audiometnc curves in 1 elation 
to age and the best possible performance m psychometiic 
tests, and noimal lesponses to tiaditional speech audiometry 
The results have been even more demonstrative than those 
observed in the gioup of tempoial lobe tumors, of couise, 
no diffeience existed in monauial tests between the lesponse 
of the two ears The only exception was obseived in the 
test of distorted voice Discrimination was bettei in aged 
subjects than in tempoial lobe tumois This may be tenta¬ 
tively explained by the fact, that due to the piogiessive loss 
ovei high frequencies, the aged persons have been slowly 
getting accustomed to the cortical integration of messages 
lacking the higher portion of then acoustic spectiums 

The inteilupted voice test gave much pooiei lesponses 
than m tumor cases The same happened with the acceleiated 
voice test, the long sentences test gave as poor results 
Some of the poorei lesponses may depend upon the gieatei 
synaptic delay in the cortex In other cases, they may be due 
to the lack of partial compensation by the conti alatei al tem¬ 
poial lobe The compaiative evaluation of the results of our 
tests m the old age and tumor gioup of cases is an implicit 
confirmation that the auditory troubles of old age aie mainly 
cortical m oiigm, and that msofai as the piocess of cortical 
elaboration of the message is concerned, it does not matter 
whether the cortical lesions aie biought about by compies- 
sion and invasion, 01 by pumaiy atiophic and degeneiative 
changes 



308 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


This fact has peisuaded us m lecent months to extend 
furthei oui psychoacoustic leseaiches m the aged subjects, 
who form a fai moie numeious and homogeneous gioup than 
tumor cases, with the conviction that the lesults may be a 
pioof of the validity of new testing mateiial, and an indication 
of its possible employment m the study of coitical pathology 
fiom othei causes 

The new testing mateiial used consists of 

1 Meanmgless sentences The importance of meaning does 
not much affect the conect lepetition of sentences, with 
lesults only 20 pel cent less as compaied with the contiol 
gioup 

2 Alteiation of lhytlim The impoitance of lhytlim seems 
to be of paiamount impoitance in the collect lecognition and 
lepetition of sentences Rhythm may be alteied by, 1 megu- 
laily vaiymg the output velocity of the speech, or 2 shifting 
the accent of woids to wiong places 

In the old-age group, when compared with the conti ol 
gioup, the pel cent of conect l espouses falls lespectively 
fiom 100 to 70 pel cent, and fiom 50 to 0 pei cent 

These investigations furthei helped us to establish which 
functions of the auditory cortex and associated aieas are more 
liable to be compiomised, and which tests aie moie suitable 
foi the detection of a cortical impairment of hearing, whose 
clinical evidence is a veiy late and very lare occurence 
Modem electi oacoustic facilities allow us to multiply these 
tests, and to perfoim them under conditions of so fai un¬ 
known leliability A fust step seems to have been made 
m the cieation of a new semeiology of the coitical disturb¬ 
ances of heaung 

This new semeiology is not only diagnostically important, 
but it entails intei estmg physiological and psychological im¬ 
plications, mz the lelative importance of ciossed and un¬ 
ci ossed fibers along the auditory pathway, and the dominance 
of one hemispheie ovei the othei, moieovei it leads to a 
consideiable widening of the term of “deafness' as it is gen- 
eially accepted today, especially m old age, and offers the 
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hope of a bettei solution of some of the many pioblems 
legal drag piothesic adaptation and the le-education of the 
deaf 

Dr Hirsh Aie there any questions 01 comments on Di 
Bocca’s papei’ Di De Sa has a comment 


AUDIOLOGIC FINDINGS IN CENTRAL NERVE 
DEAFNESS 

Geraldo de Sa, 

Univei sity of Recife, Biazil 

Tire detection of nerve deafness of cential ongm, is the 
latest tiend in audiology The development of electnc audi¬ 
ometry, and mainly of speech tests, bi ought a gieatei intei est 
of the audiologist and the otologist m geneial to the possibility 
of the existence of a complex pathology, undei the uncertain 
diagnostic of nerve deafness Foi the past five yeais litei- 
atuie has been abundant on the subject of deafness caused 
by tumois and tiaumatism, theiefore, gi eater intei est aiose 
with the better knowledge of the possibilities of speech test¬ 
ing Attention is being called to the importance of speech 
discilmination losses foi the detection of cential neive deaf¬ 
ness since 1953 by Theo E Walsh Also, a bettei study of 
the leciuitment phenomenon permitted the audiologist to 
separate cases of cochleai and post-cochleai nerve deafness 

Peiceptive aphasia was studied foi a long time by the 
neuiologist, and only lecently was developed m the field of 
the otologist It seems to us that the two portions of the 
acoustic nerve, teimmal oigan, and acoustic pathway and 
biam piojections, should be studied sepaiately, being con- 
sideied the cochlea as a sound selectoi and the pie-cortical 
and cortical aieas as the fmal analyzeis The audiometry 
with puie sounds would be, evidently, of great importance 
foi the diagnosis of diseases of the selective oigan, the oigan 
of Corti, howevei, the identification of the composed sounds, 
and moie especially of the speech sounds, being accomplished 
on the pie-cortical 01 cortical centeis, would be bettei made 
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with the help of testing measuies that demand moie intensive 
ceiebial implication 

This seems to be today, a geneialized idea foi the audiol¬ 
ogists To test the peiception of a woid, no bettei testing 
matenal could be available than the woid itself For all 
of us dedicated to the speech audiometiy the importance of 
the disci lmmation tests foi diagnosis soon become appaient 
Besides, the use of phonetically balanced woid lists holding 
identical peicentage of sounds of a language, would permit 
testing a patient unable to heai this language well, with 
matenal adequate foi his disability 

In oui country, wheie otoscleiosis affects only 15 pei cent 
of the cases of deafness, the most common symptom bi ought 
by a patient to the otologist is to heai, but not to undeistand 
It seems to be that neive deafness is oui leal toll As a 
mattei of fact m neaily 600 cases of deafness studied m the 
last foui yeais, we found about 40 pei cent of cases of 
so-called “neive deafness” Undei these local cncumstances 
the disci lmmation tests became of gieat importance to us 

We used on oui patients, foi determination of disci lmi- 
nation scoie, phonetically balanced lists, piepaied by oui- 
selves at Cential Institute foi the Deaf, St Louis, Mo, m 
June, 1952 Since the beginning of the woik with the pho¬ 
netically balanced woid lists, m Septembei, 1952, we decided 
to obseive a specific appioach, by legisteung each answei 
of the patient, and not only establishing a curve In this 
way we believed we could, aftei enough expel lence, see which 
sounds weie most commonly lost by the patient in the seveial 
diagnostic groups 

Employing phonetically balanced lists, containing all the 
sounds of the language m identical peicentage, it was easy 
to dismtegiate each monosyllable lost, m its phonetical com¬ 
ponents, and to establish definite medias lefemng to all the 
phonems of the language This study is piesented today, and 
might lead to intei estmg conclusions On the othei hand a 
caieful conti ol of the impiovement of heai mg and disci unina- 
tion aftei thei apeutical measures could be established 

Based on oui obseivations, we agreed with Di Walsh that 
the cases of otosclerosis showed veiy little disci lmmation loss, 
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while the neive deafness showed a gieatei one, and that a 
ceitam type of deafness showed an extiemely great discrimi¬ 
nation loss In cases of nerve deafness, some show r ed reciuit- 
ment and some did not Those with leciuitment, we named 
cochleai deafness, and on oui charts aie repiesented by five 
cases of hvdiopsy, thiee cases of toxic neuritis, and two cases 
of acoustic tiauma 

Among the cases with no leciuitment, that we named 
retio-cochleai deafness, we charted tw r o cases of skull tiauma, 
two cases of epilepsy with focus on the left temporal lobe 
accoidmg to electioencephalogiaphy findings, one case of 
multiple scleiosis, one case of geneial toxicosis, two cases of 
supposed cortical deafness, and two cases of presbycusis of 
the Scliuknecht physiological type 

Among the cases of otosclerosis, ten patients with no signs 
of nerve involvement weie chosen Their media of puie tone 
loss w r as 65 db, and then media of disci lmmation was 84 
per cent Among the 48 phonems m the Portuguese language, 
15 were-heard by all the patients, 1160 phonems were given 
to the ten patients, and onlv 83 were lost, giving a media of 
7 15 per cent of discrimination loss Among the phonems lost 
the F’s came with the highest peicentage, 40 per cent, fol¬ 
lowed by the S’s with 35 5 per cent The D’s, the B’s and the 
AN’s followed wnth a smallei peicentage, and among the lest, 
the losses weie very small 

The cases of lecruitmg nerve-deafness showed a very dif- 
feient aspect Then media of puie tone loss was 40 dbs, 
and then disci lmination was 70 pei cent Five cases had 
pure tone around 20 to 25 c p s Among the 48 phonems m 
the Portuguese language (as spoken m Biazil) 11 w r ere heaid 
by all the patients Fiom the given 1160 phonems 145 were 
lost, giving a media of 12 5 pei cent of discrimination loss 
The F’s weie the phonems lost moie often, 70 pei cent, and 
the S’s gave a peicentage of loss of 63 328 pei cent, the IN’s 
and the B’s followed with 40 pei cent and of the diphthong AI 
50 pei cent was lost Of the D’s 30 pei cent weie lost, and the 
Z’s, UN’s, V’s and T’s follow ed The rest of the phonems 
were m a smallei peicentage It was evident that cases 
of nerve deafness with lecruitment, lose moie consonants, 
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Fig 1 

among them, F's, the S's, the D’s, the T's and the B’s One 
could detect the diagnosis by the almost complete losses m S’s, 
that weie scaicely heaid at all Those cases showed also 
sloping cuives towaids the high frequency tones from 2000 
c p s up Then bone conduction was pool, but present 

Now we come to the cases that aie mainly the leason 
foi this communication—the nerve deafness cases without 
lecruitment, that we charted as retro-cochleai deafness 
Then media of pure-tone loss was 45 dbs , and one case had no 
pure tone loss at all Their media of discrimination was 45 
pei cent Among the 48 phonems m the Portuguese language, 
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fbr/?fiY?r hmfnm 
(tccwr/fcf/r) 



Fig 2 


none escaped being lost by some patients Fiom the given 
1160 phonems, 347 weie not heaid, which gives a media of 
29 913 pel cent of disci mnnation loss 

On the selection of the phonems lost, we saw a complete 
change from the othei types of deafness The AN’s, that 
until now showed piacticallv no losses, showed 90 pei cent 
loss The F’s piesented 70 pei cent of losses, the IN’s and 
the UN’s showed 60 pei cent, and so did NN, also a nasal 
sound The B’s showed 65 per cent loss, and again the nasal 
sounds ON and the nasal diphthong AO showed 50 pei cent 
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Fig- 3 

loss, while anothei nasal phonem, the EN, showed 45 per cent 
The T’s lost 50 pei cent, and the B’s 65 pei cent, the S’s 47 pel 
cent, the M’s 46 pei cent, and the L, an easy phonem m 
Poituguese, 46 pei cent loss The K’s, V’s, Z’s and G’s all 
showed losses up to 30 pei cent 

It was intei estmg to obseive the disci lmmation of phonems 
lost by othei types of patients, and the appeal ance of 
fantastic answeis, difficult to find m othei types In the 
ten patients, moie than 50 fantastic answeis weie given, 
which laises the peicentage to moie than 10 pei cent Al¬ 
though showing heavy loss, the S’s weie lelatively well heaid 
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compaied with othei types of deafness Mistakes among 
consonants veie very common The most fiequent weie 
F 01 S and T, T for D and D for T, P foi T, and D and F foi 
S Among the cases, we have chained two skull traumas with¬ 
out any othei disablement than dizziness and deafness Case 
No 2986 does not lespond to any calouc excitement in eithei 
eai, the two cases of epilepsy showed abnormal encephalogi am 
with focus of slow activity in the left tempoi al ai ea with shai p 
and spikv waves on the left antenoi tempoi al zone Case No 
2892 showed, m the Cawthome-Hallpike test, dnectional pie- 
pondeiance foi the left Examined thoioughly by the neuiol- 
ogist, Di M C Banos, no othei neivous symptom was 
found It would be intei esting to note that another patient 
with focal epilepsy on the right side showed no loss of dis¬ 
ci immation worthwhile, pui e-tone media ai ound 40 dbs and 
disci mnnation scoie 90 pel cent 

One case of multiple scleiosis had a lineal, flat curve aiound 
55 dbs, no bone conduction, and a very pool disci immation 
It has been followed now for six yeais and heais nothing at 
all foi the last two yeais Regaidmg the geneial toxicosis, 
one patient has foi a long time taken alcoholic dunks to ex¬ 
cess and has a great diffeience between the left and light 
eais with very bad disci immation m both Hearing in one 
eai is today almost lost, and the othei almost as bad, as he 
continues the same habit 

Othei cases of supposed cortical deafness lefer to a patient 
with almost noimal pui e-tone level, and great disci immation 
loss, and anothei with gieat loss of disci immation and puie 
tones, that lecuired with clinical tieatment to a 90 pei cent 
disci immation scoie, this patient being long undeifed because 
of leligious motives The two cases of piesbycusis showed 
no leciuitment and no history of toxidity and could be put 
in the class of geneial senile breakdown 

We could not find m any examination signals that could 
be lefened to lesions on the pathway between the cochlea 
and the cortex, but we aie convinced that patients with flat 
puie tone thieshold, gieat disci immation loss, mainly of nasal 
sounds, many consonant mistakes, fiequent senseless answeis, 
no leciuitment, bone conduction veiy low or absent, have 
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xetio-cochlear deafness and if all these signals are backed by 
the existence of directional piepondeiance 01 electioeneepha- 
logiaphic findings, cortical deafness could be suspected 

SUMMARY 

The authoi piesents seveial cases of central deafness, some 
of them confirmed electio-encephalogiaphically, and studies 
then audiological findings 

a Tono-audiogiams aie piesented foi each case, emphasis 
being placed on the lineal aspect of the cuives 

b Portuguese speech tests performed, showed some errois 
that became chaiactenstic, theiefore the authoi states the 
need of speech tests (logo-audiometry) being made specif¬ 
ically, and not only numerically, te, each woid must be 
legisteied by the exammei as lepeated by the patient, so as 
to permit further obseivation of the lesults obtained with 
tieatment, as well as to identify certain hearing losses The 
following observations weie made 

Fust, Nasal sounds are normally lost m central deafness 
(An, En, In, On, Un) 

Second, The S’s aie well peiceived while they aie the fust 
to be lost m the cases of cochleai deafness 

Thud, There is gieat lecunence of mistakes of certain 
consonants as T f 01 D, D for T, F foi P, P f 01 T, (pei- 
centual is given) 

Fourth, Frequently fantastic answers are obtained 

c As a clinical aid to the diagnostic, the Cawthome-Hall- 
pike test will show dnectional pi eponderance m some cortical 
deafnesses 

d The authoi fails to find a differential diagnosis in the 
cases of deafness by envolvement of structures between the 
cochlea and the cortex, but assumes that patients with linear 
tono-audiograms, no leciuitment, no dnectional pi eponder¬ 
ance and negative encephalographic chart, will m most cases 
have lesions m the tubeiculum quadrigemmus mfenoi 01 in 
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the medical geniculate body 01 in the nuclei of the acoustic 
pathway 

Dr. Hirsh Thank vou, Di Sa Any other questions or 
comments ’ 

Unidentified Doctor Excuse my very bad English, but I 
was impressed by what Dr Sa said, because we made the same 
m\ estigation, and m Spanish words, to ha\e m the coi re¬ 
sponding language different quality" deep tones 

Dr Greiner When you have a very stiong amplification 
your distortion becomes gieatei than when you have a middle 
amplification When you have a penpheial oi cochleai dis¬ 
tortion this remains the same on every level of intensity 
When you have a cortical lesion your distortion first dimin¬ 
ishes and then, when the distortion goes up, you have a gi eater 
discrimination 

Dr. Hirsh Tomonou you will heai the physiologists tell 
us about the cortex, and how they will mterpiet some of the 
clinical lesults of today 


PENDULUMS, TRAVELING WAVES, 

AND THE COCHLEA 

Introduction and Script for a Motion Picture * 

G v BekEsy, 

Harvard University, 

Cambridge, Massachusetts 

i introduction 

The puipose of this film is to make us familial with the 
properties of traveling waves which seem to play a lole in 
hearing Only tiansveise waves aie described, since the 
movements of the basilar membrane seem to be of this sort 
The vibiation amplitudes on the human basilai membiane, 

•This film originally scheduled as a portion of the session on the 
Physiology of Hearing was shown Tuesday evening May 14 In the clinics 
and laboratories of the Central Institute for the Deaf, St. Louis Missouri. 
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dui mg stimulation with even a very stiong sound, are so 
small that it would be veiy difficult and expensive to photo¬ 
graph them Foi this reason the tiavelmg waves aie demon¬ 
strated on models These models have the gieat advantage 
that they peimit us to investigate several diffeient phenomena 
as a function of a number of variables 

In the beginning of the film it is demonstrated that, even 
with an oscillating system made up of only two coupled 
pendulums, the energy of one pendulum does not stay at¬ 
tached to the pendulum m motion, but through coupling, is 
transmitted to the second pendulum Natuially, if theie aie 
seveial pendulums coupled together, the eneigy flows through 
one pendulum to its neighbor, and in this way a tiavelmg 
wave is foimed In geneial, the same holds for membranes 
01 foi any system of this type 

Propagation, reflection and standing waves are illustrated, 
and it is demonstrated that even with a set of coupled reson¬ 
ators, such as those described m the resonance theory of 
Helmholtz, transients always pioduce tiavelmg waves 

The film closes with an enlaiged model of the cochlea On 
the model the nerve supply is lepiesented by the sensory 
nerves of the human skm It is the skm which picks up the 
tiavelmg waves along a plastic membiane The vibiations 
felt aie similai to those on the basilar membiane of the 
human ear, and they pioduce a sensation which is very 
shaiply localized along the membiane even though the maxi¬ 
mum of the vibration amplitude distribution is quite flat 
Changing the stimulating frequency makes the sensation 
move up and down on the skm of the arm, thus permitting 
frequency analysis by place determination 

II SCRIPT 

This film illustrates the principles basic to the complicated 
vibiation pattern of the inner eai 

Pait I shows the production, propagation, and reflection 
of waves m a system of coupled pendulums 

Part II shows tiavelmg waves similai to those obseived 
m the mnei eai 
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Part III shows an enlarged dimensional model of the 
vibiatmg parts of the cochlea 

Pent I—System of Coupled Pendulums 

The pendulum system consists of a senes of gieen balls B, 
each suspended from the supporting lod A by a thiead (see 
Fig 1) Adjacent pendulums are coupled by small orange 
balls attached between them When the laige dnvmg pendu¬ 
lum is coupled to the supporting lod, it sets the whole senes 
m motion simultaneously, when it is coupled to the senes 
only (by an orange ball) it sets the first pendulum m motion 

In a system of two coupled pendulums, when one is set m 
motion it tiansfers its eneigv to the othei, -which m turn 
returns the eneigy to the first 

As the coupling is mci eased, by lowering the couplei, the 
amplitudes of the coupler become largei, and the energy 
transmission is, therefoie, mci eased 

When there are foui pendulums, the eneigy travels a 
greater distance from the point of ongm 

In a long series of pendulums the coupling transports 
eneigy away fiom the souice and forms a traveling wave 

The formation of tiavehng -leaves und-ei special conditions 

In the inner eai the dnvmg foices act on laige sections of 
the vibiatmg system This distribution of forces can be 
simulated m the pendulum system by setting the dnvmg iod 
m oscillation When all the pendulums aie of the same 
length and all are driven simultaneously, they swing m phase 
and no waves are produced The height of the coupling balls 
is immaterial 

If the driving foices act on only half of the pendulum 
senes, traveling waves develop m the center and spread m 
both dnections men the distribution of foices is constant 
a discontinuity m the lengths of the pendulums will also 
cause waves to spread m both directions fiom the discontin 
uity, however, when the dnvmg frequency is lower than 
the resonant frequency of the pendulums, no waves are 
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foimed, even though the foice acts on only one end of the 
senes 

Piopagation of Waves 

When an oscillation is suddenly transmitted to one end 
of the coupled pendulum senes, tiavelmg waves of varying 
speed aie pioduced The high fiequency components of 
the tiansients pioduce shoit waves, and these waves tiavel 
fastei than the long v, aves This is called dispel si on In a 
dispei sive system, two types of velocity can be seen, phase 
velocity and gioup velocity 

Phase Velocity—the maximum of the small sinusoidal 
v aves moves quickly fiom light to left and disappeais at the 
fiont edge of the gioup (see Fig 2) 



Gioup Velocity—the whole gioup of sinusoidal waves 
moves into the legion of the undistiubed pendulums at a 
much lowei velocity With smallei coupling the diffeienee 
between gioup and phase velocity is even moie pionounced 

When the oscillation is continuous, however, only the phase 
velocity can be observed In oidei for us to see gioup veloc¬ 
ity, tiansients aie necessary The wave length foi a given 
frequency depends upon the amount of coupling When the 
coupling is laige, the waves aie long When the coupling 
is small (the oiange balls lngh) the wave length is small 

Reflection 

Whenevei a tiavelmg wave leaches a discontinuity, total 
01 partial leflection occurs and standing waves may appear 
Standing waves aie chaiactenzed by nodes and loops m 
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fixed positions Usually the movements of adjacent loops 
aie out of phase (see Fig 3) 

In the picture an electio-magnet holds one of the central 
pendulums m a fixed position, and standing waves occui 
between the stationary pendulum and the driving souice 
The moment the pendulum is leleased traveling waves occui 
and move along the whole system A local discontinuity in 
a tiavelmg wave pioduces standing waves as a consequence 
of reflection 

Pait II—Two systems illustrating tiavelmg waves similai to 
those observed in the mnei ear 

A system of pendulums can simulate the vibiation pattern 
observed m the cochlea of a living guinea pig 01 m a piepara- 



tion of human tempoial bone When the lengths of the pendu¬ 
lums deciease continuously fiom' one end to the othei, what we 
observe is traveling waves moving m the dnection of the 
longei pendulums Foi the past 100 years Helmholtz's theory 
has dominated the field of healing 

Helmholtz Theory 

Lord Kelvin photogiaphed Helmholtz m his laboiatoiy m 
1894—the age of keiosene, gaslight, and basic reseaich Ac- 
coidmg to the lesonance theoiy, there aie fiee lesonatois 
m the mnei eai, each of which lesonates at a diffeient fre¬ 
quency Without coupling, the pendulum senes becomes a 
system of fiee lesonatois The short pendulums at the fai 
end aie fast moving, the long ones at the front aie slow 
moving 

Traditionally, it has been assumed that tiavelmg waves 
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do not occui m a system of fiee resonatois, but when the 
whole support of the pendulums is set in oscillation at a high 
fiequency, a tiavelmg wave develops at the onset of the 
oscillation Its maximum amplitude is m the region of the 
shoiter pendulums As the driving fiequency is loweied the 
maximum moves towaid the longei pendulums 

Transients aie impoitant m the lecogmtion of speech and 
music For tiansients there is almost no difference between 
the lesonance and traveling wave theones of healing 


r 
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Fip i 


Reed System 

In the following pictuies, the same phenomena aie illus¬ 
trated with a series of leeds attached to a suppoitmg base 
which can be set m vibiation by a dnvmg iod The leeds 
aie tuned at equal mteivals and then lesonant frequencies 
aie within the lange of heaung The reeds m fiont aie 
stiff and lesonate at higliei fiequencies, those m back at 
lovei fiequencies (see Fig 4) 

Applying a sinusoidal vibiation to the support sets the 
leeds m motion Reeds that lesonate at fiequencies close to 
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the dnvmg fiequency vibiate at the laigest amplitudes As 
the duvmg fiequency is loweied, the legion of maximum 
vibiation shifts towaid the low-fiequency leeds 

The leeds shown vibiate 60 times pei second, and only 
a blui could be seen, but when the pictuies aie piojected 
100 times slowei, the movements of each leed can be followed 
The white line made by the tips of the leeds descubes a 
vibiation pattern chaiactenstic of fiee lesonatois 

The leeds below the lesonance point—the point of maxi¬ 
mum vibiation—aie vibiatmg 180 degiees out of phase with 
the leeds above the lesonance point (see Fig 5) 


RESONANCE POINT 



In spite of the assumption that tiavelmg waves do not 
occui m a system of fiee lesonatois, they can be seen form¬ 
ing duung the onset and teimmation of a penodic duvmg 
foice The resonance theory of hearing assumes the vibia¬ 
tion pattern you have just seen, that is, lesonatmg elements 
vibiatmg freely 

In the basilai membiane, howevei, each element is coupled 
to its neighboi This coupling is simulated heie by inserting 
a lubbei band along the leeds With the leeds thus coupled, 
displacement of one leed moves its neighbor 
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Because the dimng lod is atached to the supporting 
base, all the leeds aie exposed to the same dnving force As m 
the coupled pendulum senes, traveling waves aie piesent, 
even for continuous vibrations In oidei to avoid reflections, 
damping has been added m the foim of a piece of sponge 
lubbei At normal speed we would see only the amplitudes 
of the vibiations moving along the low of reeds 

The traveling waves aie similai to the waves pioduced 
in the cochlea of an anesthetized guinea pig or m a piepara- 
tion of the human coclilea, but in the cochlea theie is bettei 
dampmg 

In an elastically coupled leed system, a traveling wave does 
not lose eneigy as it tiavels When the wave strikes an 
obstacle, such as the end of the leed system, it is leflected, 
and standing waves result The same phenomenon is shown 
at noimal speed and m slow motion The adjoining parts of 
the basilai membiane aie coupled m part by the fluid sui- 
lounding the membiane 

If we lemove the lubbei band fiom the leed system and 
immeise the leeds partially m watei, the resulting frictional 
coupling pioduces traveling waves similai to those produced 
with elastic couplmg The next pictuie shows the combined 
effects of both types of coupling As the frequency is loweied 
continuously, the point of maximum amplitude moves m the 
dnection of the low-frequency leeds 

Paradoxical Waves 

The lowei part of the next pictuie shows the wiling dia¬ 
gram of a low-pass filtei, the uppei part lepiesents the 
voltage across each section The waves move fiom left to 
light, but with a high-pass filtei the waves move from light 
to left, that is, towaid the souice of the energy Waves 
tiavelmg tmuard the souice aie common m electrical net- 
woiks but aie laiely seen in natuie Expeiiments show that 
they can occui m the coclilea 

We can duplicate these paiadoxical waves m the leed 
system by exerting a driving force on a whole section of 
damped reeds simultaneously When tins is done, the dnving 
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foice can be moved a certain distance along the leeds without 
changing the direction of the waves 

Part III—A model of the cochlea with neive supply 

It is haid to imagine how traveling waves act on the 
sensory neivous system Oui best appioach is through an 
expei iment With dimensional analysis we can make models 
of ships and an planes that simulate all the phenomena of 
full-scale vessels In the same way we can contruct an en- 
laiged model of the cochleai duct that mcoipoiates the me¬ 
chanical data of the human cochlea Seveial such models 
have been constructed, of which the most lecent is m 
Gottingen 

The model used heie consists of a plastic tube with a mem- 
biane that is thickei at one end than at the othei The tube 
is filled with watei and at the thick end contains a vibiatmg 
piston coiresponding to the stapes footplate 

Sinusoidal vibiations pioduce traveling waves on the mem¬ 
brane The maximum of the vibration is close to the piston 
(stapes) for highei fiequencies 

When the forearm is placed on the vibiatmg membiane, 
even though the maximum is bioad, the sensation is con¬ 
centrated m a small region of the skm As the fiequency 
changes the locus of the sensation moves along the aim 

The subject moves a pomtei along his aim to show the 
locus of the sensation foi a given fiequency The sensation 
extends over only 2 01 3 cm , as is shown by the small os¬ 
cillating movements 

Prepaiations of the cochlea show that theie is m the inner 
ear a vibiation pattern with a broad maximum whose locus 
changes with fiequency, and expeiiments indicate that the 
nervous system shaipens this maximum 

At the low frequencies the nervous system can perform a 
frequency analysis by responding dnectly to the frequency of 
the vibration, but at the middle and higher fiequencies only 
the locus of the maximum determines the pitch 

The impiessive factor of this neuro-mechanical model is 
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that it can peifoim a fiequency analysis much moie quickly 
than can any known electucal filtei system 

The locus of the sensation on the skin is detei mined with 
equal accuracy whethei the frequency is presented foi a 
second, 01 for as little as 2 cycles—winch m this expel iment 
is 0 02 second 

Foi all oui technical skill when neives aie involved, natuie 
is fai ahead of us 

Acknowledgment 
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foice can be moved a certain distance along the leeds without 
changing the direction of the waves 

Part III — A model of the cochlea with nerve supply 

It is hard to imagine how traveling waves act on the 
sensoiy neivous system Oui best appioach is through an 
expel iment With dimensional analysis we can make models 
of ships and an planes that simulate all the phenomena of 
full-scale vessels In the same way we can conti uct an en- 
laiged model of the cochleai duct that mcoipoiates the me¬ 
chanical data of the human cochlea Seveial such models 
have been constiucted, of which the most lecent is in 
Gottingen 

The model used heie consists of a plastic tube with a mem- 
biane that is thickei at one end than at the othei The tube 
is filled with watei and at the thick end contains a vibiatmg 
piston conespondmg to the stapes footplate 

Sinusoidal vibiations pioduce tiavelmg waves on the mem¬ 
brane The maximum of the vibration is close to the piston 
(stapes) for higher frequencies 

When the foiearm is placed on the vibiatmg membiane, 
even though the maximum is bioad, the sensation is con¬ 
centrated m a small region of the skm As the frequency 
changes the locus of the sensation moves along the arm 

The subject moves a pomtei along hrs arm to show the 
locus of the sensation foi a given frequency The sensation 
extends over only 2 01 3 cm , as is shown by the small os¬ 
cillating movements 

Preparations of the cochlea show that theie is in the mnei 
ear a vibration pattern with a broad maximum whose locus 
changes with frequency, and experiments indicate that the 
neivous system shaipens this maximum 

At the low frequencies the nervous system can perform a 
frequency analysis by responding directly to the frequency of 
the vibration, but at the middle and higher frequencies only 
the locus of the maximum determines the pitch 

The impressive factoi of this neuro-mechanical model is 
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cunous, the bettei off is the clinician, and theie is no othei 
aiea of auditory function that has so eleai.lv shown this pic- 
tuie of basic knowledge conti lbuting to successful clinical 
pioceduies than studies of the sound conduction piocess of the 
middle eai 

We see the successful beginning of middle-eai suigery 
back m 1890° with attempts at mobilizing ankylosed stapedes 
Thiough many vanations this pioceduie was leplaced by the 
fenestiation opeiation, fust tiled in one foim 01 anothei 
aiound 1900," and finally perfected to a single stage, and 
highly successful method, by Lempert some 15 yeais latei 5 
Actually it was the success of this operation that inspired 
some concentrated lesearch on the conductive piocesses of the 
eai, and as a lesult of the subsequent understanding of the 
middle-ear mechanics theie has been developed a numbei of 
opeiative piocedures foi the reconstruction of chiomc middle- 
eai conditions that up to now caused deafness that had to be 
lived with 

Oui purpose heie is to considei the way sound is trans¬ 
mitted thiough the middle eai and the principles of sound 
conduction that aie involved Because of time limitations the 
discussion is confined to two topics, the mechanical operation 
of the middle eai, and the fidelity with winch the middle ear 
performs 

Of the peripheial structures the sensory cells of the oigan 
of Corti aie the most important To have healing these cells 
must be vibiated, and to survive they must be nounshed Be¬ 
cause of then sensitivity to vibrations they cannot be nour¬ 
ished by any system that contains elements that might pulse 
or pioduce lapid movements thiough turbulent fluid flow, so 
we find these cells suivivmg without any dnect blood supply 
but by being immersed in a fluid medium which moves im¬ 
perceptibly, bringing nutnent matenal to the cells and carry¬ 
ing away waste products Hearing lesults when the desned 
vibiations aie introduced into this fluid medium and are 
effectively transmitted to the cells 

By placing a needle electrode m the vicinity of the cochlea 
and recording the potentials that anse fiom vibiations of the 
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May 15, 1957 


PHYSIOLOGY OF HEARING 

The International Confeience on Audiology leconvened at 
9 30 AM, m the Auditonum of the Washington University 
School of Medicine, St Louis, Missoun, Di Harvey Fletcher, 
Dnectoi of Reseaich, Bngham Young University, Provo, 
Utah, piesiding as Chau man 

Dr Fletcher We are to discuss today how the eai works, 
and the physiology of healing The tiansmission of sound to 
the eai, thiough the middle eai, and into the cochlea, has 
been divided into two paits fust, that part concerned with 
the piocess of sound conduction thiough the middle ear, 
second, tiansmission in the cochlea 


PROCESS OF SOUND CONDUCTION * 

Merle Lawrence, 

Univeisity of Michigan, 

. Ann Aiboi, Mich 

Many of us involved m the field of hearing do leseaich out 
of curiosity We would like to know how the ear woiks The 
clinical otologist, on the othei hand, is intei ested in how the 
ear works because he would like to know what to do when 
infection or tiauma mteifeie with normal function Specifi¬ 
cally, he would like to know what certain steps that he might 
take would improve the performance of this disarranged 
mechanism, so the more basic knowledge revealed by the 

•From the Physiological Acoustics Laboratory University of Michigan 
Ann Arbor Mich Preparation of this report wag supported by the Re* 
search and Development Division Office of The Surgeon General Depart¬ 
ment of the Army under contract No DA-49-007-MD-634 and by the funds 
for Research In Human Resources University of Michigan 
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Pig 1 A comparison of o\al-wlndow and round-window pathwajs after 
the middle ear has been remoied The ordinate show a the sound pressure 
necessarj to produce 10 mIcro\olts of response at the Indicated frequencies 
1 dyne/cm 3 Is equivalent to 71 db abo\e 0002 dj ne/cm" From Reference 
10 


1 2 345681 2 345681 



Fig 2 The effect of blocking the round window upon the response to 
sound delivered \la the o3al window From Reference 10 


bubble one million times this size, about one-thud of a cubic 
millimetei, would allow almost complete freedom of the fluid 
movements 

Fig 2 piesents the lesult of such an experiment The 
effects of two degiees of blocking aie graphed to show some¬ 
thing of the range of effects that can be obtained The decre- 
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sensory cells, it is possible to obtain a measuie of the efficiency 
of vibiations mtioduced into the mnei-eai fluids Since theie 
is no threshold or level of sound at which the potentials sud¬ 
denly appeal, it is necessary to use some constant voltage 
output m response to sounds of diffeient frequencies as a 
measuie of the eai’s sensitivity By lecoidmg the sound 
piessuie necessaiy to pioduce this pie-established level of 
lesponse at the vanous frequencies m the normal eai, and 
compaimg this with the responses undei experimentally al¬ 
tered conditions, it is possible to obtain a quantitative measuie 
of the effects of the abnoimal conditions 

Foi the pui poses of simplifying the analysis of middle-eai 
function let us staid; with the condition m which there is no 
middle eai, the mnei eai being bounded on the lateial side 
by the oval and lound windows Oui fust concern is whethei 
one of these ail-conduction loutes is moie efficient than the 
othei 

Sound is fust conducted by means of a small piobe tube to 
the oval window and the sound piessuie necessary to pioduce 
oui pie-estabhshed lesponse level measuied by means of a 
calibrated piobe-miciophone system The sound is then con¬ 
ducted to the lound window and these measuiements repeated 
Fig 1 shows the lesult of such an experiment As is to be 
expected, considerably moie sound piessuie is needed to pio¬ 
duce the lequned lesponse when the middle eai is lemoved 
than when it is piesent, but it makes very little difference foi 
effective vibiation of the mnei eai whethei the sound is 
mtioduced into the oval window 01 the lound window 

Because the two windows lie at opposite ends of a fluid 
system, it has long been suggested that a back and forth 
movement of this fluid column is essential foi sensoiy-cell 
stimulation This can be determined by car lying the above 
expeiiment a step farthei While the sound is being intro¬ 
duced into the oval window the lound window can be blocked 
This is a rathei difficult thing to do effectively because the 
actual volume displacement of the fluids of the mnei eai is 
so minute It amounts to the volume of a sphere with the 
diametei of a led blood cell when the eai is stimulated by a 
sound of 1000 c p s at 74 db above 0002 dynes/cm 2 An an 
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piessuie phase and pulling it out duung the negative pies- 
sure phase If both windows are being pushed m at the same 
time the situation would be the same as blocking one of the 
windows, because no lelief opening is available for eithei 
souice of sound This condition is portraved schematically m 
Fig 4 It can be seen that m such a phase relationship no 
movement of the basilai membrane with subsequent sensory¬ 
cell stimulation is possible This is equally true of the phase 





Fig* 4 Schematic representation of sound entering both c^al and round 
windows at the same time The phase condition represented here Is such 
that there would be complete cancellation of response The sounds are In 
phase at the two windows and of equal intensit'N From Reference 11 


i elation when both windows are being pulled out at the same 
time, howevei, when one window is pushed m by a positive 
sound piessuie and the other window is pulled out bv a nega¬ 
tive piessure bi ought about by delaying the sound by one- 
half a wave length, the effectiveness of the relief opening is 
enhanced By such a situation the amplitude of vibiation of 
the basilai membiane should be double that produced by sound 
in one window alone 

Again, by recoidmg the electrical responses of the cochlea 
it is possible to obtain a quantitative measure of the above. 
Sound from one electronic oscillator is used with the output 
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ment is greatest foi the low frequencies, and is m excess of 
20 db foi those below 1000 c p s It is necessary to dry the 
surfaces and pack the niche completely with wax m oidei to 
pioduce the results shown It is appaient that the oval 
window pathway is effective only ’as long as the round win¬ 
dow is fiee at the othei end of the system 

We find also that the oval window must be free to make 
the lound window pathway effective Because of the piesence 
of the footplate of the stapes it is easiei to block the oval 
window than the lound window, and by embedding the stapes 
m wax the lesults of Fig 3 aie pioduced Now the effects 



Fig- 3 The effect of blocking- the oval i\ indow upon the response to 
sound deli\ ered t la the round window From Reference 10 


aie most seveie m the lange immediately above 1000 cps, 
indicating that the method of blocking the two windows has 
changed the frequency lesponse pioperties in different ways, 
but the principle is still demonstrated that m order foi vibia- 
tions enteung by one -window to be fully effective m stimu¬ 
lating the sensory elements, the othei window must be free 
to act as a lelief opening at the other end of the system This 
was a theoiy first expressed by Edwaid Weber 8 moie than a 
century ago 

This principle can be studied more quantitatively if we in¬ 
troduce sound into both windows at the same time Such a 
situation would exist m an individual with no tympanic mem¬ 
brane 01 ossicles, so that both windows were exposed to the 
same sound field Visualize the alternating positive and 
negative sound piessuie of a sound wave leaching one of the 
windows as pushing the membiane m during the positive 
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the cochleai 1 esponse as the phase of the sound m one window 
is shifted with lespect to the phase of the sound m the opposite 
window The sound is fust directed into one window alone 
and set at a sound piessuie sufficient to give rise to a 1 esponse 
of 10 miciovolts This tone is then shut off and that dnected 
toward the opposite window set to give a 10 miciovolt le- 
sponse Foi the leadings shown in the figuie the tones aie 
mtioduced into the two windows simultaneously The le- 
sponse shows what is to be expected fiom the vectoiial sum 
of two sine waves of equal intensity when one is vaned m 
phase As expected, m a phase lelationship wheie one "win¬ 
dow is pushed m while the othei is pulled out the i esponse is 
double what sound m one window alone would give, and 
when they aie 180 degiees fiom this condition, that is, both 
wundows being pushed in or pulled out simultaneously, the 
l esponse is completely cancelled The intei estmg thing to 
note is that as the phase vanes thiough the complete 360 
degrees, the two-window” l esponse is as good oi bettei than 
that fiom one window alone ovei a phase diffeience of 240 
degiees, w r hile the tw r o-window” iesponse is woise ovei only 
120 degiees It is not likely that the sound, undei conditions 
whei e both w mdows ai e exposed, hits them m the exact phase 
lelation foi cancellation In the fust place the windows aie 
not m exactly the same plane, consideied fiom the point of 
view” of the sound-wave fiont, and secondly, one window 
contains a stapes oi footplate and the othei a membiane 
These mtioduce phase diffeiences, as will be shown shoitly, 
and it does not take much of a phase shift to bung the le- 
sponse up to a level of that given by stimulation thiough one 
w”mdow alone If the two windows were exactly alike they 
w r ould have to be sepaiated by a distance of about seven inches 
foi a fiequency of 1000 cps In the scheme behind oui 
phylogenetic development this appaiently was consideied 
impractical 

Anothei factoi influencing tins tw”o-w”indow” summation is 
the intensity of the tones mtioduced Complete cancellation 
depends upon equal intensities, so tins unwanted condition 
can also be avoided by the introduction of a more intense 
sound m one wnndow than the othei To accomplish this 
advantage has been taken of a fact winch make a fluid-filled 
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Fig" 5 Vectorial summation In the cochlear response to a tone int r °“ 
duced simultaneously by way of the oval and round windows The phase 
relation of the two pathways was varied over a ranee of 360 as shown 
on the abclssa The points represent observations and the curve repre¬ 
sents theoretical summation From Reference 10 

passed thiough a dividing network Into one channel a phase 
changei is mtioduced and the two sources separately led, by 
means of small tubes, to each window The sound level is 
again lecoided by a calibiated piobe-miciophone system, and 
the recoided electrical potentials serve as a measure of the 
effectiveness of the stimulus Fig 5 shows the magnitude of 
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because of the lesonant pioperties of the middle-eai struc- 
tuies, but the aveiage is approximately 28 db, which is close 
to the theoietical loss of 30 db It means that, consideimg the 
eilois which can be attubuted to the natuie of the expeliment, 
the middle ear of the cat is almost perfectly efficient 

Since the time of Helmholtz much leseaich and thought 
have gone into the problem of how the middle-eai stiuctuies 
accomplish this match Of the theones of action that have 
been proposed, two have been showm expenmentally to con¬ 
tribute to the impedance matching piocess 

The fust of these depends upon the aieal iatw between the 
tympanic membiane and the footplate of the stapes In man 
the aveiage of the available data shows this ratio to be about 
21 to 1 Consideimg the fact that the tympanic membiane 
is not like a piston, but lather like a stretched membiane 
attached around the edge, the effective aiea of the membrane 
must be l educed by about one-thnd, making the latio 14 to 1 

The second chaiactenstic of the middle ear that aids m the 
matching piocess is the level latio brought about by the 
peculiai anangement of the ossiculai chain Measurements 
of this m the human aie few and probably not very accuiate 
Dahmann 3 made what aie piobably the most reliable meas- 
uies, by placing small minors on the dium membianes and 
then on the long process of the incus The ratio so detei mined 
w as found to be small about 1 3 to 1 

The product of the aieal latio and the level latio give us 
the tiansformer ratio of the entile middle eai, which then 
amounts to appioximately 18 to 1 This piessuie mciease at 
the footplate of the stapes is equivalent to 25 db, which is 
not enough to overcome completely the theoretical loss of 30 
db , but these figures should not be taken too seriously because 
of the limitations m both the experimental data and theoietical 
calculations In calculating the theoietical 30 db loss m the 
passage of sound fiom an to the fluids of the inner ear, data 
for boundless media were used, wheieas the air of the middle- 
eai cavity oi fluids of the inner-ear space are fai from 
boundless On the other hand, data used to deteimme the 
areal ratio are limited, and the data of the level latio may 
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eai quite impiactical m an air environment, as was the case 
some 250 million yeais ago, when the piedecessois to the 
amphibians fust found themselves on land 

Because of the extreme differences in the pioperties of 
elasticity and density between air and liquid, appioximately 
99 9 pei cent of the acoustic eneigy is reflected back at an air- 
water interface This means that there is a loss of 30 db in 
transmitting the vibiatory energy from the air to the mner- 
ear fluids By the use m one window only of a mechanism 
that matches these pioperties of an and watei, it is possible 
to overcome both of the disadvantages of the two-wmdow 



Fig 6 The loss of sensitivity resulting: from the removal of the middle 
ear mechanism In the cat From Reference 10 

fluid system 1 the cancelling effect of equal-intensity, m- 
phase sound entering by the two windows is overcome by 
increasing the intensity in one window by 30 db over that m 
the other, 2 the loss m transmitted energy due to the an- 
liquid inteiface is overcome by matching the pioperties of air 
to those of the densei liquid, and this apparently is just what 
the middle ear does 

To see whethei the middle eai is actually pei forming this 
function, and if so, how efficiently it is accomplishing the 
impedance match, we can again resort to an animal experi¬ 
ment, recoiding the electucal responses of the cochlea undei 
conditions m which the eai is normal and those m which the 
middle ear is removed Fig 6 represents the loss, m the cat 
ear, resulting from lemoval of the middle eai structures up 
to the stapes The loss is not the same for all fiequencies, 




INTERNATIONAL CONFERENCE ON AUDIOLOGY 


339 


structures by a tone of the same fiequency, but adjustable m 
intensity, applied tluough the round window A determina¬ 
tion of the current m the cancelling receivei gave a measure 
of the volume displacement He then repeated the balancing 
process aftei removing all of the middle-eai structures, in¬ 
cluding the stapes and lound window, by conducting the 
sound directly to the fluids of the innei eai through the oval 
and round window openings These results showed consider¬ 
ably larger volume displacements at low frequencies than 
before, but their magnitude showed a progressive decrease as 
the frequency was laised until, at the highei fiequencies, 
they became smaller than m the intact ear 

Fletcher 4 divided the fust set of values by the correspond¬ 
ing ones m the second set, and legarded the quotient as repie- 
sentmg the transformer ratio of the middle ear The calcula¬ 
tions, which he intei preted as demonstiatmg a middle-eai 
piessuie 1 eduction foi frequencies below 650 cps, are pre¬ 
sented as curve a of Fig 8 He saw advantages m this sort 
of action m that the system would discriminate against dis¬ 
turbing low fiequencies, and on the basis of this it has been 
suggested that the middle ear does not at all act like an 
impedance-matching tiansformer, however, m this same 
senes of experiments, Bekesy made some othei measuiements 
that moie accuiately reflect the action of the middle ear In 
this instance the second measurements were made with the 
drum membiane and outer ossicles removed but with the 
stapes left in the oval window and with the round window 
membrane intact 

When the values of volume displacement for the intact 
ear are divided by those foi the above conditions we have a 
curve, b m Fig 8, that is m better accord with the eailiei 
results and testifies to a useful tiansformer action of the 
middle eai foi all frequencies 

It is obvious from these determinations, and those showing 
the contribution of the middle ear to sensitivity, that the ad¬ 
vantages are not the same for all frequencies The middle eai 
is not a truly high-fidelity device, but it does remarkably 
well Three forms of distortion, found m all forced-to- 
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not be veiy aecuiate because of the difficulty of deteimining 
accuiately fiom an optical level the excuision of a vibration 
when the axis of lotation of the mmois is not known, nevei- 
theless, the figuies aie close enough to indicate that the 
principles descubed aie the light ones 

Measurements of the tiansformei latio, which have been 
made on human cadaver matenal, show that these figuies 
aie fanly aecuiate Bekesy 1 diamed out the fluid of the mnei 
eai, dissected away the cochlea, and then applied sound to 
the mnei suiface of the stapedial footplate This he adjusted 
m intensity and phase so as to cancel the effects of anothei 



FIs' 7 The transformer ratio of the human (cadaver) ear according to 
Bekesi 1 From Reference 10 


sound of the same fiequency introduced at the dium mem- 
biane A capacitative piobe neai the suiface of the stapes 
showed when cancellation was complete Fiom these he 
obtained a tiansformei latio of 10 at 100 c p s, using to 18 
at 2200 c p s and then lapidly falling This is shown m Fig 
7 Now the level latio and aieal latio of the middle eai will 
not change with fiequency, so the vanations m the tians- 
foimei latio can piobably be attubuted to the influence of 
the mheient lesponse properties of the ossiculai chain 

At this point we must mention some othei intei pi etations 
made on the basis of anothei expenment leported by Bdkesy 
m 1942 2 In this instance he measuied, also on cadavei speci¬ 
mens, the volume displacement of the lound window foi a 
numbei of conditions In the fust of these he cancelled out 
a tone applied to the mnei eai thiough the intact middle-eai 
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Fig 9 shows the phase shift mtioduced foi fiequencies fiom 
100 to 10000 cps by the entue middle eai Positive values 
indicate a phase lag mtioduced by the ossiculai chain The 
amount of phase variation is quite model ate foi fiequencies 
below 5000 cps, and then glows gieatei and more vanable 
foi the highei fiequencies Actually these phase changes 
lemain constant at the diffeient frequencies and so, of couise, 
make no noticeable diffeience to hearing Smce the sound 



being tiansmitted by this loute to the oval window is moie 
intense by about 30 db than that leaching the round window, 
any mnei-eai effects due to the phase difference aie neg¬ 
ligible When the middle ear is lemoved, liowevei, so that 
this advantage is lost, any phase shift m one window relative 
to the othei makes a gieat deal of diffeience, as was described 
earlier 

Measuiements made of phase changes attributed to action 
of the stapes aie shown m Fig 10 These vaiiations aie 
small, never exceeding 15 degiees below 5000 cps, but as 
shown m Fig 5 it takes very little shift fiom the cancellation 
point to impiove the situation This demonstiation of the 
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vibxate devices, that have been extensively studied m the 
middle-eai response to acoustic vibiations aie fiequency, 
phase and non-hneai 01 amplitude distortion 

The fust of these, fiequency distortion, is lllustiated m 
Fig 6 This cuive lepiesents the fiequency lesponse foi the 
middle eai of the cat Like any othei device, when foiced 
to vibiate, it exerts its own resonance properties into the 
vibiation and so alters the fiequency chaiactenstics In 
the human eai this middle-eai fiequency distortion is le- 



Flg 8 The pressure amplification afforded b> the middle-ear mechan¬ 
ism as derived from the observations of Bekes - ! Curte o shous the re¬ 
sults of Fletchers computations and cune b those of We'er and ha"' 
rence 10 

d 

fleeted, along with many othei healing phenomena, m the 
sensitivity curve 

Whenevei theie is fiequency distortion due to the chai- 
actenstic mass and stiffness pioperties of the driven stiuc- 
tuie, phase differences are also mtioduced into the vibiatory 
lesponse This means that as the sound at the tympanic 
membiane leaches a positive-pressuie peak oi a negative- 
pi essure peak the ossiculai chain lags behind oi, m fact, may 
appear to precede the movements of the air-bome vibiation 
Thus the chain of middle-ear bones mtioduces phase dis¬ 
tortion, not only by shifting the phase but also by doing it 
differently and in varying amounts ovei the fiequency range 

By employing a stimulating system similar to that descubed 
foi studying the effects of diffeient phase relations at the 
oval and lound windows we can find out how much the 
middle eai shifts the phase foi various stimulating tones 
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Fig - 11 The intensity function for the cochlear response recorded from 
the round window of the cat. The limit of linearitj denotes the point In 
the response where it Is no longer proportional to changes In the stimulus 
intensitv From Reference 10 

vibiation is transformed into the lecorded electiical lesponse 
We would like to know then, what structure or pi ocess bi mgs 
on this departure fiom lineality and specifically, foi oui 
discussion here, we would like to know whether the conduction 
pi ocess in the middle eai is responsible for this 
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phase chaiacteiistics of the stapes selves to emphasize the 
importance of establishing a favorable phase lelationship 
between the two windows duimg any reconstiuctive suigeiy 
of the middle eai perfoimed for the puipose of lmpiovmg 
the healing 

The thud type of distortion concerns the ability of the 
stiuctuies to follow mci eases in amplitude of the duvmg 



vibiation A chaiactenstic of the electiical lesponse of the 
cochlea in response to a puie tone is that as the sound ampli¬ 
tude is increased the electrical output mci eases piopoition- 
ally ovei a chai actei istic lange, and then departs fiom this 
stiaight-hne function until finally it leaches a maximum 
The point at which the response becomes no longer propoi- 
tional to the amplitude mci eases of the stimulating sound is 
called the "limit of lineality,” and the point at which theie 
aie no mci eases m lesponse to furthei increases of stimulus 
is called the "maximum,” as shown m Fig 11 The electiical 
lesponse lecoided in this instance leflects not only the tians- 
mission of sound thiough the middle eai and thiough the 
fluids of the mnei eai, but also the process by which this 
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The evidence gatheied ovei the last few veal's has shown 
conclusively that the innei ear is lespomsble foi this eaily 
departuie fiom a linear lesponse One way to study this 
is to lecoid the magnitude of the electrical response as well 
as its wa\e shape, and compaie this to the wave shape of the 
stimulating sound and that of the sound after it has been 
lelayed by the ossicular chain to the fluids of the innei ear 
and escapes from the round window A compaiison is made 
in Fig 12 The wave shape of the sound coming fiom the 
round window is still undistorted to a level of stimulating 
sound that has bi ought about se\eie wave form distortion 
m the eleetncal lesponse If distortion had occuned in the 
middle ear this would have been transmitted through the 
fluids to the lound window 

Another test foi the locus of tins amplitude distortion has 
been made by applying a vibrator, fust to the umbo of the 
malleus then to the head of the stapes, and recording the 
cochleai response m both instances If the middle eai is 
lesponsible for this type of distortion, departure fiom lineal¬ 
ity should occur at a lower lesponse level when the middle 
eai is present than when it is removed Results aie shown 
in Fig 13 The limit of linearity occurs at the same lesponse 
level for both methods of stimulation, indicating that the 
middle eai is not responsible Smce the middle-ear lever, 
which reduces stapes amplitude while increasing piessuie is 
lemoved in one instance, the lesponse thiough the stapes 
alone is greatei for equal sound piessures than the response 
aftei traversing the ossicular chain 

It is true that if the middle eai is driven hard enough it, 
too, will become non-linear but not until a level of sound lias 
been reached that would have destroyed the inner eai, and 
nothing seems to affect this ability of the middle ear to le- 
spond linearly over a comsderable range of sound intensities 
The middle ear can be filled with fluid or the stapes ankylosed 
and, although sensitivity is lost, the middle-ear dynamic range 
is very little affected 

In the process of conducting sound fiom the external meatus 
to the fluids of the innei ear the tvmpamc membrane and 
ossicular cham do not only an amazingly efficient job of 



344 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 



0.1 1-.-1-i_i_i_ l_,_i_i_i_.-1-■——i 

—40 - 20 0 20 40 60 80 100 

Intensity decibels 

Fig 12 The intensity function for the cochlear responses of the cats 
ear with a display of -wave forms of this response at different levels The 
Intensity scale Is In decibels relatly e to 1 dyne/cm (74 db aboye 00U4 
dyne/cm ) The points of measurement along the curve are numbered 
and from 6 on each has adjacent to It an oscillogram of the cochlear re¬ 
sponse obtained For these vates the amplification of the oscillograph 
was constant up to point 9 and then was reduced and held constant there¬ 
after for points 10 to 26 In two columns below are oscillograms for some 
of the sounds entering the ear at the meatus and also for sounds picked 
up from the round tvlndow In recording- these sounds the amplification of 
the oscillograph kvas constant for each block of pictures but was yaried 
betyyeen blocks From Reference 10 
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matching the piopeities of an to those of the dense penlymph 
so as to mtioduce sound with a minimum of loss, but do so 
ovei a Made iange of fiequencies with no amplitude distor¬ 
tion within the range of mnei-eai lesponse and with toleiable 
fiequency and phase distortion 
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DISCUSSION OF DR LAWRENCE’S PAPER ON 
“PROCESS OF SOUND CONDUCTION ” 

Henning E von Gierke * 

The starting point foi any senous discussion is a point of 
disagi eement, of doubt, oi a question maik It would be 
very hard to pick out such a point fiom Di Lawience’s ex¬ 
cellent presentation I think it became quite cleai fiom his 

„ e I° ? I A , ?! C F l nr^ 1 R»«e 0 0 h i eh 1 Alr De ' elopment Center Wright- 
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Fig - 13 The cochlear response recorded from the round Tvindow in re¬ 
sponse to mechanical \ ibration at a frequencj of 1000 cps of the stapes 
and the malleus The limit of linearity occurs at the same response 
le\el in both Instances From Reference 10 
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piesentation that oui physical undei standing of the conduc¬ 
tion mechanism is fanly good, that we are in the position 
to give aveiage quantitative numbeis to the diffeient com¬ 
ponents of the transmission system, and that in tins part of 
the auditoiy mechanism the various hypotheses have been 
almost completely leplaced by measured facts This does not 
mean that theie is not much room left for very worthy and 
interesting refinement It simply means that theie are no 
big sui puses waiting to be discovered 

Let me add a few woids to lefme oui pictuie of the physical 
purpose of the middle eai Since the acoustical properties of 
human tissue are very close to the acoustical properties of 
watei, a very simplified statement of the middle eai’s task 
is that it has to match the impedance of air to the impedance 
of watei (Undei impedance we understand the latio of the 
duvmg sound pressuie to the velocity of the resulting motion, 
a measuie of mobility Depending on the phase between 
piessuie and velocity, the impedance can be a mass reactance, 
an elastic reactance 01 a frictional lesistance, or a combination 
of these thiee elements ) This impedance of watei or tissue 
is a well known constant only if we have undisturbed sound 
piopagation m an almost infinitely laige medium This is 
piactically never the case for sound m tissue and, theiefore, 
the impedances of the middle and mnei eai do not so much 
depend upon the acoustical constants of the tissue as they do 
upon the geometi ical shape and the boundaries of the elements 
involved Foi example, a blocking of the round window 
with an otheiwise completely intact conduction mechanism 
would change the impedance 01 mobility at the ova 1 window 
considerably, and consequently also the impedance at the 
tympanic membiane 

To lllustiate this point, impedance values measuied at 
various locations m the eai and on the body surface aie 
shown m Fig 1, together with the impedance of an infinite 
watei oi an medium Curve a, lepiesents the impedance of 
a small cncular aiea (of approximately the same size as the 
tympanic membiane) at the suiface of soft tissue, as meas- 
uied ovei soft muscle and skin 0 It is mainly a mass leactance, 
mcieasing with fiequency We see that this impedance is 
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\olume of this cavity, we measuie impedances of the geneial 
shape indicated m Fig 1 bv the impedances foi an volumes 
of one and two cubic centimeteis Onl> heie m this legion, 
vvheie the middle eai mcieases the tiansfoimed mnei eai 
impedance, the middle eai tiansformer does not act as an 
“ideal tiansfoimei ” 

This elasticity of the middle eai cavity, togetliei with the 
elasticity of the tvmpamc membiane itself aie the leasons 
why the impedance measuiements at the tympanic membrane 
hav e onh limited value foi diagnostic purposes, not all acous¬ 
tic eneigv lecened bv the tvmpamc membiane is conducted 
to the labvnnth On the other hand impedance measuiements 
aie almost the onlv objective examination method available 
to make a real measuiement of the sound conduction mechan¬ 
ism m vno It is legiettable that so fai this method has 
nevei been lefmed and mipioved, so that it could be elimcallv 
applied to those cases foi which its usefulness has been proven 
in pimciple the diagnosis of conduction impairments 3 

On Fig 2 the absoiption co-efficients lesultmg fiom the 
impedance values of Fig 1 aie shown The absoiption co¬ 
efficient indicates the peicentage of the incident an borne 
sound eneigv that is absoibed bv the tympanic membiane 
(Cui\es a b c) and conducted to the innei eai, oi absoibed 
bv soft muscle tissue (foi example uppei arm, Cuive d) oi 
bone (Curve c) Curve f indicates how little eneigv of a plane 
an borne sound wave is tiansnutted tlnough a boundary be¬ 
tween ail and watei It should be noted heie that m manv 
cases, as Metz 3 has shown, conduction impairments m persons 
having noimal tvmpamc membianes aie detectable bv a de- 
ciease of the absoiption co-efficient measuied at the tympanic 
membi ane 

The absorption co-efficient shown m Fig 2 foi bonv sti uc- 
tuie, Curve e can haidh be used to calculate the tlneshold of 
bone conduction It gives only the eneigv absorbed bv the 
surface of the foiehead, and does not tell us how much this 
eneigv is attenuated m the bone on its wav to the innei eai 
Most of this eneigv is aheady absoibed in the skin and not 
tiansmitted to the bone itself, theiefoie, whereas the eneigv 
absoibed at the tympanic membrane, Curves a, b, c, is, at 
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considerably below the impedance foi plane eompiessional 
waves m watei, Cuive b, which is so often cited as the ap- 
pioximate impedance of tissue to which the middle eai tians- 
foimei has to match the impedance of the ail, Cuive c The 
leasons foi the diffeience between Cuives a and b aie not so 
much the diffeiences m the properties of tissue and watei, 
but they aie the boundanes of the medium and the type of 
wave piopagation set up in it Ovei the whole audio-fiequency 
lange we haidly evei find compiession waves in the body 
tissue, we always have sheai waves and surface waves, 
which have diffeient piopagation velocity, absoiption and 
wave length 0 I think this fact cannot be stiessed enough 
m discussing piopagation of sound waves thiough tissue. 
Let us now look at the impedance of the cochleai fluid alone, 
Cuive d, as measuied by von Bekesy ' We see this impedance 
is quite similai to the impedance of soft tissue If we add 
to this fluid the elastic membiane of the lound window 
we obseive on the lesultmg impedance, Cuive e, the follow¬ 
ing Foi the lowei fiequencies the elastic component de- 
teimines the impedance,* and this impedance is veiy similai 
to the impedance of othei bony stiuctuies of the body As 
an example, the impedance measuied on the foiehead is 
plotted as Cuive f 1 -, so we see the impedance values of 
the cochlea aie of the same oidei of magnitude as the 
impedance of othei body tissues The impedance meas¬ 
uied at the footplate of the stapes, given by Cuive g, was 
obtained by von Bekesy 6 If we now multiply this impedance 
with the squaie of the piessuie tiansfoimation latio of 
the middle eai, as discussed by Di Lawience, we obtain, 
as the impedance at the tympanic membiane much lowei 
values of the impedance, Cuive h These impedance values, 
calculated fiom measuiements on human cadaveis, agiee 
veiy nicely with the impedance measuiements (Cuives i 
j, L) made in vivo at the tympanic membiane by seveial 
mvestigatois J 8 0 Only at low fiequencies is the impedance 
measuied at the tympanic membiane deteimined by the im¬ 
pedance of the tympanic cavity which exceeds the tiansfoimed 
impedance of the mnei eai, Curve h Depending upon the 

♦Some of the statements made here about the phases of the impedance 
ie if theT. beha’ve like masses or elasticities are not direct conclusions 
from Fig: 1 but follow from the original in% estimations 
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to the mnei eai by bone conduction, is appi oximately 50 to 
60 db below the an conduction thieshold In Fig 3 some 
hearing thieshold measuiements aie shown when the sound 
stimulus was exciting diffeient aieas of the body 7 The data 
aie plotted with lefeience to the an conduction thieshold It 
is lemaikable how lelatively little diffeience one obseives m 
stimulating diffeient aieas of the body This indicates that 
the mam loss occuis at the tiansition surface 



Fig 3 Threshold of hearing for airborne sound received bj different 
areas of the bod\ relative to the air conduction threshold 


I do not want to go deepei into the pioblem of bone con¬ 
duction here, and I think it was no accident that Di Lawi ence 
omitted details on it It is actually deploiable how little exact 
physical information we have about the bone conduction 
pathways m the tissue and about the details of how the bone 
conducted sound acts on the cochlea Since it has been shown 
that impedance and skull lesonances, measuied on skull piep- 
aiations, can be 1 elated reasonably well to m vivo measuie¬ 
ments, such measuiements should be possible with electio- 
acoustic methods and tools 

The physical descuption of the mechanical conduction 
mechanism is not solved until we can descube the stimulus 
deliveied to the electi o-mechanical tiansduceis Von Bekesy’s 3 
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Fig 2 Acoustic energy transmission through the tympanic membrane 
and other human body surfaces in per cent of incident sound energy 


least at the highei fiequencies, almost completely transmitted 
to the cochlea, roughly only 1/1000 oi less of the energy re¬ 
ceived by the foiehead leaches the mnei eai This explains 
why m a free sound field oui threshold for anbome sound, 
leceived by body areas other than the ears and transmitted 
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which suppoits the oigan of Coi*ti Any hmdiance to the 
passage of sound waves down the external auditoiy meatus, 
acioss the ossiculai chain of the middle eai cleft to the oval 
jvmdow, and finally thiough the labynnthme fluids to the 
basilai membiane, will cause an impaiiment of healing even 
though the organ of Corti and VUIth nerve aie noimal, 
fuitheimoie, the degiee of deafness is a measuie of the ef¬ 
fectiveness of the block which ma> be such that an borne 
sound waves aie pi evented fiom leaching the oigan of Corti 

A simple plug of ceiumen in the externa] auditoiy meatus, 
paiticulaily if it hinders the flee excuision of the tympanic 
membiane, deserves pnde of place as the commonest cause 
of conductive deafness An effusion into the tympanic cavity, 
a vacuum within the middle eai space due to Eustachian 
insufficiency, or solid mattei in the shape of adhesions 01 
giowth may also impede the tiansmission of sound, but the 
most effective, and next to ceiumen the most common cause 
of conductive deafness, is found when tlieie is an mterfeience 
w ith the normal mechanism wheieby sound waves entei and 
leave the labynnth by means of the oval and lound windows 
In the Eighteenth Century Valsalva, Moigagni and Meckel 
all lecogmzed stapes ankylosis as a cause of deafness, and 
late m the Nineteenth Century Politzei gave it the name 
otoscleiosis 

Moie lecently it has been appieciated that any mterfeience 
until the normal phase lelationslnp between the oval and 
lound windows may affect the transmission of sound to the 
mnei eai This may happen if the eai dium is pel foiated 
so that the incoming sound waves fall moie 01 less simul¬ 
taneously on the two window s, thus cancelling each othei out 
The leason why the eailiei opeiations foi the relief of deaf¬ 
ness due to otoscleiosis by means of an opening into the 
lateial semi-cnculai canal weie so laiely lewaided by suc¬ 
cess is that the opei ated ai ea was closed up so that incoming 
sound waves fell with moie 01 less equal and simultaneous 
piessuie, both on the lound window and on the new window 
m the lateral semi-cnculai canal 

Souidille was the fust to devise an open opeiation so that 
the incoming sound waves weie fiee to pass thiough the new 
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obseivations, and his measuiements of the mechanical con¬ 
stants of the cochlea, gave us the physical undei standing and 
led to the theones descubmg the mechanics of the cochlea in 
geneial teims Fmei, but also impoitant, details like the 
location and cause of nonhneai distortions and the mechanical 
eneigy finally tiansmitted to the hail cells aie still veiy fai 
fiom a solution It looks as though a new tool must be found 
to obtain access to these dimensions, and this tool might well 
be the electucal activity of the mnei eai itself Di Law- 
lence’s discussion of the distortion pioblem and the investiga¬ 
tions we aie looking foiwaid to healing about fiom Di Davis 
and his co-woikeis, indicate that fuithei undei standing of 
the electucal potentials might give us the tools to make an- 
othei step ahead in measunng the mechanical conduction 
mechanism 


REFERENCES 

1 Fiunki E K The Response of the Human Skull to Mechanical 
Vibiations WADC TR 64 24 Noiember 1954 

2 FrvmyF E K Response of the Human Skull to Mechanical Vlbra 
tlons Join Acoust Soc Aincr 28 1277 1956 

3 MET7 Otto The Acoustic Impedance Measured on Noimal and 
Pathological Eais Acta Oto Laryngol , Supp 63, 1946 

4 Troegeh J Die Scliallaufnahme Duich das Aeusseie Ohr Pints 
Zcits 31 26 1930 

5 vok BSkHisi G The Vibiation of the Coclileai Paititlon in An 
atomical Pi eparations and In Models of the Inner Ear Jour Acoust Soc 
Amet 21 233, 1949 

6 Vok Gierke, HE kt \r Phi sics of Vibiations in Living Tissues 
Jour Appl Physiol, 4 886 1952 

7 Vox Gierke, H E Personal Protection Noise Control, 2 37 1956 

S W \ETzir\NK, E and Keids L Hoeisclniellenbestimmungen mit dem 
Tlieimophon und Messungen am Tiommelfell Ann (1 Pliys 26 141 1935 

9 Zwislocki, J Some Measuiements of the Impedance of the Ear 
drum Toni Acoust Soc Aviei , 29 349 1957 


SOME CLINICAL FEATURES OF SOUND CONDUCTION 

Terence Cawthorne, 

London, Eng 

The sound conducting pait of the auditoiy mechanism ex¬ 
tends from the side of the head to the basdai membiane 
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than to meversible degeneiative changes m the cochlea 01 
Vlllth nerve 

In support of this view it mav be mentioned that in many 
of these patients with so-called “mixed deafness,” the re¬ 
sponse to speech, providing that it is loud enough, is the same 
as m uncomplicated conductive deafness, whereas we know 
that m most cases of end-oigan 01 nerve deafness the response 
to speech is quite diffei ent I do not belie\ e that m advanced 
otoscleiosis the oigan of Coiti or the cochlear nerve are, be¬ 
cause of certain conventional tests, necessarily at fault The 
acid test m all these advanced cases is whethei thev are able 
to understand amplified speech So long as they can do tins 
tlreie is leason to hope that the oigan of Corti will lespond 
to any sounds that are able to reach it 

Now foi anothei aspect of the conduction of sound waves, 
this time within the labyimth Ij-efei to the Tullio phenom¬ 
enon, which lelies foi its effect upon a vestibular response 
to an acoustic stimulus Tullio ongmally pioduced this effect 
by making an opening into the lateial semi-cn culai canal of 
pigeons, and then observing that m 1 espouse to a loud sound 
theie was a typical vestibulai lesponse of the eyes and the 
head 

Just befoie the Wai, I made an opening into the semi- 
cn culai canal of a patient with Menieie's disease The stapes 
was fiee to move, and the labynnthme stauctuies weie intact 
The following short extract of a film taken m 1989 shows 
what happened The small light attached to the eai phone 
lights up when a sound of 80 db is on It will be noticed 
that on the unopeiated side nothing happens when the bulb 
lights up, but on the opeiated side it is followed by a devia¬ 
tion of the eyes and head You may veil ask, why does this 
not happen aftei every fenestration operation 9 The leason 
is that the stapes is not fiee to move If it weie, and I have 
seen it m patients who weie submitted to a fenestration opeia- 
tion foi peiceptive deafness when the stapes was mobile, 
then this distressing effect is seen—distressing because m 
seveial cases I have had to destroy the labyimth m ordei to 
lelieve the patient of troublesome veitigo 
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window m the lateial canal, while the lound window was 
shielded by the tympanic membiane Sojurdille’s multi-stage 
pioceduie was simplified and impioved by Lempert, whose 
fenestiation opeiation has become the standaid surgical pio- 
ceduie foi the lelief of deafness due to otoscleiosis Once 
the sound waves have enteied the labynnth they may be 
hindeied by abnoimal conditions of the fluid theiem It has 
been suggested that the vanable low tone deafness m Memeie’s 
disease is due to the mci eased piessuie of endolymph intei - 
feimg with the piopei excuision of the basilai membiane 

One of the problems facing the auial suigeon when an 
otoscleiotic patient piesents himself hopefully as a candidate 
foi fenestration, is to estimate the chances of success Ob¬ 
viously if the oigan of Coiti itself is also defective, no opeia¬ 
tion to enable sound to le-entei the labynnth, no mattei how 
well it is earned out, will help if the oigan of healing is 
incompetent In consequence suigeons have been chaiy of 
opeiatmg on any patients who exhibit any of the classical 
signs of perceptive deafness 

Now, as the movement of the stapes footplate m the oval 
window m lesponse to sound becomes moie limited as the 
otosclerotic bone spieads, a time must suiely arnve when it 
will move haidly at all, even in lesponse to poweiful acoustic 
piessuies The effect of this will be to pi event the tians- 
mission of sound waves thiough the oval window With 
only one window woikmg but little effective sound is likely 
to leach the end-oigan of heaung, and m consequence signs of 
cochleai insufficiency will be added to those of defective 
transmission, even though the cochleai end-organ is intact 
and leady to lespond to any sound which may be peimitted 
to leach it Most of us have been biought up to believe that 
m advanced otoscleiosis cochleai changes take place Stacy 
Guild has shown that m the tempoial bones of advanced 
otoscleiotic deafness which he examined, theie weie no moie 
histological changes m the oigan of Corti and VUIth neive 
than could be accounted foi by age, theiefoie, it seems to 
me that we must levise oui view of advanced otoscleiosis 
and legald the piofound deafness as being due to inability of 
sound to leach an otheiwise noimal oigan of hearing rather 
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Di Heimich G Kobrak, Wavne TJniveisity School of Medi¬ 
cine, Detroit, Michigan, piesented a film on sound conduction 
m the ear Unfortunately, due to Ins unexpected death a 
description of the film is not available 


TRANSMISSION AND TRANSDUCTION 
IN THE COCHLEA * 

Halloiyell Davis, 

Cential Institute foi the Deaf, 

St Louis, Mo 

My portion of our symposium deals with the cochlea as a 
sense oigan The domain extends fiom the oval window to 
the internal auditorv meatus Di Lawrence has told you 
how sound is conducted to the inner eai, and Drs Galambos, 
Tasaki, Neff and otlieis will pick up the story of the nerve 
impulses that emerge from it 

My story bleaks into two majoi parts the fust is acoustic 
analysis, the second is nemal excitation These follow one 
another logically in the sequence of transmission and then 
tiansduction They also follow in the ordei m which thev 
have commanded scientific intei est m the past and m legard 
to the extent of oui present knowledge and understanding 
Each part is piimarily concerned with one of the two major 
dimensions of the acoustic stimulus Acoustic analysis is 
concerned with how infoimation concerning fiequency is 
"coded” for transmission This has been the histone and 
almost exclusive subject of the “auditory theory” of psychol¬ 
ogists, but peisonallv, as a physiologist, I am now even more 
interested m how, legaidless of fiequency, the eai can en¬ 
compass its tremendous dynamic lange, how it can lespond 
to movements of its tvmpamc membrane of sub-molecular 
amplitudes, whether theie is a biological amplifiei that 
stands between the movements and the nerve impulses, and, 
if so, how it operates 

•Prepared under Contract X6onr 272 (03) between Centra] Institute for 
the Deaf and the orrtce of Natal Research Reproduction in whole or In 
part ts permitted for ant purpose of the United States Government. 
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One final woid about the footplate of the stapes m otosclei- 
osis I have tested its mobility at opeiation using the dissect¬ 
ing micioscope in many cases, and I have also inspected the 
lound window niche 

In veiy advanced cases of otoscleiosis with piofound deaf¬ 
ness, the footplate and the distal part of the ciuia may be 
literally buned m otosclerotic bone, and occasionally I have 
found the lound window niche also to be blocked by otosceiotic 
bone On the othei hand, m patients whose deafness is not so 
seveie theie is often some movement in the stapes, and I 
have been able to obseive movement of the lound window m 
lesponse to piessuie on the stapes 

In the Wernhei Reseaich Unit on Deafness at King’s 
College Hospital Di Littlei and, I have been trying to measuie 
the impedance of the stapes m otoscleiosis, and this woik is 
still m piogiess 

Regaiding the lelatively new pioceduie called mobilization 
of the stapes, which has been lecently re-inti oduced by Di 
Rosen of New Yoik, this is aiousmg gieat interest eveiy- 
wheie, and theie is no doubt that it woiks m a proportion of 
cases My impiession so fai is that it is most likely to be 
successful when the hearing loss foi puie tones does not 
exceed 50 db, and bemg such a slight piocedure, it can be 
justifiably lecommended when only one eai is affected An 
impoitant point is that if it is unsuccessful it does not m any 
way piejudice the chance of a subsequent fenestiation opeia¬ 
tion Though it is a ramoi opeiation fiom the patient’s point 
of view it is fai fiom easy, and I feel that those who piactice 
it should also be piepaied to go thiough with a fenestration 
opeiation subsequently, should it not succeed 

New and beautiful plastic opeiations foi the lepan of 
perforated eai diums, and foi the lestoiation of the ossiculai 
chain on eais damaged by foimei infection, repoited by 
Zollivei and Wullstein, are attiactmg much attention, also 
the piovision of an external meatus and middle ear for chil¬ 
dren bom with aplasia of the sound conduction mechanism is 
now an established proceduie 
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single neive fibei The oveiall task of the cochlea is to match 
this many-channeled single-valued communication system to 
the single contmuously-vanable channel of the open air, and 
then to code the particulai acoustic signals m terms of pat¬ 
terns of nerve impulses (I hope that Di Licklidei will tell 
you whethei I have used Pi of Gaboi’s terms “matching” and 
“coding” coirectly, and also how modem auditory theory 
combines the place pi mciple, the frequency pi maple, and the 
all-oi-none pi mciple ) 

Seveial secondary pi maples, 01 piopositions of physiology 
and biophysics, can be added m desciibmg cochleai actions 
Some are old, some aie new, but all have been greatly illumi¬ 
nated by recent anatomical studies or physiological experi¬ 
ments A few of these I shall discuss with you to the extent 
that time permits One of these will be the complexity of the 
fine movements of the cochleai partition Bekesy has visual¬ 
ized them and finds them fai more complicated than we had 
pieviously assumed Likewise the electiical 1 espouses are 
moie vaiied and more complex They include not only the 
familiar cochlear miciophome but also one and probably two 
DC lesponses to AC stimulation The ear acts as an acoustic 
rectifiei and mtegratoi, and the “summatmg potentials” are 
the electrical signs of this action The endolymph has a 
unique chemical composition, and the endolymphatic space is 
strongly charged electrically lelative to its sunoundmg tis¬ 
sues, but we shall heai evidence tomoirow that these unusual 
properties aie not dependent upon one another We can now 
see anatomical details of hair cells, nerve endings and sup¬ 
porting cells to a new ordei of magnification with the electron 
microscope, but the secret of then mechano-electric trans¬ 
ducing or amplifying action is not levealed by it The inner¬ 
vation of the hair cells is a complicated network, with contacts 
of many cells to a fiber and several fibers to a cell More 
recently the efferent charactei of the bundle of Rasmussen 
has become clear, and Di Galambos will tell you how it 
modifies the sensitivity of the auditory receptors Here, m 
a feed-back control from the central nervous system, is a 
really new principle of cochlear action 

Enough of generahties and previews Let us look rapidly 
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Thanks to the monumental woik of Pi of Geoig von Bekesy, 
who should be telling you m peison his half of this story, we 
know quite definitely the gioss pattern of movement of the 
cochleai partition This is the now-famous tiavehng wave 
pattern, which many of you saw lllustiated m Pi of Bekesy 1 s 
motion pictuie Equally well established is the pioposition 
that the extent of the tiavehng wave pattern along the coch¬ 
leai partition, and the position of its maximum of displace¬ 
ment both vaiy with the fiequency of the sound waves Thus 
the cochlea does act as an acoustic analyze! The apical end 
of the cochleai partition is moved and its sensory neives are 
stimulated only by low fiequency sounds, and those at the 
basal end neai the lound window aie stimulated by all sounds 
(of modeiate strength) whethei low, medium 01 high m fie¬ 
quency This is not the exclusive one-f 1 equency-to-one-place 
pattern of the piano keyboaid, but it is a definite -place prin¬ 
ciple of cochlear action, and it is not a mattei of speculation 
but of obseivation Bekesy has seen it hundieds of times in 
actual cochleas and m models, and we have venfied it time 
and again with our electrical lecoi dings 

At the same time the cochlea also opeiates, within limits, 
on the telephone 01 fiequency punciple Nerve impulses tend 
to gioup m successive volleys that lepioduce the fiequency of 
the stimulating sound waves Up to the natural limit set by 
the lefractoiy penod of the neive fibeis, by the vai lability 
of then latency of dischaige, and by the tempoial dispelsion 
mtioduced by the tiavehng wave pattern of cochleai action, 
the neive impulses cany information about fiequency dnectly, 
accoiding to the fiequency punciple Wevei postulated his 
volley punciple of fning-m-tum as an accessory to the basic 
fiequency punciple, and was pioved light expenmentally by 
Galambos and again by Tasaki They will give you some of 
their details of the stoiy latei 

I have alluded above to a majoi principle of neivous trans¬ 
mission namely, the nerve impulses aie all-oi-none An- 
othei is that m the nerve axons they travel in insulated chan¬ 
nels They are triggered by the stimulus, but their eneigy 
is piovided by the fibeis Their maximum sustained fre¬ 
quency is two to three hundred impulses per second m a 
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biane As a result of this vaiiation, the stiffness (“volume 
elasticity”) of the cochlear partition vanes by a factor of at 
least 100 from one end to the othei 

The cochlear partition has significant stiffness and also 
mass Contrary to earlier opinions, it is not undei tension 
When cut, the edges do not retract The movements of the 
paitition, like those of the middle ear, are quite heavily, but 
not critically, damped Because of the gradation m stiffness 
and mass, diffeient parts of the basilai membrane have dif¬ 
ferent resonant frequencies, but the various parts cannot move 
as independent resonatois The basilar membiane, and the 
oigan of Corti on it, are continuous structures Their ele¬ 
ments are coupled to one another elastically and also by 
friction The endolymph and the perilymph provide some of 
the friction 

TRAVELING WAVE PATTERN OF THE COCHLEAR PARTITION 

An increase of pressuie on the footplate of the stapes, 
caused by a sound wave, causes a wave of acoustic piessure to 
spread through the fluid m the cochlea with appioximately 
the speed of acoustic transmission m water, about 1500 m/sec 
Because of the small size of the cochlea, the increase m pres¬ 
sure is virtually simultaneous throughout The only elastic 
portion of the walls of the bony labyrinth is the round window, 
and its membrane bulges outward and allows inward move¬ 
ment of the stapes Fluid moves fiom oval window towaid 
round window The cochlear partition lies m the path of 
this movement, and it bulges toward the round window If 
the movement is very slow, there will also be some flow 
through the helicotrema, but all parts of the cochlear parti¬ 
tion do not move with equal promptness The relatively stiff 
portion m the basal turn moves very neaily m phase with the 
driving force, but the more flexible apical portions, particu¬ 
larly those whose resonant fiequency is lowei than the fie- 
quency of the acoustic wave that is duvmg the partition, 
tend to lag behind As the acoustic wave leverses its pressure, 
the portion that is “tuned” to lowei fiequencies tends to over¬ 
shoot and continues to lag behind the driving force exerted 
on it by the acoustic pressure in the fluid Thus, because of 
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Fig- 1 Diagram of the human basilar membrane show ing the approxi¬ 
mate location of the regions of maximum amplitude of mo\ement for tones 
of different frequency The width of the membrane is exaggerated relative 
to its length In order to show the widening more clearly (Stuhlman) 

at some of the details We are all audiologists, so I shall not 
take time to leview the familial basic anatomy of the cochlea, 
but in Di Bekesy’s absence I shall lecall buefly the story of 
the tiavelmg waves, and then pass on to some of the fmei 
details 

MECHANICAL PROPERTIES OF INNER EAR STRUCTURES 

In the mnei ear the basilai membiane widens giadually 
fiom 0 04 mm at the stapes to 0 5 mm at the helicotiema 
Ceitam othei measuiements, such as cioss section of the 
cochleai canal and relative sizes of certain types of cell m 
the oigan of Corti, aie also graded fiom end to end, but the 
impoitant vanation that allows the cochlea to act as a me¬ 
chanical acoustic analyzei is m the width of the basilar mem- 
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mg -nave moves on towaid the apex The velocity of tiavel, 
therefoie, diminishes, and consequenth the wave length of the 
displacement pattern becomes shortei A little distance be¬ 
yond the position of maximum amplitude theie is no signifi¬ 
cant movement at all In the legion of lapid diminution of 
amplitude the phase lag amounts to a full cycle 01 moie 

If the dnvmg fiequency is mci eased, the position of maxi¬ 
mum amplitude moves towaid the oval window, if it is de- 
cieased the maximum moves towaid the apex (see Fig 5) 
At about 100 cps it is veiy close to the helicotiema At 



i i i i _i-1_i i_i_i_ i i i 

20 22 24 26 28 30 32 

Distance from stapes in millimeters 

Fig 4 Two displacement patterns are shown at an interval of a quar¬ 
ter of a c' cle The dashed line is the em elope of the Instantaneous pat¬ 
terns and corresponds to the dashed cune In Fig 5 upper (Behe*^ ) 


2000 cps theie is veiy little movement beyond the mid point 
of the cochleai partition, but the extieme basal end of the 
partition moves m lesponse to all fiequencies within the 
audible lange 

The unsymmeti ical tiavehng wave pattern of movement, 
with its lathei flat maximum of amplitude and its abiupt 
apical 1 eduction m activity, has been shown to be a necessary 
and piedictable consequence of the punciples of acoustic 
lesonance m a system such as the cochlea with giadation of 
stiffness, mass, damping and coupling The tiavehng wave 
pattern has been lepioduced m appiopnate physical models, 
and it has been observed dnectly m the cochlea undei the 
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Fig 2 CKerall diagram of the ear showing- the ossicles in the middle 
ear (the Incus Is not labeled) and the fluid-filled Inner ear The cochlea 
Is drawn ns a short straight chamber Instead of a long colled canal 
(Belcesj ) 



Fig 3 The solid line (a) shows the displacement pattern of the cochlear 
partition at one Instant and the broken line (b) the pattern an instant 
later Actually the n n es die out quite rapidlj In the secondary zone and 
their i\ate length becomes progress^ ely shorter and shorter (Weier 
Law rence and Bekes> ) 


the gradation of stiffness, a traveling wave of displacement 
appears on the cochleai paitition (see Fig 3) , furthermoi e, 
because of the continuity of the paitition, the stiffei portion, 
moving almost as a unit, duves the moie flexible portion 

The tiavehng wave mci eases m amplitude as it moves 
apically and leaches its maximum near the legion wheie 
lesonant fiequency of the basilai membiane conesponds to 
the fiequency of the duvmg waves (see Fig 4) The ampli¬ 
tude of movements falls off lathei lapidly beyond this point 
The phase lag mci eases moie and moie lapidly as the tiavel- 
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of a system of diagonal fibers, and also a jelly-like substance 
It yields to slow movements but is quite stiff and lesistant to 
quick movements It letums lathei slowly aftei being de¬ 
tached from its normal attachment to the oigan of Corti and 
then displaced 

Appaientlv, as the basilai membiane bulges “upwaid” 01 
“downward” (see Fig 7), the stiff leticulai lamina tends to 



rock, on the support of the lods of Corti, aiound an axis at 
the attachment of the basilai membrane to the bony modiolus 
The tectonal membiane swings on its attachment to the 
limbus The lesult is a sheaung action between the tectonal 
membiane and the leticular lamina (see Fig 8) The “hans” 
anse fiom the cuticulai plates of the hail cells, winch aie set 
firmly m the leticulai lamina, and then outei ends are firmly 
imbedded m the tectonal membiane, theiefore, as the basilai 
membiane bulges, the hairs aie bent The force of the mo\e- 
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micioscope with stioboscopic illumination It allows the 
cochlea to act as a mechanical frequency analyzei, because the 
extent of activity and position of maxima vary as functions 
of fiequency It mtioduees additional featuies, such as 
asymmetiy, piogiessive time and phase lag, and significant 
longitudinal as well as tiansveise bending of the cochleai 
partition, that contribute to the pattern of neuial excitation 
that lesults from the movements of the partition 
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300 cps 200 cps 100 cps 50 cps 



20 25 Distance from 30 35 



Fig - 5 The upper set of curves shows the amplitude of displacement 
of the cochlear partition at \arious distances from the stapes and for 
several driving frequencies The lo'wer set of curves shows the corre¬ 
sponding phase angles (Bekesy) 


THE FINE MOVEMENTS OF THE ORGAN OF CORTI 

The fine movements of the organ of Corti and the tectonal 
membrane have been observed undei the microscope by strobo¬ 
scopic illumination and described m some detail by Bekesy 
In any one segment the basilai membrane, organ of Corti, 
tectonal membiane, and usually Reissner’s membrane also, 
move m phase with one another The basilar membiane is 
fibrous and elastic, and basically it deteimines the traveling 
wave pattern of vibiation described above The cells of Hen- 
sen foim a soft cushion supporting the staffer plate of the 
leticulai lamina The tectonal membiane is hinged like the 
covei of a book along the edge of the limbus It is composed 
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and the hail's aie piesumably bent longitudinally instead of 
ladially (see Fig 9) 

The exact significance of these diffeient directions of 
movement m 1 elation to the excitation of nerve impulses by 
the hail cells is still a mattei of speculation, but the bending 
of the hans is the final and cntieal mechanical event that 


helicotrema 

/ 



FIs' 9 Mo\ements in the cochlear partition viewed from the upper 
edge of the stria -vascularis The greatest amplitude of displacement in 
the pattern shown in Fig 6 Is In the region here labeled vertical 
(Bekesj ) 


lias been lecogmzed m the mechanism of stimulation At 
this point the significant events appaiently become electrical, 
foi this bendmg of the hans seems to lelease eneigy m the 
form of biolectiic potentials, and these potentials are m all 
piobability an important mteimediate step m the mechanism 
of excitation of the auditory nerve fibeis 

The endolymph, which fills seala media, diffeis shaiply 
from penlymph m its ionic content Unlike all othei body 
fluids, it is high m potassium and low m sodium It moie 
neaily lesembles mtia-cellulai fluid m this lespect Typical 
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Fig- 7 Probable pattern of displacement of the cochlear partition seen 
in cross section 


RETICULAR 



Fig 8 Probable pattern of shearing action between tectorial mem¬ 
brane and reticular lamina with bending of the hairs 


ments of the cochlear partition is lathei efficiently con- 
centiated on the shearing action 

The movement descubed above is associated with an ap- 
pioximately radial displacement of Hensen’s cells, as seen 
undei the microscope, and a corresponding ladial oi slightly 
diagonal bending of the hans This movement is chaiactei- 
lstic on the basal side of the position of maximal amplitude 
On the apical side, however, due to the shortei wave length of 
the tiavehng wave and sharpei longitudinal bending of the 
basilar membrane, a longitudinal movement piedommates, 





abruptly at the point wheie the explonng electrode enteis 
the endolymphatic space The change of potential m going 



Fig" 11 The endol> mphatlc space bounded b> the heavj line carries a 
posIti\e electrical charge of 80 rav relative to the perilymph in scala 
tjmpanl Scala \estibull Is not more than 5 positive The Interiors 

of all of the cells of the cochlear partition are electrically negatHe 


from the intei lor of a han cell through its cuticulai layei into 
scala media is thus about 150 mv 

The endocochlear potential is closely dependent on an ade¬ 
quate oxygen supply It falls, reversibly, to a very low level 
at the stage of asphyxia that is leached m extreme Cheyne- 
Stokes lespnation (m anesthetized, moribund gumea pigs) 
Full recovery lequues only a few seconds after a large single 
gasping inspiration It is also abolished lapidly by injection 
of cyanide 01 azide into scala tympani 01 scala media It is 
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analyses of endolymph, penlymph and cerebro-spmal fluid 
are given m Fig 10 The endolymph has sometimes been 
described as “viscous,” but this is piobably tiue only foi 
certain fish and peihaps othei lowei foims 

The endolymph is probably secieted by the stua vascularis 
Whethei it is also leabsoibed wholly 01 only in part by the 
same structure is a mattei of debate 


Spinal Fluid Perilymph Endolymph 

millieqivalents per liter 
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Protein 
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500 
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Fig 10 


INTRACELLULAR POTENTIALS 

Neaily all cells show a negative intiacellulai potential 
Exploiations of the cochlea and the auditory nerve with veiy 
fine microelecti odes leveal these mti acellular potentials, 
langmg from -60 oi even -80 mv relative to the potential of 
the peiilymph m laige cells, such as Hensen’s or Claudius 
down to -20 mv oi so in the cells of Reissnei’s membrane 
The exact value seems to be a function of the amount of injury 
caused by the microelecti ode, the gieatei the injury the 
lowei the value The hair cells, like the nerve fibeis and 
supporting cells, aie electucally negative internally 
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signal, but to a loot-mean-squaie value, integrated ovei a 
very short time Thus the summatmg potentials lepioduce 
appi ovimatelj the form of the envelope of the original acoustic 
signal The positive and the negative summating potentials 
aie opposite m sign They can be sepaiated by the greatei 
vulnerability of the positive summatmg potential to oxygen 
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FIff 12 The cochlear mtcrophonic recorded by intracochlear electrodes 
on opposite sides of the cochlear partition reproduces the sine wave form 
of a pure tone The basal turn responds to all frequencies but the third 
turn responds only to frequencies below about 3000 c-P s 


lack and othei injury, and by the moie apical site of geneia- 
tion of the negative response The input-output relations 
of the summating potentials aie now being investigated They 
are not simple 

The cochlear miciophomc is geneiated at the cuticulai sui- 
face of the hair cells Tins is cleaily pioved by exploiation 
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not immediately affected by injection of isotonic potassium 
chloride, choline chlonde, or potassium glutamate into scala 
tympani 01 scala vestibuh It does fail, although less lapidly 
than with cyanide, following suigical mjuiy to scala media 01 
the injection into scala media of a solution that diffeis sub¬ 
stantially m ionic content fiom the analytic figuies foi endo- 
lymph given m Fig 10 

The endocochleai potential is modified by displacement of 
stiuctuies within the cochlear paitition Displacement of 
the basilai membiane towaid scala tympani, as by injection 
of fluid into scala media 01 an inward movement of the stapes, 
causes an increase m the positive potential by as much as 5 
oi 10 mv Movement m the opposite dnection, as by outwaid 
movement of the stapes, causes even gi eater l eductions m the 
potential Movements of Reissnei’s membrane alone aie not 
effective, but movements of tectonal membiane lelative to 
the leticulai lamina, when it is manipulated by a micio- 
needle, pioduce just such changes m potential The changes 
aie lelated to displacement, not to velocity, and aie sustained 
as long as the displacement is maintained 

The sow ce of the endocochleai potential has not been iden¬ 
tified, although both hail cells and the stua vascularis have 
been suggested The changes in endocochleai potential, de- 
scubed above, aie cleaily associated with the oigan of Corti, 
almost suiely the hair cells, but it is not ceitam that the 
lestmg positive endocochleai potential is geneiated heie 
Pei haps a sepaiate electric response to mechanical stimula¬ 
tion occurs m the hail cells and simply adds to the back¬ 
ground potential that is pioduced by anothei “geneiatoi” 

THE COCHLEAR MICROPHONIC AND THE SUMMATING POTENTIALS 

The cochleai miciophomc and two summatmg potentials 
(positive and negative) are all electnc lesponses to acoustic 
stimulation The cochleai miciophomc is lineally piopoi- 
tional, up to a limit, to the displacement of the cochlear pai¬ 
tition and thus, mdnectly, to the instantaneous acoustic pies- 
suie The miciophomc thus lepioduces the wave form of the 
acoustic stimulus (see Fig 12) The summatmg potentials 
are pioportional, not to any instantaneous value of the acoustic 
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signal, but to a l oot-mean-squai e value, mtegiated ovei a 
veiy short time Thus the summatmg potentials lepioduce 
approximately the foim of the envelope of the ongmal acoustic 
signal The positive and the negative summating potentials 
aie opposite m sign They can be sepaiated by the gieatei 
vulnei ability of the positive summating potential to oxygen 
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Fig- 12 The cochlear mtcrophonlc recorded bv Intracochlear electrodes 
on opposite sides of the cochlear partition reproduces the sine wave form 
of a pure tone The basal turn responds to all frequencies but the third 
turn responds onlj to frequencies below about 3000 c.p s 


lack and othei injury, and by the moie apical site of genera¬ 
tion of the negative response The input-output relations 
of the summating potentials aie now being investigated They 
are not simple 

The cochleai miciophonic is generated at the cuticular sur¬ 
face of the hair cells This is cleaily pioved by exploration 
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with micioelectiodes The miciophonic, and m all piobabihty 
the summatmg potentials also, seem to leflect the bending 
of haiis m the appiopnate duection Apparently at inten¬ 
sities high enough to evoke the summatmg potentials, some 
kind of mechanical leetifymg or detectoi action takes place in 
the mnei eai to cause an unsymmetucal, persistent one-way 
bend m the hans of certain cells In some cases the bending 
is piobably acioss, m otheis length vase of the oigan of Corti 
(A theoiy that includes this and seveial othei aspects of the 
electiophysiology of the cochlea has lecently been published 
m Physiological Revieivs, 1957 ) 

Both the cochleai miciophonic and the summatmg po¬ 
tentials aie continuously giaded lesponses, lineally 1 elated 
within limits, to the intensity of the acoustic stimulus, and 
with no tiue “thieshold” like that of all-oi-none action po¬ 
tentials No evidence of any all-oi-none lesponse m the 
sensoiy cells 01 of a lefiactory penod has been found, even 
when the cochleai miciophonic was lecoided fiom an electiode 
inside a hail cell Both the miciophonic and the summatmg 
potentials show very little 01 no fatigue 01 adaptation 

The cochleai miciophonic “appeals,” m the sense that it 
leaches an lms value of a miciovolt 01 theieabouts, at a much 
lowei sound pressuie level than the summatmg potential, ex¬ 
cept at the extieme high-fiequency limit of lesponse In the 
basal turn m the guinea pig the mciease is lineal, with the 
sound piessuie level up to about 80 db lelative to 0 0002 
miciobai The lesponse then mcieases moie slowly and 
usually goes thiough a maximum At low fiequencies oidi- 
naiy mechanical non-hneai distortion limits the output At 
highei fiequencies the electucal output is limited, but the 
wave foim of the cochleai miciophonic is well maintained, 
with little or no “peak-clipping,” m contiast to the flat-topped 
waves seen at lowei fiequencies The summatmg potentials 
“appeal” some 20 db above the cochleai miciophonic, and 
continue to mciease up to limits set only by acoustic tiauma 
to the oigan of Corti 

The cochleai miciophonic, like the endocochleai potential, 
is closely dependent on an adequate oxygen supply Latei 
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we shall heai evidence that the cochleai mieiophomc is not 
entirely dependent on the positive potential of the endolymph 
The cochleai mieiophomc, howevei, apparently does lepie- 
sent, as Bekesy onginally implied, an amplifiei action m 
which the acoustic stimulus “valves” the eneigy fiom a pie- 
existing "biological pool,” such as the endocochleai potential 
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Fig 13 The voltage of the cochlear microphonlc is proportional to the 
sound pressure level up to about SO db SPL but goes through a maximum 
at about 105 db SPL, The height of the action potential spike (>,0 In¬ 
creases rapidlv from threshold and then gradually at a rate that -varies 
between the third and the fifth root of the sound pressure let el The 
negative summating potential Is directlv proportional to sound pressure 
level when it first appears It does not show a maximum like CM, but Its 
Increase Is often Interrupted bv plateaus No single tvpical curve can vet 
be drawn for SP 


We may add that the negative intiacellulai penalization is 
also such a “pool ” In any case it now' seems cleai that the 
sustained changes m the endocochlear potential noted above 
certainly lepiesent a modulation of a biological souice of 
eneigy, and not simply a passive physical transducei mechan¬ 
ism 

The summating potential, as usually seen, is a displacement 
of the baseline of the oscilloscopie recoid on which the cochleai 
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with micioelectiodes The microphoruc, and m all piobabihty 
the summatmg potentials also, seem to leflect the bending 
of hans m the appropnate dnection Appaiently at inten¬ 
sities high enough to evoke the summatmg potentials, some 
kind of mechanical lectifymg or detectoi action takes place in 
the mnei eai to cause an unsymmetiical, persistent one-way 
bend m the hans of certain cells In some cases the bending 
is piobably acioss, m others lengthwise of the oigan of Coiti 
(A theory that includes this and seveial othei aspects of the 
electiophysiology of the cochlea has lecently been published 
in Physiological Reviews, 1957 ) 

Both the cochleai miciophomc and the summatmg po¬ 
tentials aie continuously giaded lesponses, hneai ly 1 elated 
within limits, to the intensity of the acoustic stimulus, and 
with no tiue “thieshold” like that of all-oi-none action po¬ 
tentials No evidence of any all-oi-none lesponse m the 
sensoiy cells 01 of a lefiactory penod has been found, even 
when the cochleai miciophomc was recoided flow an electiode 
inside a han cell Both the miciophomc and the summatmg 
potentials show very little 01 no fatigue 01 adaptation 

The cochleai miciophomc “appeals,” m the sense that it 
leaches an 1 ms value of a miciovolt or theieabouts, at a much 
lowei sound piessuie level than the summatmg potential, ex¬ 
cept at the extieme high-fiequency limit of lesponse In the 
basal turn m the guinea pig the mciease is hneai, with the 
sound pressuie level up to about 80 db lelative to 0 0002 
miciobai The lesponse then mcieases moie slowly and 
usually goes thiough a maximum At low fiequencies oidi- 
nary mechanical non-lmeai distortion limits the output At 
highei fiequencies the electucal output is limited, but the 
wave foim of the cochleai miciophomc is well maintained, 
with little or no “peak-clipping,” in conti ast to the flat-topped 
waves seen at lowei frequencies The summatmg potentials 
“appeal” some 20 db above the cochleai microphomc, and 
continue to increase up to limits set only by acoustic tiauma 
to the oigan of Corti 

The cochleai miciophomc, like the endocochleai potential, 
is closely dependent on an adequate oxygen supply Latei 
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AP, CM AND SP FROM BASAL TURN 
CM AND SP CM AND SP 




AP AP 


TONE BURST 7000 CPS +10 DB 

Fig- 15 The AP response can be separated from CM and SP bv using 
lntracochlear electrodes an appropriate input network and two recording 
channels The stimulus for the responses at the right was 10 db stronger 
than for those on the left Note that AP and SP- have increased while 
CAI has decreased slightli 


AP, CM AND SP FROM BASAL TURN 


Positive SP 



AP 


TONE BURST 8800 

Fig 1G 
dominant!' 


Positive and Negative SP 



AP 

CPS +20 DB 


In some preparations with weak stimuli the SP response if 
positi\e A stronger stimulus gi\ es a composite SP response 
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miciophonic is supei imposed It is a paiadoxical fact that, 
with mild anoxia, abnoimal ionic concentiations, etc, while 
the cochleai miciophonic diminishes the negative summatmg 
potential mcieases The diphasic effect of anoxia, etc, is 
best explained by assuming that, 1 theie is a positive as well 
as a negative summatmg potential, geneiated by a diffeient 
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Pig 14 The upper trace is the electrical pattern of n tone burst at 
215 kc An electrode on the round window of guinea pig records a 
complex electrical response consisting of cochlear mlcrophonlc (at the 
frequency of the sound waves) summhtlng potential (downward displace¬ 
ment of the base line) and action potentials (the peaks and notches on 
the descending limb of the SP response) The stimulus is maximal for CM. 
Its sound pressure let el Is 60 db abot e the let el needed for a CM response 
of 3 uv The apparent decat of SP during the tone burst Is an artifact 
due to the condenser coupling of the recording amplifier After the end 
of the tone burst the CM response to the ret erberatlon continues to be 
nearlt maximal 


set of sensoiy cells, and that 2 the positive lesponse is moie 
sensitive to anoxia than the negative The negative summat- 
mg potential seems to be stiongei, although highei in thiesh- 
old, and only undei moie seveie anoxia 01 ionic injury does it 
m its turn weaken and finally disappeai 

We shall lely on Dis Galambos and Tasaki to piovide 
fuithei details concerning the neive action potentials in the 
second oidei and fust oidei auditoiy neuions lespectively 
Let us devote the lemaming moments to a quick inteipretive 
summaiy of some of oui statements about cochleai mechanics, 
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is stiongest on the apical side of the position of maximum 
excuision The sustained bend of the hails piesumably acts 
as a steady stimulus to the hau cells that aie affected, but 
compaied to the alternating shcaung movements levealed by 
the cochleai miciophomc this mechanism is lelatively in¬ 
sensitive The lectifymg action, as levealed by the negative 
summating potential, continues to mciease, howevei, aftei 
the vibiatoiy movements, and with them the cochleai micio- 
phonic, have leached then maximum The lectifymg action, 
howevei it is pioduced, seems to be a mechanism that sig¬ 
nificantly extends the dynamic lange of the eai 

The complete theoiy, as piesented elsewheie, consideis the 
mechanism of limitation of ciosswise bending (and with it 
the cochleai miciophomc) m more detail and it also includes 
a second lectifymg action, associated with the ciosswise 
bending, that depends on the viscous piopeities of the tectonal 
membiane This second mechanical lectifymg action and 
consequent one-way bias of the hans is invoked as the basis 
of the positive summating potential, but tins extension of the 
theoiy, as well as a possible inhibitory action of the positive 
summating potential, is admittedly moie speculative than the 
postulate of the longitudinal “shift” and its pioduction of the 
negative summating potential 

The association of the cochleai miciophomc with the bend¬ 
ing of the hans seems veiy well established The mechanism 
that connects the two is completely obscuie, howevei A vague 
suggestion that the mechanical distoition changes the elec- 
tucal lesistance of the uppei ends of the hail cells has been 
offeied but without supporting evidence Wliatevei the 
mechanism, the bending of the hans is supposed to account 
foi not only the cochleai microphomc but also both of the 
summating potentials, but these thiee electucal lesponses, 
it should be noted, aie obseived phenomena, not theones 

Consideiation of the extieme sensitivity of the eai, and 
also the fact that a potential change peisists indefinitely if 
a static displacement of tectonal membiane lelative to the 
leticulai lamina is maintained mechanically, leads to the con¬ 
clusion all eady stated that the eneigy of the electneo.1 ?e- 



378 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


and to the lelations between movement and potential, and 
between potential and neive impulses 

We conceive that, as the basilai membiane, and the organ 
of Corti with it, bulge one way 01 the othei, theie is a sheai- 
mg action between the stiff leticulai lamina of the organ of 
Corti and the stiff but viscous teetonal membiane that lies 
m contact with it, because the teetonal membrane pivots 
aiound a different axis, as illustiated m Fig 7 The sheanng 
action bends the hails of the hail cells, which aie attached 
both to the oigan of Corti and to the teetonal membiane 
This bending is the mechanical movement that is cntical foi 
stimulation Pi otection against too gi eat bending is probably 
piovided by the attachment of the teetonal membiane duectlv 
to the outei and mnei boideis of the oigan of Corti 

The longitudinal bending causes longitudinal vibratoiy 
movements among the cells of the oigan of Coiti, and pie- 
sumably bends the hans lengthwise of the cochleai partition 
The longitudinal bending is sharpest m the “cut-off” legion 
on the apical side of the maximum and is piobably negligible 
on the basal side It is unceitam as yet whethei the external 
and the internal hail cells aie equally sensitive to ladial and 
to longitudinal bending of then hails Piobably they diffei, 
and the diffei ential stimulation of the two sets by the dif¬ 
fei ent dnections of bending allows possibilities, thiough in¬ 
hibitory neuial interactions within the cential neivous system, 
of shaipenmg the “place” aspect of fiequency disci lmmation 

The tiavehng waves aie known to pioduce eddies m the 
cochleai fluids on the apical side of the position of maximal 
amplitude The forces that produce eddies, we believe, also 
tend to cause an unsymmetucal longitudinal shift or “cieep 
to the tectorial membrane lelative to the oigan of Coiti 
Such a shift would cause a one-way longitudinal bending of 
the hans This would be a mechanical lectifymg action It 
allows the cochlea to “detect” efficiently and lespond with 
neive impulses to high-fiequency acoustic signals above 2000 
pei second Just as the cochleai miciophonic is the electiical 
sign of a symmetncal vibiatoiy bending of the hans, we be¬ 
lieve the negative summatmg potential is the electiical sign 
of an unsymmetucal, lectified longitudinal shift This shift 
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medullated dendntic blanches of the pi unary neurons in the 
oigan of Col'll 

At fiequencies below about 300 c p s each soundwave acts 
like an individual stimulus to the nerve fibeis Excitation 
apparently occurs dunng the "falling phase of the coc ear 
miciophomc, i e while scala media (and vestibuli) is ecom 
mg more negative relative to scala tympani This conespon s 
to the phase of outward movement of the stapes The p ase 
1 elation of neuial excitation to the coclileai miciophomc is 
conect foi the electucal theoiy, although this may no e 
immediately obvious The cunent flows fiom hail cel in o 
nerve fibei and outwaid acioss the neive membiane, and t us 
can excite the non-medullated dendntic teimmals like one 
tiemendous node of Ranviei, oi like non-medullated fibeis 
elsewheie Spatial summation between the seveial hau cel s 
attached to a given nerve fibei is cleaily positive, and also a 
facilitating action between summatmg potential and cochlear 
miciophomc 

This is at least a leasonable woiking hypothesis oi “model 
of the action of the cochlea as a sense oigan 
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spouses is denved fiom the metabolism of the tissues, not 
from the acoustic stimidus The lattei selves meiely to 
“valve” the flow of eneigy fiom the biological souice The 
lesult is an amphfiei action in the sense oigan pnoi to stimu¬ 
lation of the neive fibeis 

The cochleai miciophomc and the negative summatmg po¬ 
tential aie believed to excite dnectly the nerve fibeis m 



all Intervening tissues except the scala media 


contact with the hau cells Only a passive lole as electucal 
conductois is ascubed to the neive endings No latency can 
be seen between mechanical displacement of the cochleai 
partition and the cochleai miciophomc It is not yet clear 
whethei theie is synapse-like delay in excitation or whether 
the obseived latency of action potentials (in the modiolus) 
should be attubuted chiefly to conduction time in the non- 
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gieedv, he would ask foi moie duect observational data on 
the phase lesponse of the cochleai partition, paiticulaily at 
frequencies above 500 c p s , but to have the pictuie we have 
of the mechanical analysis is so good that we should not be 
veij gieedy Taking advantage of the established leason- 
ableness of the assumption of lmeai supei position, one can, at 
least m punciple, determine lathei approximately, as a func¬ 
tion of time, the pattern of displacement of the cochleai pai- 
tition m lesponse to any specified acoustic stimulus, sinusoidal 
01 complex, peiiodic or aperiodic 

My second comment has to do with two diffeient theoietical 
points of view fiom which we can examine the next stage 
of the auditory process By the next stage, I mean the tians- 
duetion fiom mechanical displacement of the cochlear partition 
to excitation of the neuions of the auditory nerve The fust 
point of view is that of the audiologist, oi the expenmental 
psv cliologist, who v ants to undeistand the oveiall behavioi of 
the individual The othei point of view is that of the physiol¬ 
ogist wiio wants to know exactly what does what 

A few veais ago, we had only a verj tentative pictuie of 
this second stage of the auditory piocess The displacement 
of the cochleai partition squeezed the hail cells, the hair 
cells shocked the nerve fibeis, and impulses went up the 
VUIth neive Today, howevei, the mechano-nemal trans¬ 
formation is the focus of leseaich attention Does it play a 
lole m the shaipemng of the mechanical frequency analysis’ 
To what extent are its paiameteis undei the conti ol of 
lnghei centers 7 Does the band width of the “cochleai filter” 
vaiy with the alertness of the oiganism, with the listeneis’ 
set, with the task assigned 7 

It is evident fiom Di Davis’ summary that those questions 
do not yet have positive answeis, but equally evident that 
answei s ai e at least on the wav 

The pi unary concern of many of the researcheis who aie 
hard at woik on the mechano-neui al tiansfoimation is an 
undei standing of the physiology of the process What struc- 
tuies lespond m what mannei undei what conditions 7 The 
mam mteiest of many audiologists and psychologists, on the 
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TRANSMISSION AND TRANSDUCTION 
IN THE COCHLEA 

Theoretical Discussion of Hallowell Davis’ Paper 

J C R Licklider,* 

Bolt Beianek and Newman Inc 
Cambridge, Mass 

My first comment on Di Davis’ masterful job concerns the 
theoretical significance of Professoi Bekesy’s expeiimental 
contributions on the one hand, they displaced the specula¬ 
tions, most of which had been pretty fai afield, about cochleai 
mechanics, and they sent the speculators scurrying up the 
auditory system to happier hunting grounds, on the othei 
hand, they set the stage for a senes of mathematical theones, 
not theones so much as assimilations, that i educed to foimulas 
the essential schema of the cochleai mechanical frequency 
analysis 

It is probably impossible to ovei state the importance, to 
the lest of auditory theory, of having this solid foundation 
on which to build If one could ask foi more without being 

•Formerly at Massachusettes Institute of Technology 
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gieedy, he vould ask foi more direct obsei vational data on 
the phase response of the cochlear partition, particularly at 
frequencies above 500 c p s , but to have the picture we have 
of the mechanical analysis is so good that ve should not be 
\ery greedy Taking advantage of tire established reason¬ 
ableness of the assumption of lineal supei position, one can, at 
least m principle, determine lathei approximately, as a func¬ 
tion of time, the pattern of displacement of the cochleai par¬ 
tition m response to any specified acoustic stimulus, sinusoidal 
01 complex, pei iodic or apei iodic 

Mv second comment has to do w ith two different theoretical 
points of view fiom which we can examine the next stage 
of the auditory piocess By the next stage, I mean the trans¬ 
duction from mechanical displacement of the cochleai partition 
to excitation of the neuions of the auditorv nerve The first 
point of view is that of the audiologist, oi the experimental 
psvchologist, who wants to undei stand the overall behavioi of 
the individual The otliei point of view is that of the physiol¬ 
ogist who wants to know exactly what does what 

A few yeais ago, v, e had only a verv tentative pictuie of 
this second stage of the auditory piocess The displacement 
of the cochleai partition squeezed the hail cells, the hair 
cells shocked the nerve fibers, and impulses went up the 
Vlllth neive Todai,, however, the mechano-neuial tians- 
formation is the focus of leseaich attention Does it play a 
lole m the sharpening of the mechanical fiequency analysis 9 
To what extent aie its paiameteis undei the control of 
highei centeis 9 Does the band width of the “cochlear filter” 
\ary with the alertness of the oiganism, with the listeners’ 
set, with the task assigned 9 

It is evident from Di Davis’ summary that those questions 
do not yet have positive answeis, but equally endent that 
answeis are at least on the way 

The piimary concern of many of the researcheis who aie 
hard at work on the mechano-neural transformation is an 
undei standing of the physiology of the process What struc¬ 
tures respond m what manner undei what conditions 9 The 
mam mterest of many audiologists and psychologists, on the 



384 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


othei hand, is an undei standing of the foim of the tians- 
foimation They are less intei ested m knowing what struc- 
tuies mediate it than they aie m knowing the shape of the 
“transfer chaiactenstic ” Then hope, of couise, is to apply 
the mechano-neuial transformation to the signal that lesults 
fiom the mechanical cochleai analysis of the acoustic stimu¬ 
lus That would cany the quantitative description of the 
piocess through another stage and give us a picture of the in¬ 
coming signal as seen by the nervous system 

It seems to me worthwhile to distinguish between the 
advances in the two aieas that correspond to the mterests of 
the physiologist, on the one hand, and the audiologist or 
psychologist, on the othei Let us considei them in leveise 
01 dei 

Insofar as the foim of the tiansduction is concerned, the 
majoi advance, in what Di Davis has described, is the demon¬ 
stration that the cochleai miciophomc potential is supple¬ 
mented by the summatmg potential The miciophomc noi- 
mally is dominant at low frequencies and low intensities, the 
summatmg potential at high frequencies and high intensities 
The summatmg potential appears as though it weie denved 
through rectification and smoothing of the miciophomc po¬ 
tential, and those two operations give us a rough pictuie of 
the form of the process From the lecent developments, we 
begm to see how the auditory system gets its extieme dynamic 
lange We see also that its behavior in response to stiong 
signals is fundamentally different fiom its behavioi m re¬ 
sponse to weak signals 

On the physiological side, the fundamental advance was 
the understanding that the cochleai potentials aie eneigy- 
lelease phenomena and not dnect-energy-tiansduction phe¬ 
nomena Relating the physiology to the anatomy, there is the 
cleai evidence that the focal point of the piocess is the hau 
cell 

When it comes down to the details of the piocess, howevei, 
the picture is extiemely complicated There are actually seven 
potentials to be considered, and theie aie at least seven 
structures that aie regarded by one mvestigatoi 01 another 
as playing important ides The opportunities foi theory 
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construction, here, are, tlieiefoie, obviously quite as good as 
they ever were in the study of the mechanical action of the 
cochlea I think that Di Davis has displayed both great 
couiage and great skill in his discussion of “which structure 
mediates which functions ” He has at everv step, I think, 
picked the best and cuirentlv most plausible hypothesis I am 
sure that he does not expect to be 100 per cent correct I 
should not be surprised, howevei, if he touched 95 per cent, 
and to do that is a tremendous accomplishment 

TRANSMISSION AND TRANSDUCTION 
IN THE COCHLEA 

CLINICAL DISCUSSION 

John R Lindsay, 

Unnersitv of Chicago, 

Chicago, Illinois 

It is giatifving to the otologist to heai of the extensive 
lesearch being cained on concerning the problems of heaimg 
Di Davis’ presentation of evidence pertaining to the physiol¬ 
ogy* of the heaung mechanism within the cochlea is of dnect 
mteiest m the case of end-oigan lesions, but does not lend 
itself readily to discussion fiom the clinical viewpoint I be- 
lieie it would be more appiopnate foi the otologist to call 
attention to a few of the clinical problems wluch are m uigent 
need of investigation 

The most common cause of seiious heaimg impairment m 
earlv adult life is the condition known as otoscleiosis Th*> 
cause of otoscleiosis is not known, noi is there anv known 
means bv which the progress of the disease can be inhibited 
Although tiemendous progress has been made m lecent Years 
in impioving the heaimg tlnough suigery m certain selected 
cases of otosclerosis, theie are many cases foi which suigical 
piocedures offei little oi no help Theie aie manv cases 
which, because of progiessive nerve loss, cannot be helped 
either bv medical oi suigical means, and a few f#r whom the 
modem heaimg aids aie inadequate 
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other hand, is an undei standing of the foim of the tians- 
foimation They aie less intei ested m knowing what stiuc- 
tuies mediate it than they aie m knowing the shape of the 
“tiansfei chaiactenstic ” Then hope, of couise, is to apply 
the mechano-neuial transfoimation to the signal that lesults 
fiom the mechanical cochleai analysis of the acoustic stimu¬ 
lus That would cany the quantitative descnption of the 
piocess thiough anothei stage and give us a pictuie of the in¬ 
coming signal as seen by the nervous system 

It seems to me woithwhile to distinguish between the 
advances m the two aieas that coi respond to the mteiests of 
the physiologist, on the one hand, and the audiologist 01 
psychologist, on the othei Let us considei them in leveise 
01 dei 

Insofai as the form of the tiansduction is concerned, the 
majoi advance, in what Di Davis has descnbed, is the demon- 
stiation that the cochleai miciophonic potential is supple¬ 
mented by the summatmg potential The miciophonic noi- 
mally is dominant at low fiequencies and low intensities, the 
summatmg potential at high fiequencies and high intensities 
The summatmg potential appears as though it weie denved 
thiough rectification and smoothing of the miciophonic po¬ 
tential, and those two operations give us a lough pictuie of 
the foim of the process Fiom the recent developments, we 
begin to see how the auditory system gets its extieme dynamic 
lange We see also that its behavior in lesponse to stiong 
signals is fundamentally different fiom its behavioi m re¬ 
sponse to weak signals 

On the physiological side, the fundamental advance was 
the understanding that the cochleai potentials are eneigy- 
lelease phenomena and not dnect-eneigy-tiansduction phe¬ 
nomena Relating the physiology- to the anatomy, there is the 
cleai evidence that the focal point of the process is the hail 
cell 

When it comes down to the details of the piocess, howevei, 
the pictuie is extiemely complicated Theie aie actually seven 
potentials to be considered, and theie aie at least seven 
stiuctures that aie legarded by one investigate or anothei 
as playing important loles The opportunities for theory 
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case showing innei eai imasion bj the measles vnus In this 
case the finding could be described as an endolymphatic laby¬ 
rinthitis resulting fiom duect invasion of the endolymphatic 
system by the vnus bv way of the stria vasculans 

In a case reported some ieais ago by Piofessoi Nagei, the 
evidence indicated that a meningoencephalitis had been pres¬ 
ent ■until duect extension from the subarachnoid space to the 
peiilymphatic compartment of the labyrinth There are also 
othei types of cases m which clinical cn cumstances suggest 
that there mav have been a duect extension of a vnus infec¬ 
tion 01 its toxic effects tlnough the labyiinth windows fiom 
the middle ear The factual information regarding this type 
of injury to the innei eai is scanty In tins, as in many 
othei diseases of the ear, theie is still a paramount need foi 
histopathologic evidence as to what takes place m the innei 
eai and m the neural appaiatus 

One of the diseases which has been most intriguing to the 
otologist, and also to those of jou earning on leseaich on 
the function of the cochlea, is that known as Menieie’s dis¬ 
ease The chaiactenstics of the auditory disturbances m 
this condition have been unique With the accumulation of 
histopathologic evidence and the development of hearing tests 
much has been learned about this condition, however, certain 
featuies still lemam inadequately explained The basic reason 
for the hydiops is not settled, and piobably will not be finally 
determined until chemical analysis of the fluids have been 
further developed Information pertaining to certain fea¬ 
tures, such as the recruitment phenomenon, has been obtained 
through experimental piocedures, howevei, the fluctuating low 
tone deafness seems to have so fai eluded an adequate explana¬ 
tion Clinical observation has indicated that a Meniere’s 
disease may exist without vertigo and without pioducmg 
the distortions of the vestibulai portion of the labyrinth 
characteristically found m those eais which have come from 
patients who had Menieie’s disease with attacks of vertigo 
Histologic confirmation of this opinion that Menieie’s disease 
may occur without vertigo has been affoi ded by a case which 
has recently come through oui laboratory In this particular 
case there was no history of attacks of \ ertigo The character- 
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The cause of neive degeneiation associated with otosclerosis 
is not yet definitely known Di Cawthome has piesented 
his view to you on tins pioblem, yet on the basis of the his- 
topathology m some advanced cases of otosclerosis there has 
been evidence of nutation of the mnei eai and both degeneia¬ 
tion of the sensory stiuctuies and a labyimthitis ossificans 

Factual information is also needed to explain the seveie 
deafness which sometimes follows relatively mild tiauma 
to the head Experimental work has furnished much informa¬ 
tion zelative to acoustic tiauma and the effect of high inten¬ 
sity noise on the mnei eai, howevei, none of these expen 
ments has adequately explained the piofound deafness, some¬ 
times unilateial and sometimes bilateial, which may lesult 
fiom sti iking the head on the pavement, foi example, without 
causing unconsciousness and sometimes without evidence of 
fiactuie 

It appears from the clinical couise that m this type of case 
the pathology diffeis fiom that pzoduced expei imentally by 
severe blows to the head It is not explained on the basis of 
a tiansveise fractuie of the pyiamid, since theie is no X-iay 
evidence, and theie is sometimes some lecovery of function 

Anothei gioup of mnei eai disturbances about which we 
have had very little information legaidmg the underlying 
pathology is due to vnus diseases Deafness has been a fre¬ 
quent complication of some contagious diseases, particularly 
mumps, measles and typhus Sudden seveie inner eai deaf¬ 
ness has occuned sometimes m relation to a simple uppei 
lespnatory infection with 01 without a non-suppuiative otitis 
media, 01 as a part of certain less common syndiomes affect¬ 
ing also the oculai appaiatus, the salivary glands or the 
cential nervous system and meninges There has been an 
almost complete lack of information as to pathogenesis and 
pathology The only vnus disease m which the histopathology 
of an mnei eai complication has been demonstiated has been 
measles We have been able to find only two definitive re¬ 
ports on the pathologic pictuie pioduced by the measles vnus 
m the mnei eai, and we have lecently added one bilateial 
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case showing innei eai invasion bj the measles vnus In this 
case the finding could be desciibed as an endolymphatic laby- 
lmtlutis lesultmg fiom duect invasion of tlie endolymphatic 
system by the vnus by way of the stua vasculans 

In a case lepoited some veais ago by Piofessoi Nagei, the 
evidence indicated that a meningoencephalitis had been pres¬ 
ent wuth duect extension fiom the subarachnoid space to the 
penlymphatic compartment of the labjnnth Theie aie also 
othei types of cases m which clinical cncumstances suggest 
that theie mav have been a duect extension of a vnus infec¬ 
tion 01 its toxic effects tlnough the labyrinth windows fiom 
the middle eai The factual information regaidmg tins type 
of injury to the innei eai is scanty In this, as in many 
other diseases of the eai, theie is still a paramount need foi 
histopathologic evidence as to what takes place m the innei 
eai and m the neuial appaiatus 

One of the diseases which has been most mtugumg to the 
otologist, and also to those of you cairjmg on leseaich on 
the function of the cochlea, is that known as Menieie’s dis¬ 
ease The chaiactenstics of the auditory distuibances m 
this condition have been unique With the accumulation of 
histopathologic evidence and the development of healing tests 
much has been learned about this condition, howevei, certain 
featuies still lemam inadequately explained The basic leason 
foi the hydiops is not settled, and piobably will not be finally 
deteimined until chemical analysis of the fluids have been 
furtliei developed Infoimation pertaining to certain fea¬ 
tuies, such as the lecruitment phenomenon, has been obtained 
through expeiimental pioceduies, howevei, the fluctuating low 
tone deafness seems to have so fai eluded an adequate explana¬ 
tion Clinical observation has indicated that a Menieie’s 
disease may exist without vertigo and without pioducmg 
the distortions of the vestibular portion of the labyrinth 
chaiaetensticallv found m those eais which have come fiom 
patients who had Menieie’s disease with attacks of vertigo 
Histologic confirmation of this opinion that Menieie’s disease 
may occui without vertigo has been affoided by a case which 
has lecently come through oui laboiatory In this particulai 
case thei e was no history of attacks of vertigo The chaiactei- 
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istics of the heaung loss, howevei, were such that a diagnosis 
of piobable Menieie’s disease was made The histologic 
sections fiom the affected eai have shown the chaiactenstic 
hydiops of the cochleai pait of the labyiinth, but theie was 
no distortion of the vestibulai portion I am not aware of 
any othei case on lecoid which has affoided definitive in¬ 
formation on this particulai point 

Theie aie many othei pioblems pertaining to heaung im¬ 
pairment which aie fai fiom being adequately explained One 
of the gieatest pioblems which has faced the leseaich worker 
m the field of heaung has been the difficulty m obtaining 
factual mfoimation legal ding the pathologic piocess which 
has pioduced the distuibance 

It is obvious that a pumary lequuement for the undei- 
standmg of distuibances of function is a complete knowledge 
of the physiological piocesses involved m heaung and main¬ 
tenance of equihbiium It is, howevei, evident to the otologist 
that there are gieat gaps in information legal ding the patho¬ 
logic states which cause the functional distuibances, and that 
mci eased effoits to obtain such mfoiamtion is an uigent 
need 

* * * 


WEDNESDAY AFTERNOON SESSION 

The International Confeience on Audiology convened at 2 
o’clock PM, m the Auditonum of the Washington Univei- 
sity School of Medicine, St Louis, Missoun, Di Joseph 
Eilangei, Washington Univeisity School of Medicine, pie- 
sidmg 


NEURAL MECHANISMS IN AUDITION 
Robert Galambos, 

Waltei Reed Aimy Institute of Reseaich, 
Washington, D C 

My discussion of Listening and Pitch Peiception will of 
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necessity be brief, foi m the 30 minutes at mv disposal I shall 
be obliged to paint the pictuie with a i ery wide brush Re¬ 
cently published accounts of these matters are, howe\ei, 
available foi those of jou who wish moie details 13 1<: 

LISTENING 

I am suie all of us heie lecogmze the distinction between 
“listening” and “not-listenmg ” Duimg this Congiess we 
have heaid the phenomenon lefeired to lepeatedly, with such 
terms as “cential deafness,” “central factois m deafness” and 



FIs' 1 Cat \\ 1th eight Implanted Electrodes for E E G Studies 


“heai mg but not peicemng” being employed The mam idea 
behind these concepts is that while the cochleai appaiatus 
within the tempoial bone may be entnelv noimal and fully 
capable of aiousmg impulses m the auditory nerve, a cential 
auditory appaiatus must also be acting m a special and pai- 
ticulai way if sounds aie to piovoke lesponses from animals 
and men A moment’s reflection tells us that the brain must 
indeed be oiganized m one way when we listen and m another 
way when we do not One of the tasks of the auditoiy neuio- 
phvsiologist, it seems to me, is to define as best he can the 
difference between these two states 

Vanous attempts to do this have employed cats like that 
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show in Fig 1 7 °> 10 Wne electiodes weie implanted in the 
biam many weeks eailiei, and these were led to the outside 
thiough the connectoi seen attached to the skull In this way 
the E E G was made available foi study whenever desned, 
and the animal could be examined at any time m the un- 
anesthetized state 

Fig 2 shows some lecoids fiom such an animal The uppei 
line m each section shows the time at which an auditoiy 
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rig 2 Brain responses to click stimuli from a cat like that shov n in 
Pig 1 Electrodes 2 through 6 are located 2 mm apart in the Horsiej- 
Clarke A-18 plane 6 and 6 are in subcortical white matter and 4 3 ana £ 
are in the caudate nucleus The size of the brain response obtained to a 
constant click stimulus seems to depend upon such \arlables as sleep ana 
attentiveness 


stimulus—m this instance a click of model ate intensity—was 
piesented through a loudspeaker Notice that the EEG 
response to this sound is not uniform m size m the cochleai 
nucleus 01 the auditory cortex, and that on occasion the stimu¬ 
lus evokes responses fiom paits of the brain (caudate nucleus) 
not considered m text books to be part of the auditoiy system 
of neuions The study of many lecoids such as this suggests 
the conclusion that auditoiy stimuli of constant strength do 
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not mvanably pioduce the same effects upon the biam, noi 
aie then effects limited to those biam aieas conventionally 
consideied to be auditoiy m function 

The demonstiation that a fixed stimulus may yield a fluc¬ 
tuating biam lesponse leads natuially to the question of 
whethei the lesponse is laige uhen the animal “listens” and 
less so when it does not This idea is cleaily suggested m 



Fig - 3 Effect of a simple conditioning procedure upon the amplitude 
of response e\oked bx click. Upper record small amplitude responses 
from animal exposed to click dax and night for mam daxs loxxer record 
larger amplitude to same click after it had been paired with shock To 
prexent muscle artifacts the animal was treated xxith a curare-like sub¬ 
stance prior to the lower recordings 


Fig 2, wheie the cat attends to a visual stimulus, the animal 
is piobably not attending to the click at that tmie, and the 
diminished size of the lesponse to clicks may be taken to 
correspond with this fact 

In the attempt to exploie this possibility systematically the 
lecoi dings of Fig 3 weie made The lecoids m the lowei 
part of that figuie weie made aftei the clicks had been paued 






with shocks to the skm Responses to the clicks aie uniforal¬ 
ly laige m size It was oui intention to condition the cat to 
expect a shock in the piesence of the click, and apparently 
the clicks did ultimately become a signal foi the cat that an 
unpleasant event was about to occur The records m the 
uppei part of the figuie, on the othei hand, had been made at 
an eaihei time when the cat had been m the piesence of the 
same click for many houis, and seemed to be paying no at¬ 
tention whatevei to them, the EEG responses to clicks 
turn out, as expected, to be relatively smallei and con¬ 
siderably less widespread throughout the biam m the habitu¬ 
ated as compaied to the conditioned state 7 

The variation in amplitude of the auditoiy cortical re¬ 
sponses in Fig 3 will come as no surprise, since it is generally 
thought that the coitex participates m some important way 
in the attentive function under exploration The demonstra¬ 
tion that much the same phenomenon takes place in the 
cochlear nucleus, howevei, demands that the auditory neivous 
system throughout its entile length be undei the control of 
neural mechanisms that modulate incoming messages, allow¬ 
ing impulses to pass at one time and preventing their passing 
at others Unfortunately, we do not completely understand 
what these controlling mechanisms actually are, but an exam¬ 
ination of the known anatomy of the auditory system piovides 
some speculative possibilities 

Fig 4 shows, on the left, the classical ascending fiber path¬ 
ways shown m most text books, as well as the newer routes by 
way of the leticulai formation and to the cerebellum that 
have come to be known over the past 15 yeais (see 3 ) 
On the light, by contrast, are shown the fiber tracts that de¬ 
scend from the cortex to end up finally m the cochlea itself 
This descending system was known m part to Cajal, to 
Loiente de No and to others of the classical schools of neuro¬ 
anatomy, but the modem concept of its course and distribu¬ 
tion is due largely to the efforts of Dr Grant Rasmussen 
His most notable contributions 1213 have shown that a bundle 
of fibeis originating m the legion of the superior olivary 
nuclei terminates on or near the internal hair cells This 
olivocochlear bundle represents the terminal line in the neural 


Fig 4 Diagram of the auditory pathways showing ascending and de¬ 
scending connections 

tions at the piesent time also involve to varying degrees the 
limbic system m the forebram and the reticular formation m 
the mesencephalon, but these details need not be stressed 
further Instead, let us consider some evidence that the 
olivocochlear bundle of Rasmussen has a definable physiolog¬ 
ical function m the cat, and by inference m any other animal 
(including man), with a bundle of Oort m its Vlllth nerve 
complex 

Fig 4 summarizes the essential feature of this study, 4 
showing that the amplitude of the auditory nerve response 
to a click stimulus is significantly reduced if a barrage of 
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impulses is simultaneously aruvmg at the cochlea via the 
olivocochleai bundle This final link m the descending chain 
of neuions thus has an mhibitoiy effect upon the auditory 
system, pi eventing the aiousal of the expected amount of 
neive activity to a standard click stimulus It should be 
noted that this inhibition was demonstiated by deliveimg 


SHOCK 

(STOW) 



Pig E Anatomical plan of the olivocochlear pathway and Illustration 
of Its function The cross section shows cells of origin (OSA) and anatom¬ 
ical course of fibers to the cochlear spiral Shocks applied uliere tne 
fibers decussate markedlj reduce the amplitude of the auditor} nene 
discharge (Ni) e}oked b> a click n ithout influencing the hair cell re¬ 
sponse (M) 


electucal shocks to the medulla of anesthetized cats, and that 
it has not as vet been shown to occur natuially m noimal 
animals, so we cannot be ceitam m extrapolating these data 
to the normal case, nevertheless, the final link m the descend¬ 
ing system acts as an inhibiting mechanism m these physio¬ 
logical piepaiations, and fiom this fact we may, perhaps, be 
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permitted to mfei that the piobable lole of the entile system 
in the normal animal is at least m part an mhibitoiy one 

These fust efforts to study the pioblem of “listening” can 
be summanzed as follows The attentive animal is chaiactei- 
lzed by large E E G responses spiead throughout its bram, 
aieas being included that ordinarily aie not considered to be 
part of the auditory system The inattentive animal shows 
responses m fewer bram locations, and these aie small m 
size The vanation m size occuis throughout the auditory 
system, being appaient even at the coehleai nucleus, the fust 
synapse m the auditory system The descending pathway 
lepiesents a possible neuial mechanism foi causing the ampli¬ 
tude variations, and its final link, the olivocochleai pathway, 
is known to function as an mhibitoi Much obviously 1 emams 
to be done, howevei, befoie the pioblem is finally solved 

PITCH PERCEPTION 

Of all the pioblems of hearing, that of how we peiceive 
pitch has undoubtedly received the lion’s shaie of attention 
by experimentalists Many lecent reviews of this topic aie 
available, 131 ' 18 and so my efforts today need not attempt 
comprehensiveness Instead let us considei some old and new 
studies with micioelectrodes that seem to illustrate the major 
pnnciples thus fai elucidated These micioelectiodes, you 
will recall, allow the action potentials of a single biam cell to 
be isolated foi study The way the cell responds to the vanety 
of sounds to which the eai is subjected, constitutes the law 
data out of which an understanding of the biam is to be 
fashioned If we collect data fiom a sufficiently large num- 
bei of such cells we can hope to cieate a complete and satis¬ 
factory pictuie 

Fig 6 piesents some of the eai best lecoids taken fiom the 
auditory system with this technique 5 When the woids 
“Vmth neive” were spoken m the vicinity of the cat, a unit 
m the cochlear nucleus leacted briskly, as is shown there It 
has since been repeatedly demonstrated that auditory units 
m all the auditory nuclei are similarly sensitive to sounds, 
and when pure tones are employed they lespond to a limited 
and lestiicted band of them This fact is demonstrated for 
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Fig C Response of a single cell In the cochlear nucleus to spoken 
words Microelectrode recording from anesthetized cat 



Tig 7 Response areas for threo separate cells In the cochlear nucleus 
of tho anesthetized cat Ordinate intensity In db below reference lc'oi 
for tones given on abscissa The 'best frequencv of ench cell Is written 
next to tho triangular response area that encloses all tonos found adequate 
for Its stimulation 


thiee units in Fig 7, wheie the tones that excite any given 
unit aie seen to fall m a limited part of the sound spectium 
The tuangulai “lesponse aiea” thus expel imentally defined 
pioves conclusively that auditoiy units function physiolog¬ 
ically m the mannei suggested by then anatomical connec¬ 
tions, namely, by lespondmg to limited bands of tones The 
basic idea of Helmholtz, which was that some unique spatial 
con elate exists in the biam foi each peiceived tone is, theie- 
foie, essentially confnmed, although the details of how this 
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comes about is a somewhat moie elaboiate story than I can 
give you here (but see 131516 ) 

Fig 8 shows the expel imental demonsti ation of the place 
punciple in the case of the cochleai nucleus 11 The path of a 
micioelectiode tiack is shown theie in a saggital section of 
the nucleus The electiode enteied the doisal cochleai nucleus 



Fig S Plot, on a saggital section of the cochlear nuclei of the cat, of 
the best frequencies encountered during a particular microelectrode 
puncture Xote orderP decline of frequencj In both the dorsal (Dc.) and 
the anterior ventral (At. ) segments Indicating that projection of the 
basilar membrane to this nuclear mass is tonotopic 


fiom behind and pioceeded successively through the posteiioi 
and antenoi vential cochleai nuclei The numbeis m Fig 8 
lepiesent the tone fiequencies found by physiological methods 
to be best lepiesented at the indicated position It is cleai 
that an oideily arrangement exists m the vanous segments 
of this complex nucleai mass A similai tonotopic ariange- 
ment has been uncoveied thioughout the auditory system 
wheiever it has been sought experimentally 

We can conclude, therefoie, that the evidence is heavy m 
support of the idea that the place m the biain wheie a tone 
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600 cps 115 db L E 

l 

Fig 9 Responses of a single cell to tones Anesthetized cat Electrode 
location low er right accessory superior olivary nucleus Each segment 
of the figure shows at left the spontaneous activity of the unit and on 
the s^ept traces the unit response (top line) the cochlear round window 
response (middle) and the electrical sfgnal delivered to the eaiyhone 
(bottom The tone frequency employed is written on the left member ox 
each pair of records to which It pertains The best frequency for tnis 
unit was 600 cps the stimuli were applied to left ear with recording on 
the right side 


pioduces its effects is somehow important for oui ability to 
peiceive pitch, but what about that other peisistent idea of 
how tone frequency is handled, namely, that each nerve fiber 
lesponds at the fiequency of the tone 9 Fig 9 shows that, 
to a lemaikable extent, this idea is correct also The unit 
pictuied theie was isolated m the supenoi olive 0 It re¬ 
sponded to tones up to 1100 cps, and the pictures make it 
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cleai that it often did so by dischaiging once to each sound 
wave cvcle The pictuies also make it evident, howevei, 
that the unit sometimes skipped responding, and that it would 
on occasion respond twice to a smgle sound wave cycle The 
facts, nevertheless, unequivocally support the idea that tonal 
frequency can be centially lepiesented as nerve dischaige 
frequencv We do not as yet know precisely how to evaluate 
the relative importance of the two principles—place and fre¬ 
quency of nerve dischaige—m the mechanism of biam action 
that results in pitch perception We can be certain only that 



Fig: 10 Suppression of cochlear nucleus cell responses by tones Anes¬ 
thetized cat. A.—The spontaneous activity of a unit disappears so long: as 
a tone (white line below record) is on B—A unit excited b\ one tone 
(long white line) stops completely so long as a second tone (short line) Is 
simultaneously sounding 


the frequencv principle must be of limited utility for tones 
abo\e 1000 or 2000 cps 

Besides the place and frequency principles there are at 
least two othei facts about the auditory bram that almost 
certainly are relevant to the pitch problem The first of 
these is that a low tone activates a larger amount of the 
auditory bram than does a tone of high frequency This is 
true, because the pattern of cochlear motion aroused by low 
tones spreads from base to apex along the basilar membrane, 
thus sweeping across the entire neural complement of the 
cochlea The pattern evoked by high fiequency tones, by 
contrast, is restricted to the base The consequences of this 
fact are not entirely understood, but it is already clear that 
any partial damage to the Vrtlth nerve that involves fibers 
from the various parts of the basilar membrane in equal 
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pioportions yields a selective loss of healing foi high fre¬ 
quencies 811 

The second ancillary fact is illustrated m Fig 10 We 
ordinarily think of the auditory stimulus as ci eating excita¬ 
tion, or increased nerve activity, when it is presented to the 
eai This is certainly the case for many single units in the 
brain, as can be seen m Figs 6 and 9 In Fig 10, on the 
other hand, what the stimuli do is to suppress the ongoing 
activity rathei than to create more of it (see 2 ) This 
inhibitory effect of tones is a geneial phenomenon observable 
at all levels m the auditory system including the cortex 

This demonstration that a particular tone causes certain 
units to stop firing and others to fire more briskly, probably 
means that the oveiall effect of the tone is to cieate areas of 
activity interspersed among cellulai aieas m which activity 
has been suppiessed Presumably the exact locations and 
extents of such excited and inhibited areas are of significance 
as central correlates of the tonal frequency (see 8 ), but no 
cleai picture of how this exactly occurs can yet be given 

Theie are, then, the four factois known to play some role 
m the central mediation of the experience of pitch The well- 
known place and frequency pnnciples clearly are m operation 
The "place” involved by a given tone must, however, be con¬ 
ceived as collections of neural loci, m some of which increased 
activity occurs, whereas decreased activity occuis m otheis 
The configuration of excited and inhibited "places” vanes as 
the tone frequency changes, and this geographical (tonotopic) 
conelate foi pitch is the one most securely established by 
expelimental data The "places” involved, finally, are moie 
extensive and widespread through the auditory nuclei when 
the tone is low as opposed to high in frequency How the 
central nervous system produces the sensation of a tone out 
of these bits and swaps of information remains a complete 
mystery 
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PHYSIOLOGICAL DISCUSSION 


Ichijt Tasaki, 

National Institute of Neurological Diseases and Blindness, 

Bethesda, Md 


Dr. I Tasaki Dr Galambos has just given us a very 
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mtei estmg suivey of the pioblem of how the nerve fibeis 
and cells m the auditory pathway tiansmit neive impulses 
to the cential neiwous system He has shown us cleaily 
that the function of the auditory pathway is not only to tians- 
mit messages to the central nervous system but also to assort 
and classify the messages befoie they leach the brain, 01 
sometimes, to eliminate some of the messages befoie they 
leach the cerebial coitex Now I should like to discuss the 
pioblem befoie us very buefly fiom a slightly diffeient angle, 
namel} r , m 1 elation to oui piesent day knowledge of moie 
general mechanisms found m the neivous system 

Sometime ago, Di Davis and I demonstiated the fact that 
the auditory neive fibeis ansmg in the basal turn of the 
guinea pig cochlea respond to tones of any fiequency, high 
and low, while the fibers onginatmg m the apical turn le- 
spond only to low fiequency tones (slide) These nerve 
impulses in the individual auditory nerve fiber obey the all-oi- 
none law They will not stop until they arrive at (01 neai) 
the synapses m then pathway The behavioi of these syn¬ 
apses in the auditoiy system is piobably veiy similai to that 
of othei excitatory 01 mlnbitoiy synapses m the nervous 
system, theiefoie, physiological studies on the auditory path¬ 
way aie , m a sense, a sort of experimental study on synaptic 
transmission m the neivous system If the pattern of the 
nerve impulses ansing m the cochlea is accuiately given, the 
fate of these impulses will be determined simply by the stiuc- 
tuie of the nervous system This part of the pioblem is not 
specific to the auditory system 

The pioblem dealing with initiation of nerve impulses m 
the cochlea is, on the contiaiy, veiy specific to the auditoiy 
system, because the structuie of the mnei eai is very dif¬ 
feient fiom that of other mechanoieceptois Let us take a 
look at a pictuie illustrating the familial stiuctuie of the 
cochlea (slide) When we mtioduce a glass pipette electiode 
into vanous parts m the cochlea, it is found that the electiic 
potential m the space occupied by endolymph is 80-90 mv 
positive to that of the perilymph (Bekesy) It appears to us 
that the fluid m the space between the basilai membiane 
and the leticulai lamina is 70-80 mv negative to the penlymph 
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These dc potentials can be intei pi eted as devices foi m- 
cieasing the sensitivity of the neive fibeis to electiical stimuli 
Miciophonics and othei slowly changing potentials aie un¬ 
doubtedly signs of intei mediate piocesses which link the 
mechanical events with the piocess of initiation of nerve 
impulses 

A few days ago Di Rasmussen gave us a special stiam of 
guinea pigs, waltzing guinea pigs He gave us thiee of them, 
and we used foui, that means we took one moie after he left 
to attend this meeting These guinea pigs show no sign of 
miciophomc lesponses They have no hail cells m the 
cochlea The story that the hail cells aie responsible foi 
geneiation of miciophomc lesponses is safe, but, we found 
a dc potential of about 80 mv m the endolymphatic space and 
also a stiong negativity in the space between the leticulai 
lamina and the basilai membiane A few years ago some¬ 
body aiound heie made an attempt to attubute the endo¬ 
lymphatic dc potential m the cochlea to the function of the 
hail-cells That was a mistake, my mistake At piesent 
theie is no doubt that the positive potential is geneiated by 
some oxidative metabolism m the stua vasculans 

In conclusion theie is a very mtnguing pioblem m Di 
Galambos’ piesentation. That is the pioblem of how the 
electnc lesponses m the auditory nerve fiber aie suppiessed 
by stimulation of the ohvocochleai nerve bundle In geneial, 
it is extiemely difficult to suppiess an all-oi-none lesponse m 
the neive fibei All the inhibitory processes that have been 
demonstiated m other parts of the neive system take place 
at the site of initiation of nerve impulses, namely, at the 
pace-makers 

I am assuming that Di Galambos’ electrical stimuli weie 
limited to the fibeis m the ohvocochleai bundle Undei 
tins assumption, the most probable explanation of the phe¬ 
nomenon is to attubute it to secietion of some inhibitory 
substance which laises the threshold of the neive endings to 
mechanical stimuli A somewhat similai phenomenon has 
been reported recently by Dr Leowenstem m the mechano- 
receptoi m the skin ( Nature, 178 1292, 1956) 
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ANATOMICAL DISCUSSION OF THE PAPER 
GIVEN BY DR GALAMBOS 

Grant L Rasmussen, 

National Institute of Neurological Diseases and Blindness, 

Bethesda, Md 

I have closely followed the studies of Di Galambos duimg 
the past seveial yeais, and have often wondeied about the 
function significance of this stiange system of auditory 
neuions which coiuse backwaid m an unorthodox fashion 

It is not necessaiy to leview the geneial plan of the as¬ 
cending and descending auditoiy pathways, since Di Galam- 
bos has aheady done this with the aid of his Fig 4 To be 
suie his schema of the cncuits was necessanly simplified foi 
Ins piesentation 

Oui main mteiest presently concerns the less well-known 
descending 01 lecunent conduction chain of auditoiy neuions 
which extends fiom the ceiebial auditoiy coitex to the cochlea 
itself It has been possible to 1 eveal tins system of libel’s by 
means of axonal and terminal degeneiation methods 1234 
These fibeis aie foi the most pait intermixed with those of 
the ascending system, which constitutes by fai the gieater 
numbei of fibeis The lecunent fibers hold constant posi¬ 
tional relationship and, moreovei, aie interconnected m an 
oideily fashion, piojectmg fiom definite cell gioups of highei 
levels to paiticulai cells of any one of seveial auditoiy nuclei 
For example, certain neuions of the wfeuoi colliculus and 
doisal nucleus of the lateial lemniscus connect bilateially 
with particular cell gioups of tile doisal cochleai nucleus, 
and of the supenoi olivary complex, thus we see evidence 
of a ceitam specificity in the descending system, the meaning 
of which is not understandable to me at this time 

Having descnbed some of the geneial anatomical featuies, 

I will now piesent a moie detailed description of the pattern 
of distribution of the descending system, as found at the level 
of the biam, which holds most mteiest at tins time I show a 
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figuie of a tiansi erse cut of a cat’s medulla oblongata at the 
level of the olivary complex and ohvo-cochleai bundle, which 
includes also the coclilea This is similar to Fig 5, shown by 
Di Galambos, except that heie the lecunent fibeis coming 
fiom the mferioi colliculus aie displayed 

Here within the confines of the cncumsciibed area in¬ 
dicated, aie scatteied fibers uInch degenerate following a 
lesion of mfenoi colliculus and/oi dorsal nucleus of the lateial 
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lemniscus Some of these fibeis entei and teimmate m that 
pait of the olnary complex that has been pieviously detei- 
mined as the site of origin of the olivo-cochleai bundle, the 
fibers of winch terminate in the cochlea perhaps about hail 
cells, howevei, substantial anatomical proof is still lac kin g 
on this point 

While some fibeis end in the medial two segments of the 
olivary complex, a very impiessive numbei of fibeis continue 
on thiough the tiapezoid body to leach and disperse them¬ 
selves within the doisal cochleai nucleus of both sides 

This may well be one of the important pathways concerned 
with suppiession of neuial activity of the cochlear nucleus 
from highei levels, as has been mentioned bv Di Galambos 
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This effeient packet of fibeis that enteis the cochleai 
nucleus would seem to be identical with that fust described 
by Held,' and latei by Loiente de No, 0 m Golgi piepaiations 
While both lecognized its effeient natuie, neithei weie able 
to deteimme whence it came 

Finally, I would like to mention that m lecent studies I 
have been able to demonstiate anatomically seveial other le- 
cunent conti lbutions to the cochleai nucleus that ongmate 
fiom biam legions not usually consideied auditory in function 
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CLINICAL DISCUSSION OF THE PAPER 
GIVEN BY DR GALAMBOS 

J S Riesco Mac-Clure, 

Neuio-Suigical Institute, 

Santiago, Chile 

I am afiaid that what I have to say fiom the clinical point 
of view is not veiy satisfactoiy, because I have been moie 
concerned with vestibulai distuibances than with those of the 
cochlea, howevei, I will lefei to the lesions in the biam stem, 
lesions due to tumois, encephalitis, hemonhages and concus¬ 
sions Between 1950 and 1957 we have seen 76 cases of this 
kind at the Neuiosuigical Institute in Santiago, Chile The 
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contiast between the uch vestibulai symptomatology and the 
pool coclileai symptomatology is suipusmg 

Disoi del's of the equihbiium, spontaneous nystagmus and 
positional nystagmus, and maiked alteiations m the calouc 
lesponses weie found m almost 100 pel cent of the cases On 
the othei hand, the audiometne examination was always 
normal, 01 almost noimal, even in those cases m which a 
bilateral vestibulai paialysis was found Piecisely this 
coclileai and vestibulai dissociation, in v Inch the vestibulai 
nerve is paialyzed and the coclileai is noimal, is an important 
sign of a destructive lesion in the vestibulai aiea of the flooi 
of the fourth ventricle 

We have been anxious to see what happens when only the 
cochleai nucleus at the medulla is involved We believe that 
the following case shows something A 20-yeai-old man was 
admitted at the Neuiosuigical Institute with the suspicion 
of a biam tumoi Aftei an exhaustive neuiological examina¬ 
tion, and after a two-month follow-up, the diagnosis of en¬ 
cephalitis due to vnus mfection was made Befoie becoming 
ill this young man nevei complained of hearing loss noi loss 
of balance 

The audiogiam showed a normal left eai and a healing 
loss of the ascending type m the light eai with no leciuit- 
ment, but with diplacusis At the same time the calongiam 
showed a total paialysis of the light vestibulai blanch and 
paiesis of the left vestibular branch Even more, with watei 
at 18 degrees during a 60 second n ligation a pel verted vei- 
tical nystagmus was seen 

The patient also had spontaneous nystagmus to the left, 
a maiked loss of balance and involvement of the Vlth nerve 
on both sides In the absence of leciuitment, bilateral coch- 
leo-vestibular dissociation, perverted nystagmus, and neuio- 
logical involvement of central natuie of both Vlth neives, 
we diagnosed a partially destiuetive lesion of the flooi of the 
fourth ventricle Not only a partially destructive lesion of the 
vestibular aiea, but also a partially destructive lesion of the 
right cochleai nucleus, was found 
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This effeient packet of fibeis that enteis the cochleai 
nucleus would seem to be identical with that fust described 
by Held, 5 and latei by Loiente de No, 6 m Golgi piepaiations 
While both lecogmzed its effeient natuie, neithei weie able 
to deteimme whence it came 

Finally, I would like to mention that m lecent studies I 
have been able to demonstiate anatomically seveial othei le- 
cunent contributions to the cochleai nucleus that originate 
fiom biam regions not usually consideied auditory m function 
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CLINICAL DISCUSSION OF THE PAPER 
GIVEN BY DR GALAMBOS 

J S Riesco Mac-Clure, 

Neuro-Suigical Institute, 

Santiago, Chile 

I am afiaid that what I have to say fiom the clinical point 
of view is not very satisfactoiy, because I have been more 
concerned with vestibulai distuibances than with those of the 
cochlea, howevei, I will refei to the lesions m the biam stem, 
lesions due to tumois, encephalitis, hemonhages and concus¬ 
sions Between 1950 and 1957 we have seen 76 cases of this 
kind at the Neurosurgical Institute m Santiago, Chile The 
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Conti ast between the uch vestibulai symptomatology and the 
pool cochleai symptomatology is suipiismg 

Disoideis of the equilibnum, spontaneous nystagmus and 
positional nystagmus, and maiked alteiations in the calouc 
lesponses weie found m almost 100 pel cent of the cases On 
the othei hand, the audiometnc examination was always 
noimal, 01 almost noimal, even in those cases m which a 
bilateial vestibulai paialysis was found Piecisely this 
cochleai and vestibulai dissociation, in which the vestibulai 
neive is paialyzed and the cochleai is normal, is an important 
sign of a destructive lesion in the vestibulai aiea of the flooi 
of the fourth ventucle 

We have been anxious to see what happens when only the 
cochleai nucleus at the medulla is involved We believe that 
the following case shows something A 20-yeai-old man was 
admitted at the Neuiosuigical Institute with the suspicion 
of a biam tumoi Aftei an exhaustive neuiological examina¬ 
tion, and aftei a two-month follow-up, the diagnosis of en¬ 
cephalitis due to vnus infection was made Befoie becoming 
ill this young man nevei complained of heaung loss noi loss 
of balance 

The audiogiam showed a normal left eai and a heaung 
loss of the ascending type in the light eai with no leciuit- 
ment, but with diplacusis At the same time the calongiam 
showed a total paialysis of the right vestibulai blanch and 
paiesis of the left vestibulai blanch Even more, with watei 
at 18 degiees duimg a 60 second migation a perverted vei- 
tical nystagmus was seen 

The patient also had spontaneous nystagmus to the left, 
a marked loss of balance and involvement of the Vlth nerve 
on both sides In the absence of lecruitment, bilateial coch- 
leo-vestibular dissociation, perverted nystagmus, and nemo- 
logical involvement of cential nature of both Vlth nerves, 
we diagnosed a partially destructive lesion of the flooi of the 
fouith ventucle Not only a paitially destructive lesion of the 
vestibulai aiea, but also a partially destructive lesion of the 
light cochleai nucleus, uas found 
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Appaiently these lesions weie meveisible, because aftei 
six months, although the patient was much bettei fiom the 
neuiological pomt of view, the functional examination of the 
VUIth nerve gave exactly the same lesults 

We believe, then, that the deafness due to a lesion of the 
cochleai nucleus is veiy similai to the deafness due to an 
acoustic tumoi Unfortunately, we have not done the speech 
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tests m oui patients because, as I have aheady pointed out, 
we have been moie concerned with the vestibulai system 

Di Lindsay has descubed what he calls “deafness of sudden 
ongm and indefinite etiology" It is possible that some of 
these cases aie due to lesions m the cochleai nuclei 

A 19-yeai-old woman awakened one morning with stiong 
tinnitus and total deafness in the right eai She also had 
some dizziness and loss of balance, but she could continue hei 
school duties We saw hei foui months after this had hap- 
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pened The otoscopic examination and the vestibulai tests 
were normal 

The audiogram showed a nerve type of healing loss at 
right, with absence of lecruitment and with a normal differ¬ 
ential limen, which does not conespond to a lesion m the end- 
oigan 
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The fact that this deafness of sudden oiigm and indefinite 
etiology is possible of a complete 01 partial lecovery, as we 
have seen m a few instances, suggests that the lesion is in 
the cochleai nucleus and not m the end-oigan Obviously we 
are not talking about endolymphatic hydi ops When recovery 
takes place, this happens in the fust thiee weeks, not after 
We have seen patients who had a complete unilateial deaf¬ 
ness, and within nme to 15 days were totally lecovered We 
may assume that if the organ of Corti had been damaged 
no recovery would have been possible 

Patients with stem brain lesions aie not numeious, and 
when one is found, usually its geneial condition is bad As 
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we aie asked foi a localization diagnosis, we go thiough all 
the functional examination of the Vlllth nerve, with particu¬ 
lar emphasis on the equilibrium tests, ceiebellar and vestibu- 
lai tests (central and peupheral), which aie most important 
for oui puipose, howevei, we feel now that if the neuro¬ 
surgeon is not m a huiry, and if the patient is not too bad, 
we can go thiough a moie complete audiologic examination 
in older to con elate the clinical findings with the histopatho- 
logical ones, as we have been doing with the vestibular dis- 
ordeis 

For example, heie is a case m which the cochlear study 
was veiy poor as eompaied with the vestibular mteipreta- 
tion A 47-yeai-old man had an adenocaicmoma of the thyioid 
gland with multiple metastasis m the lungs and in the cential 
neivous system He died befoie any suigeiy was performed 
The Vlllth nerve examination showed, as usual, a very nch 
vestibular symptomatology, which led us to the diagnosis of a 
partially destructive lesion of the right vestibulai aiea on 
the flooi of the fouith ventricle Accoidmg to the patholog¬ 
ical findings, the diagnosis was conect, and an 8 mm diametei 
metastasis had partially destroyed the right vestibulai nuclei, 
but we venfied a peculiar hearing loss which we could not 
intei pi et 

The audiogiam showed that this patient had a slight 
healing loss on left ear and moderate deafness on the light, 
with a Webei lateialized to the light The middle ears were 
noimal The report of the pathologist showed that a small 
metastasis involved the light olive m the medulla 

Another case, a 42-yeai-old man, had a cleai symptomatology 
of a brain tumoi headaches, vomiting and very marked 
papillo-edema, but the neuiologists weie doubtful whether 
the lesion, the tumoi, was in the antenoi 01 poster 101 ceiebial 
fossae 

If the neuiological symptomatology was puzzling, the ie- 
sults of the Vlllth neive examination were even more difficult 
to understand 

He had no heaung at left, but the vestibulai bianch, ae- 
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coidmg to the caloric lesponse was noimal On the right eai 
he had a model ate hearing loss, but no vestibular lesponse 
Besides this inverted dissociation, he also had a, spontaneous 
nystagmus to the left, b positional nystagmus, c complete 
loss of balance—could not stand upon Ins feet, d bilateral 
hypotony, and, e ataxia m the fmgei-nose tests and adiadoko- 
cmesia These ceiebellar symptoms weie bilateial 
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Fiom time to time we get cases such as this, in which the 
otoneuiological diagnosis is almost impossible, because theie 
is a cochleai paialysis with normal vestibulai in one eai, and 
a cochleai paiesis with a vestibular paralysis m the opposite 
eai As though this weie not enough, the patient had a 
definite central vestibulai symptomatology and bilateral ceie- 
bellai symptoms 

You may ask what did the electroencephalogiam show 7 
It showed abnormal activity m the light ceiebial hemispheie 


KOMBRC L If S _ 
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At the neciopsy a Iaige astiocytoma in the right cerebral 
hemispheie was found It was a laige, deeply located tumor 
which stiongly compiessed the biam stem at the mcissura 
tenton This was undoubtedly the cause of the cential ves¬ 
tibulai symptomatology The pathologist found that the tumor 
had invaded the right medial geniculate body and considered 
this lesion lesponsible foi the left total deafness and right 
partial deafness 

The contrast between the lieh vestibulai symptomatology 
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and the pool cochleai symptomatology m cases of biam stem 
lesions is suipusing I should say lathei that it is suipusmg 
the contrast between the attention we have given the vestibu- 
lai disordeis and the very 1 educed intei est we have shown 
m the cochleai disoideis 

If any conclusion can be diawn out of these clinical ob- 
seivations, it is that, until the piesent moment, very few 
efforts have been made to learn what actually happens to 
the auditory function when theie is a lesion of the brain 
stem 
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FUNCTIONS OF THE AUDITORY CORTEX 

William D Neff, 

Univeisity of Chicago/' 

Illinois 

Because of the lack of appiopnate clinical matenal, most 
of oui knowledge of the functions of the auditory piojection 
aieas of the ceiebial cortex must come fiom expenments 
done on animals othei than man In the last fifteen years, 
considerable piogiess has been made m animal investigations 
Several factois have contiibuted to this piogiess 

1 The use of electiophysiological leeoidmg and stimulating 
techniques to define moie exactly the auditory pathways and 
centers m the central neivous system, 2 the use of new 
techniques of experimental suigery, S the development of 
impioved methods of testing auditory disci lmmation, U the 
application of standaid neuioanatomical proceduies to dis¬ 
co vei new details of cortical and thalamo-cortical oiganiza- 
tion 

♦Research on hearing •which Is done In The Laboratory of Physiological 
Psychology Is supported by the Office of Naval Research and by a grant 
from the Somes Research Foundation. 
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In the following paiagiaphs some of the results of lecent 
studies which have investigated the role of the auditory 
cortex m sound discriminations, are briefly s umm arized 
Particular attention will be given to expeiiments done m our 
laboratoiy with only occasional reference to 1 elated studies 
done by othei investigators Emphasis will be placed upon 
experiments, in which behavioial methods weie used to test 
auditory disci lmmations before and aftei partial or total 
ablation of auditoiy cortex Since the auditory neivous system 
of the cat has been moie thoroughly exploied than that of any 
other animal, I shall confine most of my discussion to studies 
m which the cat was used as expenmental subject Buef 



Fig 1 Cerebral cortex of the cat Bhowing auditory areas I IF 
the Insular-temporal region and projection areas of other sensory system 


mention will be made of paiallel studies which have been 
done on the monkey 

The auditory cortex, as it has been defined foi recent ex¬ 
periments, is shown m Fig 1 It consists of the aieas labelled 
AI, All, and Ep This map is based upon lesults fiom electio- 
physiological, cytoarchitectuial, and letiogiade degeneration 
studies 1234 

In 1943, Kryter and Ades 5 leported that the absolute 
thiesholds of the cat, as tested m a conditioned avoidance 
situation, weie unchanged by bilateral ablation of a region 
which included all of AI, All and Ep They made tests only 
m the frequency lange fiom 125 cps through 8000 eps, 
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but theie is no latei evidence to suggest that losses would 
have occuned foi highei fiequencies which the cat hears * A 
loss of the learned habit occuiied as a lule after the bilateial 
cortical ablations, but leleammg was at least as lapid as 
initial learning 

In similar studies, Raab and Ades' and Rosenzweig s have 
shown that no loss m capacity to discriminate small changes 
in intensity occuis aftei bilateial ablation of AI, All, and Ep 
Again the learned habit is affected, but post-opeiative re- 
learnmg is lapid 

Seveial studies have shown that the auditory cortex of 
mammals (at least of the cat, dog and monkey) has a tono- 
topic organization, ? e , as measuied by electiophvsiolopcal 
lecoidmg from gioss electrodes a given point on the cortex 
has a lowei lesponse threshold foi a particular fiequencv, or 
nanow band of frequencies, than foi othei frequencies m 
the audible iange 8410 Because of this tonotopic organiza¬ 
tion, it has often been suggested that the auditory cortex 
may be particularly important foi discrimination of changes 
m frequency 

Experiments done by Meyer and Woolsey, 12 and by Butler, 
Diamond, and Neff, 13 have shown that this is not time Fine 
discriminations of fiequency can be made aftei complete 
bilateial lemoval of AI, All, and Ep 

Foi a numbei of leasons, a particularly important one 
being a consideration of experimental evidence on functions 
of visual cortex, it might be mfened that the auditory cortex 
plays an important part in pattern discrimination This in¬ 
ference is true, at least for discrimination of tempoial pat¬ 
terns of tones Diamond and Neff 14 have shown that aftei 
complete bilateial ablation of AI, All, and Ep, cats cannot 
discriminate two tonal patterns, one consisting of thiee tonal 
pulses ananged m the sequence, low-high-low, and the other 
of the same tones presented m the sequence, high-low-higli 
If a region corresponding approximately to AI is ablated 
bilateially, the animal can make this pattern disci rrmnation 

•It has heen sho\vn that cats can learn to respond to tones at least as 
high as 60 000 cps* 
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and, in fact, shows no post-operative loss of the learned habit 
If all but a small lemnant of auditory eoitex is ablated bi- 
lateially, theie is amnesia for the learned habit, but leleam- 
mg occuis Jenson and Neff 15 have repoited similai lesults 
foi the monkey 

Anothei kind of disci lmvnation, m which a deficit has been 
shown to occui aftei ablation of auditory cortex, is localiza¬ 
tion of sound m space Neff, Fishei, Diamond, and Yela, lc 
and Neff, Ainott, and Fishei, 1 " have shown that cats aie de¬ 
ficient m ability to localize sound m space aftei bilateral 
ablation of all 01 even of part of the auditory areas I, II, and 
Ep Aftei complete ablation of these aieas, an animal will 
localize accuiately an angle of about 40 degiees, wheieas the 
noimal animal, m the same situation, will localize a sound 
(buzzei) when the angle between separate positions in which 
it is piesented successively is as small as 5 degiees 

Fiom the post-opeiative study of the biams of animals 
used m some of the studies descubed above, and from studies 
done by Rose and Woolsey, 2 a fanly clear pictuie of the gross 
thalamo-cortical lelationships has been obtained Aftei abla¬ 
tion of AI theie is complete, oi neaily complete, degeneiation 
of the antenoi half (appioximately) of the puncipal part of 
the medial geniculate body Aftei ablation of AI, All, and 
Ep the degeneiation extends postenoily to include the an- 
tenoi two-thnds of the geniculate Degeneiation m the 
postenoi pait of the geniculate is found only when the abla¬ 
tion is extended into the msulai and tempoial cortex vential 
to All and Ep In an unpublished anatomical study, Dia¬ 
mond, Chow, and Neff have shown that some degeneration 
of the postenoi thud of the medial geniculate occuis after 
expei imental ablations confined to the msular-tempoial 
legion Fiom a caieful analysis of the letiogiade degeneia¬ 
tion found m the medial geniculate aftei cortical ablation, it 
becomes cleai that theie is moie than one kind of piojection 
fiom the medial geniculate to the cortex AI receives what 
Rose and Woolsey have termed “essential” piojection, while 
All, pait of Ep, and the msulai-tempoial legion leceive 
“sustaining” projection, howevei, this two-category division 
is not sufficient, since it appeals that the kind of projection 
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to All, Ep, and to the msulai-tempoial legion may not be 
the same 

Attention having been called to the msulai-temporal cortex 
because of its anatomical lelationship to the medial geniculate 
body, expei iments have been started to determine the lole it 
may play in auditory disciimraation Results, which aie not 
yet complete, indicate that fiequency discriminations can be 
made aftei complete bilateial ablation of AI, All, Ep, and 
the msulai-tempoial legion (m some cases the ablations weie 
also extended anteiioily m the ectosylvian gyius to include 
somatic aiea II) A very sui prising finding has been that 
a severe, and peiliaps complete, loss of pattern disci lmmation 
occuis aftei bilateial ablation of the msulai-tempoial cortex 
alone, aieas AI, All, and Ep being left intact 18 This finding 
suggests that the msulai-tempoial legion serves a function 
consideiably moie important than that of a receiving aiea 
foi affeient impulses Its integrity may be essential for the 
normal functioning of the othei auditory cortical aieas, or it 
may have to do with the tiansmission and utilization of audi- 
toiy information which is leceived and elaboiated m aieas I, 
II, and Ep A legion homologous m teims of its lelations 
anatomically to the auditory system and its lole m auditory 
discrimination lemams to be discoveied m othei mammals 
The identification of such a legion m the monkey 01 othei 
pinnate will be of particulai mteiest 

The cuisory leview which I have given of expenmental 
studies of the auditoiv cortex is sufficient, I hope, to indicate 
that the so-called auditory cortex is not a unitary legion, 
whethei consideied fiom the standpoint of its stiuctuial 
lelationships 01 of its function We have a reasonable amount 
of knowledge about the affeient projections of the auditory 
system to the subdivisions of tins 1 egion, we know very little, 
howevei, about its connections with othei systems, e g, with 
the unspecific affeient systems, with the limbic system, and 
with the lecunent 01 effeient auditory system to which oui 
attention has been called by the experiments of Giant Ras¬ 
mussen 181B -° 

In my opinion, we have made considerable piogiess m 
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undei standing something of the role of the total auditory 
legion in sensoiy disciimmation, but oui analysis of the 
functions of the sub-aieas is only beginning This must be 
kept m mmd when considering the relationship between the 
results of experimental studies and clinical studies of man 
In the'lattei, complete bilateial destiuction of auditory pio- 
jection aieas probably never occuis Lesions pioduced by 
accident, disease 01 suigeiy aie not likely to be confined to 
any one subdivision, noi even to auditoiy cortex, and the exact 
locus of the lesion can seldom be determined by post-mortem 
examination, neveitheless, if experimental studies of animals 
aie extended m directions such as I have suggested, and, if 
use is made m the clinic of tests which measure functions 
similai to those which can be tested m lowei animals, a 
giadual and profitable integration of findings fiom leseaich 
m the experimental laboiatoiy and m the clinic should be 
possible 
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introduction 

A decade ago you would not have believed what has been 
piesented today concerning the auditory system, and the 
auditory cortex m particulai This modem reseaich into the 
auditory system was initiated by the Office of Naval Reseaich, 
to whom we owe a special debt foi the conti lbutions v, hich 

tThls in\ estimation was performed under Contract Nonr-1779 (01) (YR 
140-103) between the Unl\ersit\ of Oregon Medical School and the Office 
of Na\al Research It was supported also b> a research grant (B-45) from 
the National Institute of Neurological Diseases and Blindness Reproduc¬ 
tion In whole or In part is permitted for ant purpose of the United States 
Go\ ernment 
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you have heaid Dewey Neff has piesented an outstanding 
leview of the leseaich on the auditory cortex which piesents 
many pioblems, and then solutions aie slow in being leahzed 
Bit by bit the knowledge of the anatomy and physiology of 
the auditoiy cortex is accumulating, so that we have now a 
moie advanced undeistandmg of this region of the biam, 
howevei a senous need is a discipline which will permit a 
bleak thiough into the function of the auditory cortex, and 
moie generally into the function of the biam as a whole We 
would like to hope that this discipline is attainable within the 
next decade The need foi knowledge of how the biam func¬ 
tions is important, not only to the undeistandmg of the 1 elation 
of the auditoiy cortex to speech perception and healing but 
also to an undeistandmg of the biam m neuiological and 
mental diseases I believe that you will agiee with me aftei 
listening to these excellent papeis today, that the audiometei 
aftei all tests but a tmy portion of our hearing 


We are indebted for oui knowledge of the minute anatomy 
of the neive cells m the auditoiy cortex to Cajal 2 and Lorente 
de No, 3 who have applied the Golgi silvei techniques to unravel 
the tempoial legion The nerve cells m the auditoiy cortex 
are so densely packed that the detailed course of the individual 
neive connections cell by cell is still practically unattainable 
The neive fibeis fiom the medial geniculate body to the cortex 
have been exploied giossly by letiogiade degeneiation tech¬ 
niques Some facts aie known of the nerve fibeis ansing 
fiom the other parts of the biam and terminating m the 
auditory cortex Biodman’s 1 paieelmg of the ceiebial cortex 
into aieas has pioved of doubtful value to the modem neuro¬ 
physiologist 


Physiological studies have led to more piecise location of 
the projections fiom the geniculate body upon the cortex, 
and m particulai the detail within these connections 0 7 8 9 10 
We have data on the time it requites nerve impulses to tiavel 
from eai to coitex, the distubution of lesponses ovei the sui- 
face, and the cell layeis wheie the lesponses anse In abla¬ 
tion expeiiments perfoimed on vanous animals we aie faced 
■with the surpusmg fact that surgical lesions of the auditory 
cortex pioduce little effect on conditioned leflexes 12 Removal 
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of the auditoiy cortex causes no change in the thieshold of 
healing, multiple conditioned leflexes aie not affected, but 
Dewey 4 5 has piesented endence foi distuibances m condi¬ 
tioned leflexes to tempoial aspects of stimuli The seaich 
foi psychological con elates of heaung has been m vain 
Evidence foi space localization of sounds, pitch disciimmation 
01 diffeience limens of intensity oi pitch has not been found 
Peihaps theie is some evidence foi a loudness function 

Thus fai we have failed to implicate the auditoiy cortex 
with a specific function Let us considei moie closely the 
meaning of function We all like to apply the teim function 
m teims of oui own behavioi, oi something that v e can giasp 
simply Suppose m this case we considei the function m 
terms of the central neivous sjstem With tins m mind, let 
us examine certain stable pioperties of the auditoiy cortex 
that do not change undei vanous conditions One such prop¬ 
erty is the fiequency localization m which a response to a 
particulai fiequency of a sound always occuis m the same 
location 13 The spacmg between the foci of lesponse is con¬ 
stant, giving us what might be called a fiequency map of the 
auditoiy cortex The time of amval as well as the time couise 
of the lesponses lemain constant The masking of the cortical 
lesponses by means of steady tones oi noise is extiemely 
stable and accurately measureable 11 The masking data fiom 
the cortex aie not unlike the lesults obtained m human sub¬ 
jects The thieshold cuive at the auditoiy cortex, even undei 
anesthesia, is identical to the normal thresholds of human 
healing Othei constant pioperties aie the lefiactory penod, 
the absence of contialateial masking, the excitation of a ship 
of coitex at one intensity foi one eai but not the othei, and 
the lefiactory penod between lesponses due to sounds de¬ 
livered to the opposite ears 

How the auditoiy cortex functions must be based upon the 
stiuctuial and physiological pioperties that lemam stable 
The nervous system does not heai what is occuinng at the 
ear, but only the electncal activity m the nerve cells of the 
pathways and the auditoiy cortex. It is a necessary piemise 
that oui acoustical environment must be lepiesented m a 
reasonable form m the central nervous system, a conclusion 
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not unlike that of Locke, Beikley and Hume, that oui external 
world is limited to oui own cential nervous system Oui 
interests m stable pioperties is that they alone can foim 
the repiesentations of the external environment The lepie- 
sentations form a copy of the acoustical woild, and it is with 
this copy that the nervous system must concern itself If 
the copy is not stable nothing would be known of the external 
world Since we aie dealing with copies 01 lepiesentations, 
albeit m coded foim, we aie most ceitamly dealing with 
communication 

In oui study of these copies of oui external envnonment, 
a region has been found m which aftei much simplification 
theie exists a memory foi over one-and-a-half billion different 
sounds, 15 a memory lasting as much as 200 times the duiation 
of sound itself This portion of the auditory cortex is no 
longei than three-quarteis inch and no wider than one-half 
inch Yet to this legion of the biam no psychological coi- 
1 elate, noi function m teims of behavioi, has been assignable 

What then is the function of this area to the neivous 
system itself 7 What we would like to do is study the effects 
of the area on messages oi information By studying the 
lelation of acoustical signals to the lepiesentations it has 
become possible to establish a mathematical formulation of 
the communication aspects of the auditory cortex This 
allows up to compute the amount of mfoimation received at 
the auditory cortex in vanous sounds, therefoie, might not 
communication theory be the discipline we need to under¬ 
stand the function of the biam 7 Aftei all, the brain uses 
up moie information than any othei substance None of us 
would believe that the mind consists of mitochondna, proteins, 
sugais, acetylcholine, choline esteiases oi other enzymes 
These matenals aie like the junction of two metals to a 
tiansistoi, or what oil is to a relay, but have no bearing on 
the information handled by such devices Needless to say 
the brain has been compared to computeis, but m many ways 
it has pioperties diffeient from these mechanisms I, there¬ 
fore, ask you to watch the developments m information 
theory towaid a solution of the problem of the brain 

Study of the anatomy and physiology of the auditory cortex 
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has uncoveied a multitude of nev facts dui mg the last decade 
concerning its stiuctuie and peifoimance Conditioned leflex 
studies have mled out many possible functions of the aiea 
but have suggested othei ones What is needed is a new 
discipline 01 scientific method which \\ ill give us the answei 
to the function of the biam Such a method we feel is veiy 
likelv atailable in communication theory 
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FUNCTION OF THE AUDITORY CORTEX 
CLINICAL DISCUSSION (NEUROSURGERY) 

Robert B King/ 

State Umveisity of New Yoik, 

Syiacuse, N Y 

In discussing the functions of the auditoiy coitex from a 
clinical standpoint, a subject so ably presented by Dr Neff 
in "Paiameters of conti oiled physiological investigation,” I 
must confess that little definitive clinical woik has been 
undertaken Theie are, howevei, many areas of mutual con¬ 
cern to physiologist, anatomist, physicist and physician, in¬ 
deed, even suigeon As Di Neff has said, theie is often a 
5 to 10 yeai gap between concepts of function demonstrated 
m laboiatory envnons and then initial adaptation foi clin¬ 
ical use A majoi challenge to all of us must be to absoib 
this time deficit by earliei synthesis of laboratory analysis, 
and theieby to gam undei standing of non-climcal investigative 
findings Avhich aie of clinical consequence Clinical per¬ 
plexities, howevei, examined in the aiena of the investigator, 
will yield fiuitful avenues foi investigation of fundamental 
mechanisms in anatomy, physiology and psychiatry The 
intei change of experience should be mutual 

Recent and cuirent studies of auditoiy cortex with para- 
meteis of neuiophysiology and psychology have been discussed 
today Although clinical efforts to understand the function¬ 
ing of auditoiy cortex m moie than bioad and general terms 
have had a late beginning, yet thiee avenues of clinical study 
are of cuilent inteiest 

Detailed examination of disci lmmation functions have been 
leported by Bocca, and weie discussed in detail yesteiday 

In a similai vein, discriminative functions have also been 
studied in six patients with infantile hemiplegia before and 
aftei hemispheiectomy 

1 Puie tone audiogiams weie normal A list of spondees 


•Formerly at Washington University St. I^ouls Mo 
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was piesented to each eai of these patients, and tlneshold 
intensity established foi the conect identification of 50 per 
cent of these bisyllabic woids At 70 db above this threshold, 
then, two series of monosyllabic test woids weie delivered 
sepai ately to each eai A distinct disci epancy between the 
left and right was clearly evident m such testing of dis¬ 
ci lminatory function Forty-five pei cent of test words de- 
liveied to the ear conti alateial to the abnormal hemisphere 
weie mconectlv identified, while 20 pei cent of the woids so 
delivered to the ear contralateral to the moie normal hemis- 
pheie weie not lepeated conectly This 20 pei cent may 
indicate a wide variation of normal i elated to the relatively 
normal hemispheie 

Although the post op E E G in this hemisphere became 
moie normal, and theie was improvement m seizuies and 
behavioi disorders in these patients, theie was no improve¬ 
ment m then postopeiative discrimination scoies This pei- 
sistmg deficit suggests that noeifeious cortex of the abnormal 
hemispheie was not contributing materially to the deficit 
mfeiied foi the moie normal hemispheie It may be that 
this degree of abnormality repiesents the maximum potential 
foi discrimination of a smgle hemispheie Fuithei experi¬ 
ence with such testing techniques as these may well yield 
useful methods for better clinical understanding of focal 
cortical lesions of auditory and l elated association coitex 

A second avenue of clinical investigation has been that 
which Penfield and Ins co-workeis 2 have explored The stimu¬ 
lation of abnormal cortex with patients undei local anesthesia 
may initiate an auditory expenence Tmnitis may be reported 
■with stimulation of the supenoi temporal gyrus From neigh¬ 
boring regions, complex, and at times prolonged auditory 
sequences, songs or even symphonic oichestrations, may be 
reported by the patient In this circumstance, how r evei, a 
combination of memory and lecall of auditory events add to 
the complexity of the analysis Although the stimulus m 
such a circumstance as this is quite an artificial one, the 
experience described by patients may be realistic m manv 
details 

There has been no extensive study of the electiophysiologic 



424 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


FUNCTION OF THE AUDITORY CORTEX 
CLINICAL DISCUSSION (NEUROSURGERY) 

Robert B King,* 

State University of New Yoik, 

Syiacuse, N Y 

In discussing the functions of the auditory cortex fiom a 
clinical standpoint, a subject so ably presented by Di Neff 
m “Parameters of contioiled physiological investigation/' I 
must confess that little definitive clinical woik has been 
undei taken Theie aie, howevei, many aieas of mutual con¬ 
cern to physiologist, anatomist, physicist and physician, in¬ 
deed, even suigeon As Di Neff has said, theie is often a 
5 to 10 yeai gap between concepts of function demonstiated 
m laboiatory environs and then initial adaptation for clin¬ 
ical use A majoi challenge to all of us must be to absorb 
this time deficit by eaihei synthesis of laboiatory analysis, 
and theieby to gam understanding of non-clmical investigative 
findings which aie of clinical consequence Clinical pei- 
plexities, howevei, examined m the aiena of the investigator, 
will yield fiuitful avenues for investigation of fundamental 
mechanisms m anatomy, physiology and psychiatry The 
interchange of expenence should be mutual 

Recent and cunent studies of auditory cortex with para¬ 
meters of neuiophysiology and psychology have been discussed 
today Although clinical efforts to understand the function¬ 
ing of auditory cortex m more than bioad and geneial terms 
have had a late beginning, yet thiee avenues of clinical study 
are of cunent inteiest 

Detailed examination of disci lmmation functions have been 
leported by Bocca, and were discussed in detail yesterday 

In a similar vein, disci lmmative functions have also been 
studied m six patients with infantile hemiplegia before and 
after hemispheiectomy 

1 Puie tone audiograms were normal A list of spondees 


•Formerly at Washing-ton University St Louis Mo 
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the next two slides The first (see Fig 2) illustrates evoked 
radiation responses from frontal association cortex (as m 
Fig IB) with repetitive stimulation (A—6/sec B—10/sec., 
C—20/sec , D—50/sec., and E—50/sec) using DC amplifiers 
Note the negative shift m steady potential with increasing 
frequencv of stimuli, and the persistence of this shift after 
terminating the stimulus 


A 

B 

C 

D 


E 


Fig. — nisht angle at right calibration for E-S f *n v and 1 s-ec_ Plght 
angle at l#*ft is calibration for A-D 50 V and msec. 

Similar repetitive stimulation of subcortical white matter 
of the superior temporal gvrus (see Fig 3) shows further 
changes not seen in recordings from frontal association 
cortex. The increasing complexity of this response is ap¬ 
parent as the frequency of stimulation increases (B—6/sec., 
C—10/sec., D—20/sec., E—50/sec., F—100/sec.) In "B” 
and “C” a negative shift similar to that shown m Fig 2 for 
frontal association cortex is apparent, but in “D,” “E,” and 
“F,” an early positive shift of the base is the dominant, change 
returning to the original base line. The negative shift persists 
after the period of stimulation at lower frequencies 
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potentials evoked by such stimuli m man A thud avenue 
of investigation then is being exploied Single and multiple 
evoked lesponses of human cortex aie being studied and will 
be leported at a latei date s Such evoked potentials indicate 
that theie may be a numbei of legional vanables m human 
coitex which do not appeal in studies of other cortex 

Fig 1 illustrates evoked potentials fiom human fiontal 
association cortex and fiom the supenoi tempoial gyius A 
calomel cell lecoidmg electiode on the pia was lecoided 


A B C D 


1/v 


L 

Fig: 1 Calibration angle 600 V 20 msec 


against a 1 emote electiode Stimuli foi "A” weie dehveied 
at the suiface 3 mm fiom the lecoidmg electiode The 
potential indicates a puie dendutic lesponse Stimuli foi 
“B” weie dehveied at the subcortical white mattei of the 
same gyius just below the suiface lecoidmg electiode (radia¬ 
tion lesponse) In “C” the stimulus was applied to sub¬ 
cortical white mattei of the adjacent gyius activating “U 
fibeis The suiface of the supenoi tempoial gyius was re- 
coided m “D,” while stimulating adjacent white mattei 
(ladiation lesponse) The lesponse m “B” and “D” aie then 
analogous The mci eased complexity of the potential form 
m the latei instance is appaient The piolonged late negative 
deflection m “D” has not been seen m lecoids taken fiom a 
limited numbei of othei cortical legions 

Fuithei companson of the evoked cortical lesponse m 
fiontal and tempoial association aieas can be illustrated m 
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the next two slides The fust (see Fig 2) lllustiates evoked 
ladiation lesponses fiom fiontal association cortex (as m 
Fig IB) with lepetitive stimulation (A—6/sec , B—10/sec , 
C—20/sec , D—50/sec , and E—50/sec ) using DC amplifieis 
Note the negative shift in steady potential with mcieasing 
fiequency of stimuli, and the peisistence of this shift aftei 
teiminatmg the stimulus 


A 

B 

C 

D 

E 


rig 2 Right anglo at right calibration for E GOO, Y and 1 hoc Right 
angle at loft ifl calibration for A D 50 V and 20 msec 

Similai lepetitive stimulation of subcortical white matter 
of the supenoi tempoial gyrus (see Fig 3) shows further 
changes not seen m lecordmgs fiom frontal association 
cortex The increasing complexity of this response is ap¬ 
parent as the frequency of stimulation increases (B—6/sec , 
C—10/sec , D—20/sec , E—50/sec , F—100/sec ) In “B” 
and “C” a negative shift similar to that shown m Fig 2 for 
frontal association cortex is appaient, but m “D,” “E,” and 
“F,” an early positive shift of the base is the dominant change 
returning to the original base line The negative shift persists 
aftei the period of stimulation at lowei fiequencies 
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Fig- 3 Vertical cellbratlon 500 V Horizontal calibration 20 msec 


A detailed analysis of these evoked cortical potentials is not 
wan anted at piesent Many more lecoids must be acquued 
befoie a synthesis, based on such an analysis, can have mean¬ 
ing in teims of the functioning of neuial components of 
fiontal and tempoial association cortex This third avenue 
of clinical investigation has only lecently been followed and 
must be furthei exploied 

In summary, I have tiled to indicate thiee avenues for 
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clinical investigation of the functioning of auditory cortex 
which have shown some piomise of extending oui knowledge 
of these legions 
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PERCEPTIVE HEARING LOSS * 

Harold F Schuknecht, 

Henry Ford Hospital, 

Detioit, Mich 

In lecent years much investigation has been dueeted to- 
waid the physical and bioelectiic mechanisms by which the 
cochlea leceives the sound stimulus and codes it into neuial 
impulses Oui knowledge of the auditory physiology beyond 
the cochlea is less well known Futuie research m this aiea 
will be concerned with the mechanisms by which neural pat¬ 
terns aie decoded and integrated with established memory 
patterns and othei information, to result in hearing as we 
experience it 


THE HUMAN AUDITORY CORTEX 

The human ceiebral cortex has been mapped according to 
mmoi vanations m the pattern of the giey matter 123 The 
auditory cortex of man is located in the supenor temporal 
gyrus along the sylvian fissuie, which corresponds to the 
topogiaphic areas 41, 42 and 22 of Biodmann (see Fig 1) 

♦Percepts e hearing loss here refers to that type due to disorders of 
th e a uditory pathways and cortex 'srhlch is In accordance rvlth the recent 
terminology suggested by the Committee for Conservation of Hearing of 
the American Academy of Ophthalmology and Otolaryngology 
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Campbell has fuithei divided this aiea into an audito-sensory 
legion (aiea 41, thought to be lelated mainly to auditory 
perception) and an audito-psychic legion (aieas 42 and 22, 
thought to be impoitant foi auditoiy memoiy) These con¬ 
cepts, howevei, do not justify thinking of these aieas as dis¬ 
ci ete functional units 



rip 1 Auditor} cortex of man ns determined bj c' to-archltoctonlc 
studies Shown nre areas 41 42 and 22 of Brodmann and the nunito- 

sonsort (l uled) and audtto-ps\ clilc (stippled) areas of Campbell 


Fuithei evidence legaldmg the auditoiy coite\ of man 
comes fiom the investigations of Penfield and Rasmussen, 4 
who electucally stimulated the auditoiy coitex of humans 
duimg the couise of mtiacianial opeiations Local anesthesia 
was used, and the patients weie asked to 1 elate then auditoiy 
expel lences 

Some of the sensations leported by the patients aie listed 
below 

Ringing sound like dooibell 
Humming sound 
Low-pitched sound like a motoi 
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Continuous “clicking’,” like crickets at night 
Change m the sound of youi voice 
Rushing sound, like a bud flying 

Contialateial eai felt as though she could not heai out of it 

Noise like buds chnpmg 

I heai funny things 

I heai “boom boom” on something 

Buzzing m contralateral eai 

Key of your voice changed 

I am a little deaf 

The lecoids fiom these patients did not lend themselves 
to statistical study or detailed analvsis, howevei, the mvesti- 
gatois made the following observations 

1 Auditors' responses weze moie numei ous m the audito- 
ps\chic aiea of Campbell (aieas 42 and 22 of Biodmann), 
and less fiequent m the audito-sensorv aiea (aiea 41 of 
Biodmann) 

2 Electiical stimulation of the tempoial lobe lesulted m 
the sensation of sound m some patients and the sensation of 
being deaf in otheis, theiefoie, stimulation seemed to paia- 
lyze as well as activate 

3 The auditory sensations weie most often lefened to the 
contralateial eai 

4 Electiical stimulation close to the margins of the sylvian 
fissure weie moie apt to pioduce simple tones, ungmg, etc, 
while stimulation awav from the fissuie was moie apt to 
introduce an element of intei pi etation of the sound 

Thev also made a verv intei estmg observation in patients 
having psychical seizuies, the lattei being desenbed as a 
puielv psichical state chaiactenzed bv sudden change m 
peiception of envnonment, a sort of dieam state Seveial 
patients having visual oi auditory hallucinations m then 
psvclnc state experienced these phenomena when the tempoial 
cortex was electiically stimulated Appaientlv m these pa¬ 
tients the cortex pieviously liad been activated or conditioned 
by lecuiient epileptic dischaiges, so that electiical stimula- 
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tion lesulted in activation of aequned patterns of neuial flow, 
m othei woids, the memoiy pathways 

LESIONS OF THE TEMPORAL LOBE 

The possible effect of unilateial tempoial lobe tumors on 
healing has inteiested clinicians foi some time, but because 
heai mg tests weie lacking m quantitative values no consist¬ 
ent pattern of auditory loss was established for tempoial lobe 
lesions 5 5 " 8 Although bilateial temporal lobe lesions aie less 
common, they can exist m Pick’s disease and in cerebiovas- 
culai disoideis, and m such cases the obseivers have con¬ 
sistently reported a total bilateial healing loss 891011 With 
the development of electionic equipment, which peimitted 
standaidized audiometnc evaluations, many new psycho¬ 
acoustic phenomena have become manifest One of the phe¬ 
nomena peitment to this discussion only lecently established 
is the loss of auditory intelligibility which accompanies tem¬ 
poral lobe tumoi This observation was slow in developing 
because the discrimination defect did not legistei m com¬ 
monly used discrimination tests but became manifest only 
when a moie difficult test was imposed upon the auditory 
system 

Apparently the amount of auditoiy mfoimation which is 
piovided with each phoneme m normal speech is m excess 
to that which is necessary for intelligibility and, therefoie, 
mild degrees of leceptive aphasia (loss of auditoiy intelligi¬ 
bility) can exist without being detected by standard dis¬ 
crimination tests Bocca, et al , 12 and Pietiantom, et al , 13 
have shown, however, that if a patient with a temporal lobe 
tumoi is given a moie difficult discilmmation test, consist¬ 
ing of distorted speech (acceleiatmg, intei luptmg, limiting 
frequency lange, delivering m noise), the intelligibility is 
decreased m the ear contralateial to the tempoial lobe lesion 
Goldstein, et al , 14 also have observed this phenomenon m 
patients with infantile hemiplegia 

Patients so afflicted are unable to understand the spoken 
language m spite of normal auditory acuity Sounds reach¬ 
ing the ears of these patients aie transmitted along the audi¬ 
tory pathways, but have no meamng Perceptive aphasia 
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appeals to be a true entity and is thought to lesult fiom 
aplasia, mal-development 01 tiauma to the auditory cortex 
Furthei proof is needed, howevei, to establish firmly the 
concept that auditory aphasia is the manifestation of a tem- 
poial lobe cortical deficit A similai disoidei, termed auditory 
impel ception, is chaiactenzed by an ability to undei stand 
speech and develop language with auditory training, but dif¬ 
ficulty m intei preting auditory tests involving disci lmmatory 
lesponses 15 Derbyshne, et al , 10 have shown that under 
favoiable conditions auditory lesponses can be lecoided m 
electioencephalogiams of humans, and that the method can 
be used as an objective test of heaung Accoidmg to Rosen- 
blith 1 " it may be possible to develop that method into a prac¬ 
tical clinical tool through the use of an electionic computei, 
which will sift the auditory response out of random back- 
giound cortical activity A senous limitation of objective 
auditory tests, of course, is that they do not tell us whethei 
the lesponses reflect useful oiganized auditory information 

DECREASE IN NEURONE POPULATION 

Neff and associates 18 have shown that aftei bilateral abla¬ 
tion of the auditory cortex m cats, the pui e-tone thieshold is 
preseived, but moie complicated discriminations, such as 
localization of sound and pitch disci lmmation, appear to be 
altered The combination of cncumstances m which theie 
is a disci immation loss out of pioportion to the change m 
pui e-tone thresholds is not unique foi cortical lesions, foi it 
is also present when the first ordei neuione is partially 
destroyed by acoustic neurinoma, as was fnst pointed out by 
Woellner and myself m 1953, 19 and subsequently by Liden 20 
and Walsh and Goodman 21 and Goodman 22 (see Fig 2) 

The deafness of aging (piebycusis) also is often ehaiactei- 
lzed by disci immation loss out of pioportion to the pui e-tone 
threshold loss (see Fig 3) It has alieady been shown that 
the presbycusic ear often suffeis greatei degeneiation of the 
cochlear nerve than of the corresponding oigan of Corti 23 24 28 
(see Fig 4) In the aged person the neuione population at 
higher levels m the auditory system may also be decreased. 
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Flp 2 Audiometric and \ eatibular tests of patient -with loft acoustic 
neminonin proven subsequentb at operation In tlie left ear the pnre-tonc 
thresholds for the three speech frequencies (600 1000 and 2000) were near 
normal houexer the speech discrimination score uas onl\ 1G por cent on 
repeated tests (PB41nx Rush Hughes recorded woid list) 


foi it is well established that the aging biam suffeis a diffuse 
neuronal degeneration 

The auditoiy manifestations m patients with tempoial lobe 
lesions, acoustic neunnoma and piesbycusis, suggest that 
lesions involving the auditoiy pathways result m a system 
that tiansmits simple signals of threshold magnitude (such 
as puie tones) but cannot handle the complex signals of 
speech 

Woellnei and I designed an experiment m which we fuithei 
tested the concept that partial loss of fibeis at the level of 
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the fust oidei neuione is consistent with normal puie-tone 
tlnesholds Wo i king with conditioned cats we found that 75 
per cent of the acoustic nerve fibeis could be lost by actual 
count without cieating a healing loss foi pure tones 20 (see 
Fig 5) 


communication theory 

In recent yeais concepts of information-ti ansmission have 
been expiessed m pi ease mathematical terms Although 
few of us are capable of understanding the mathematics in¬ 
volved, we leadily appieciate its importance for auditory 
intelligibility, the ear analyses speech by recoding the sound 
signals into impulses which travel up the auditory nerve 
We know that the fundamental coding mechanism is very 
simple, and that a nerve impulse is either present oi absent 
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Pltf 2 Audlomeli ic and \ estlbulnr tcatR of patient w Itli left acoustic 
neininomn jiroi on NiibflequoziUj n.t operntlon In the left car the pure-tone 
thresholds for the throe speech frequencies (500 1000 and 2000) wero ncai 
normnl ho\\o\er the speech discrimination score i\rh onh 1C per cent on 
repeated teats (PB-Max Hush Hughes recorded word list) 


foi it is well established that the aging biam suffeis a diffuse 
neuional degeneration 

The auditoiy manifestations m patients with tempoial lobe 
lesions, acoustic nemmoma and piesbycusis, suggest that 
lesions involving the auditoiy pathways lesult in a system 
that tiansmits simple signals of thieshold magnitude (such 
as pme tones) but cannot handle the complex signals of 
speech 

Woellnei and I designed an expenment m which we fuilhei 
tested the concept that paitial loss of fibeis at the level of 
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This principle of “all or none” is basic to nerve physiology 
Othei limitations aie that a single nerve fibei will carry a 
maximum of only 800 to 1000 impulses pei second We may 
enumeiate the valuables m a neuione pattern as follows 

1 Frequency of impulses m a single fibei (below 1000 cps) , 

2 time relation between impulses m the vanous fibei s, 8 se¬ 
lectivity as to which fibers aie being activated, U the num- 
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Fig 5 Behavioral audiograms and cochlear charts lor two animals 
with partial section of the cochlear nerve The frequencies are placed 
along the abscissa of the audiogram in accordance -with their anatomical 
distribution along the cochlear duct. The abscissa of the cochlear chart 
Indicates millimeters along the cochlear duct as measured from the basal 
end and the black filling shows per cent of ganglion cells lost as deter¬ 
mined b\ actual count Note that tor Cat 2 there is an average loss of 
about 7Z per cent of ganglion cells but pure-tone thresholds remained 
normal 


ber of fibers being activated In spite of the “all or none” 
law, the cochleai nerve can carry all of the information re¬ 
quired foi intelligibility of the spoken voice This is possible 
because of the tremendous numbei of channels m this com¬ 
munication system, for we know there are about 35,000 
channels, or fibers, m the human cochlear nerve In a patho¬ 
logical auditory pathway with a loss of nerve fibers, a limita¬ 
tion is imposed upon the coding mechanism, and the amount 
of information vhich can be transmitted fiom the ear to the 
biam is less than noimal 
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Pip 1 Photomicrographs of spiral ganglion of normal j oting person 
(abo\e) and 70-t ear-old man (below ) both \Iews from the up E er 4 i nnd 
turn The aged man had se\ere degeneration of the organ of Corn an 
spiral ganglion In the lower basal turn accounting for a high tono acai- 
ness In the upper basal turn the organ of Cortl was normal but 
w as a loss of 30 per cent to 50 per cent of the spiral ganglia It is ini 
loss of neurone population w hlch probable accounts for the deteriorating 
audltorj discrimination (phonemic regression) In the aged 
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CONCLUSIONS 

No one has yet evolved a completely clear concept of the 
psycho-acoustic manifestations lesultmg fiom lesions of the 
auditory pathways and centeis It is already appaient, 
howevei, that such lesions result m losses of intelligibility, 
varying fiom the mildest, detected only by special discrimina¬ 
tion tests, to seveie auditoiy aphasia I am certain, howevei, 
that furthei physiological expenmentation and clinical study 
will piovide a bettei basis for the legional and functional 
diagnosis of disordeis involving the auditory pathways 
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ancient method now, but it was a populai technique then 
About 1930 the fust sound level meteis weie introduced 
Because the useis soon found that many sounds gave the 
same leading on the meteis but did not sound the same, an 
effort was made to appioximate the chaiactenstics of the 
eai Tins effort was unsuccessful, but the lesults of it lemain 
with us as the A, B, and C scales of modem instalments 

It soon became cleai that some sort of fiequency analysis 
was necessary Vanous nanow-band analyzeis weie de¬ 
veloped, but their use was limited because of the tedious 
natuie of the measuiement The moie modern octave band 
analyzei stakes a happy medium between detailed fiequency 
analysis and ease of measuiement It has been used exten¬ 
sively m the past decade, and most mdustiial noise data are 
today being leported m octave bands Recently, fractional 
octave bands have appeared but do not, to date, enjoy wide- 
spiead use because of the added complexity of leportmg the 
data 

Until a few yeais ago sound piessuie level and fiequency 
were the pumaiy paiameteis involved m noise measuie¬ 
ment All measuiements weie essentially cioss-sections m 
time Veiy little attention was paid to the fluctuations and 
variations of the noise as time passed An excellent compila¬ 
tion of mdustiial noise measuiements of this type has been 
piepaied by Kaiplus and Bonvallet, (American Industrial 
Hygiene Association Quai-teily, Vol 14, page 235, 1953) , 
howevei, measuiements of this sort can only be lelated to 
impairment of healing when the exposuie is steady thiough- 
out the working day, and the noise has no unusual tiansient 
charactei istics 

Since the lelations of noise to heaung loss are of gieat 
rmpoitance m the field of mdustiial noise, moie emphasis 
has been placed m lecent yeais upon the design of instru¬ 
ments that give information about the transient chaiactei of 
the noises The impact metei, developed by Geneial Radio, 
and the exposure metei, developed by Ciouch, aie two ex¬ 
amples of this tiend towaid instruments that aie aimed at 
the measuiement of the time-varying chaiactei istics of noise 
Reseai ch sponsoied by the Aimed Foices has also been di- 



THURSDAY MORNING SESSION, 
May 16, 1957 


HEARING LOSS AND NOISE EXPOSURE 

The International Confeience on Audiology convened at 
9 30 A M, m the Auditonum of the Washington Umveisity 
School of Medicine, St Louis, Missouri, Pi of Walter A 
Rosenblith, Associate Professoi of Communications Bio¬ 
physics, Massachusetts Institute of Technology, Cambridge, 
Massachusetts, piesiding 

Dr Ira J Hirsh, (St Louis, Missoun) Unfortunately, Di 
Kenneth Day could'not be with us, and Pi of Waltei A Rosen¬ 
blith has consented to act as chairman foi this session 


NOISE IN INDUSTRY 

Jerome R Cox, Jr , 

Cential Institute foi the Deaf, 

St Louis, Missoun 

This is a leport on some noise measuiements that weie 
made m a number of factones m a certain section of the 
United States These measuiements weie dnected towaids 
evaluating individual noise exposuies The goal of the sur¬ 
vey was some statistical indication of the mdustnal noise 
exposuies m a section of the countiy Before presenting 
the pioceduie foi the suivey and the results, I will give a buef 
review of noise measuiements m the United States 

In 1925, noise measuiements weie made m the City of New 
Yoik, with the aid of the 3-A audiometei, an early Western 
Electric instrument The masking produced by the noise 
was measuied by the audiometei The sound piessuie levels 
weie then calculated fiom the masking This seems like an 
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Fig 1 Typical floor plan of department surveyed All significant 
noise sources In this small shop are identified rrorking areas of emplovees 
are indicated bv crosses and each measuring station is marked b\ a circled 
number 


industry and the numbei of employees, shifts, breaks m the 
daily exposure, and otliei departmental information The 
fundamental framework foi reporting- oui data is shown in 
Fig 1 

This is a di awing typical of the departments surveyed 
This is the flooi plan of a small shop, showing all the signifi¬ 
cant noise sources, the location of all the workers, the location 
of each of the measuring stations, and, m addition, informa¬ 
tion about the acoustical environment and movements of 
employees who do not remain m a fixed position 
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lected towaid the measuiement of noise exposuie lather 
than the simple fiequency distribution that was so popular 
during the past decade 

I think the concept of a noise exposuie is one of the 1 m- 
poitant developments m the field of industrial noise It is 
usually assumed that time and intensity aie equally impoitant 
m deteimining the noise exposuie A quantitative way to 
state tins assumption is to say that sound eneigy, the pio- 
duct of time and intensity, is pioportional to the noise ex¬ 
posure, and, theiefoie, dnectly 1 elated to the healing loss 
that may lesult from the exposuie Students of physics will 
lecall that the product of time and intensity is eneigy—in 
this case sound eneigy 

In computmg sound eneigy, intensity is expressed in watts 
pel unit aiea lathei than m decibels, a logarithmic unit 
Translated into decibels, the eneigy iule means that a noise 
piesent thioughout an eight-houi woikmg day would be 
equivalent to a similai noise that is present dui mg one-half 
the woikmg day, but thiee decibels moie intense Similaily, 
a noise piesent only one-tenth of the woikmg day is equivalent 
to a noise ten decibels less intense, but piesent thioughout 
the woikmg day The assumption that noise exposuie is 
pioportional to the sound eneigy leceived by the eai has not 
been adequately validated It is a frequent assumption, and 
I will make no attempt to justify it 

In 01 dei to evaluate noise exposuie a tiemendous amount of 
data is necessary It is almost unbelievable to people who 
have not encounteied the pioblem Data must be taken on 
the intensity, fiequency distribution, tiansient chaiacteiistics, 
and the daily time pattern of the noise In addition, the 
woikeis’ movements m the noisy aiea, and the characteristics 
of the sound field, must be lecoided With these data, it is 
possible to estimate the noise exposuie accoidmg to the as¬ 
sumption that exposuie is piopoitional to sound energy In 
the measurements to be reported, we attempted to gathei all 
of the information necessaiy for the evaluation of every 
man’s noise exposuie m each of the plants suiveyed 

A geneial data sheet gave information about the kind of 
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w as studied The total numbei of woikeis w hose exposuies 
weie evaluated is just slightly undei thirty thousand As 
vou can well imagine, consideiable data was accumulated 

Because of the scope of the sum ev, it was necessaiy that 
a simple scheme be developed foi analysis of the data The 
following pioceduie was followed 1 A lough fiequencv 
analysis was earned out to estimate the sound pressure level 
m the 300-600 c p s band This octa\ e was chosen because 
it is the important soiting octave, accoidmg to the data pre¬ 
sented in the lepoit of Committee Z 24-X-2 of the Amei lean 
Standaids Association (Ameiican Standaids Association, The 
Relations of Hearing Loss to Noise Erposinc, Z 24-X-2 Re- 


Classification of 

Noise Exposure 

A 

B 

C 

D 

Equivalent Sound Pressure 

Greater 

105 db 

95 db 

Less 

Level in the 100 600 cps 

Than 

to 

to 

Than 

Octave Band 

105 db 

95 db 

S5 db 

S5 db 


Flg- 3 Classification of noise exposures according to the stead} sound 
pressure le\el ha\ lng a total energy each da} equal to that In the 300-600 
cps octa\e of the actual noise 


port New Yoik, 1954) 2 The equn alent exposuie le\el 

was found by using the assumption that eneigy is propor¬ 
tional to exposuie discussed a few moments ago S Appro- 
pi late adjustments based on expenence with smiilai machines 
m otliei plants must be employed, because quite often data 
aie not as complete as thev should be. 4 All of the noise 
exposuies aie categonzed into the foui classifications show n 
m Fig 3 

The equivalent sound piessuie level shown is m the 300-600 
c.p s octat e band All of the noise exposuies aie soited 
into these foui classifications Aftei obtaining the totals m 
each classification we weie suipused to find fewei A ex¬ 
posuies than anticipated Upon le-examming the distubution 
of mdustiies in the aiea studied we fmd a heavy lepresenta- 
tion of mdustiies having only a few A exposuies, theiefore, 
an adjustment of each of the majoi classifications of mdustiv 
was made on the basis of the census of manufactuieis 
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Noise measuiements weie sometimes made with octave 
bands, but often a simple sound suivey metei sufficed because 
it is fastei, less conspicuous, and satisfactoiy foi lough evalu¬ 
ations of noise exposuies A lough fiequency analysis can 
be made fiom leadings taken on the thiee scales, A, B, and 
C, of the suivey metei (J R Cox, Ji , Appioximate fie¬ 
quency analysis fiom weightmg-netwoik data m acoustic 
measuiements General Radio Experimenter, Vol 28, p 1, 
1953) This scheme woiked because of the statistical natuie 
of the suivey, but cannot be geneially lecommended 


Meter 

Location Readingsfdb ) REMARKS 

No _ ABC __ 

8 98 98 98 1 A small riveting machine Connector is held 

on anvil and hammer sets rivet Repeated 
impact 

2 About 300 blovvs/min Operator makes 12 
parts/min 

3 Sound of hammer striking small part No 
other source of noise 

4 Each rivet takes 510 sec 4 bursts/part 

Machine in use when compression riveting 
is behind schedule Foreman estimates that 
this occurs about 25% of the time Operator 
is otherwise unexposed . 


Fig 2 A small section of the form used to report data from each of 
the measurements stations The four items at the right describe the noisy 
machine its operating conditions the nature of the noise and the no'se 
exposure pattern The number at the left refers to the location of tne 
measurement shown on Fig 1 


Figuie 2 shows a small section of the foim used to report 
data fiom each measuiement station At the right we see 
foui items the natuie of the noisy machine, the opeiating 
conditions of the machine, the natuie of the noise fiom the 
machine m teims of some moie familial noise, and the noise 
exposuie pattern In this example the machine is on only 
about twenty-five per cent of the time 

The suivey coveied a total of seventy-five plants m twelve 
diffeient classifications used by the Census Buieau Of the 
lemammg eight, seveial weie not noisy industries, some 
employ veiy few people, and one was not found m the aiea 
m which this suivey was conducted, therefoie, it is be¬ 
lieved that a sufficiently laige vanety of noisy mdustiies 
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nation subjected to A exposuies weie suddenly to mcui a 
50 db hearing loss, the mean thieshold hearing level of the 
nation would shift by only 0 2 db This verifies the fact that 
there must be many other causes of hearing loss There are 
otheis not considered in this study who have senous noise 
exposuies Many people use fnearms extensively m and 
out of the Armed Services In addition, theie are othei kinds 
of hearing losses that aie difficult to differentiate from heal¬ 
ing loss caused by noise 

One final statement that deseives emphasis is just be¬ 
cause a man works m industry is not a sufficient leason to 
assume that his healing loss is caused by noise 


HEARING LOSS IN INDUSTRY 

Aram Glorig, 

William Grings, 

Anne Summerfield, 

Subcommittee on Noise m Industry, 

Los Angeles, Calif 

INTRODUCTION 

Valid information about the relations of hearing loss to 
noise-exposure is difficult to obtain Undoubtedly, this dif¬ 
ficulty is due m part to the complexity of the relations, but 
theie aie also many obstacles that must be oveicome befoie 
we can obtain suitable data fiom which to diaw valid con¬ 
clusions about these complex relations It is the purpose of 
this paper to discuss a lecent study of industnal hearing loss 
as a means of showing some of the difficulties encounteied 
m making inferences fiom existing audiometiic lecoids, to 
discuss the difficulties geneially encounteied in field leseaich 
m heaung, and to descnbe oui attempts to lessen these 
difficulties 

Two important questions to be answered aie 1 How much 
heaung loss lesults fiom noise-exposure, 2 what is the rela- 
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The total numbei of woikeis in noisy mdustnes is shown 
in Fig 4 The population of the nation at the time of the 
sui vey was a hundred and sixty million The total numbei of 
people not m schools or hospitals is one hundied and ten 
million The laboi force is sixty-thiee million, but the laboi 
foice m the manufacturing mdustnes is only seventeen 
million Excluding admimstiative workeis the lemamdei is 
fourteen million, of whom only ten million are in industries 


__ Millions 

U S Population (1953) _ _ _ 160 

Non Institutional Population _ _ _110 

Labor Force „ _ 63 

Labor Force in Manufacturing _ 17 

Production Workers in Manufacturing „ 14 

Production Workers in Noisy Industiies v 10 


Fig 4 Distribution of the U S population at the time of the sur'ey 
Noisy Industries exclude those that general]} have no significant noise 
exposures anywhere In the industry ie the apparel industry 


PERCENTAGE OF PRODUCTION WORKERS IN NOISY INDUSTRY 
IN VARIOUS NOISE EXPOSURE CLASSIFICATIONS _____ 



A 

B 

C 

D 

Percentage 

- - - 05% 

4 5% 

17% 

78% 


Fig E Estimate of the percentage of yy orkers In noisy Industries who 
are exposed to y arlous noise exposure classifications as defined In Fig J 
Percentages are adjusted from regional survey data to reflect national 
distribution of noise exposures The Armed Sen Ices transportation ana 
construction yyorkers and farmers hay e been excluded from the suryey 


that have significant noise exposuies It is estimated that 
those ten million woikeis aie distributed among the noise 
exposuies A, B, C, and D, accoidmg to the peicentages shown 
m Fig 5 


One is suipused that the peicentage m the A classification 
is so small Remembei, howevei, that the Aimed Seivices, 
tiansportation and constiuction woikeis, and faimeis have 
been excluded fiom the study Only woikeis in manufactui- 
mg industiies that have significant noise exposuies have 
been included 


In conclusion, theie aie a few seveie noise exposuies, 
many less seveie ones, m fact, if all of the woikeis m 


but 

the 
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The data sampled contains 9,145 audiogiams of mdustnal 
and flight line personnel The audiograms represented 5,816 
diffeient individuals—3,212 factory workers and 2,604 flight 
line personnel There weie 3,229 repeat audiogiams The 
lepeat audiogiams included both peiiodic recheck and special 
medical lefenals, and it was not possible fiom the lecoid to 
differentiate between these two 

Supplementary information piovided with the audiogiams 
included age, history of exposuie to noise, job category and 
medical history Age was indicated by gioups of yeais only, 
18-25 yeais, 26-35 years, 36-45 yeais and 46 yeais or over 
Exposuie to factory noise was recoided m three classes less 
than one yeai, 1-5 yeais and 5 leais and ovei Flight line 
(jet) exposuie time was specified m houis 0-100, 100-500, 
and 500 houis oi ovei Most peisons had work expellence 
m moie than one job category The laigest “puie” woik 
gioup, 1,196, was made up of meteis Accuiate senal 
lecoids of noise-exposuie factois and of information about 
changes m medical oi work history wei e not always available 

The data contained evidence of the production of healing 
loss by noise-exposuie Fig 1 shows curves of healing loss 
vs yeais of noise-exposuie foi gioups of male factory woik- 
eis Sepai ate curves are piesented foi each of thiee age 
gioups 18-25, 26-35 and 36-45 leais Note that the curves 
show mcieasing high frequency healing loss with increasing 
exposuie time At frequencies below 2000 c.p s theie is less 
evidence of systematic change Healing loss as a function of 
yeais of exposuie foi 1,190 uveteis is plotted m Fig 2 Ac- 
coidmg to the information available in the lecoids, these men 
had been exposed to uvetmg noise only Note that the hear¬ 
ing losses shown by these men aie very similar to the losses 
displayed m Fig 1, which lepiesents the entire gioup of 
factory woikeis Tests of statistical significance were applied 
to these data, and the lesults indicate that heaung losses at 
fiequencies above 3000 cp s aie statistically significant At 
3000 c p s , losses m the oldei age gioup only aie statistically 
significant, and below 3000 cps the indicated losses aie 
statistically not significant From these lesults we would 
mfei that on the aveiage, as the jeais m noise mciease so 
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tive importance of diffeient conditions that conti ibute to the 
pioduction of hearing loss’ To answei these questions we 
must have measuiements of many noise-exposui.es and seual 
audiogiams of peisons exposed to each noise, seual audio- 
giams consist of an original and seveial well spaced lepeat 
audiogiams The audiometnc measuiements must be accui- 
ate, and the information contained m the descuption of the 
noise-exposuie must be complete and detailed 

The ideal appioach to the pioblem of healing loss m in¬ 
dustry would be to cany out contiolled experiments m m- 
dustnal plants For these expenments we would lequire ideal 
testing envnonments and complete fieedom foi scheduling 
tests We would test many peisons at lepeated intervals of 
vanous lengths Different groups of these peisons would be 
exposed to noise of diffeient specific characteiistics, and 
theie would be no ovei lapping of the specific exposures Ob¬ 
viously, practical consideiations limit the achievement of such 
ideal expei imental conditions in the field It has been pos¬ 
sible, through the geneious coo peiation of certain companies, 
to do contiolled experiments m the field with small numbeis 
of peisons, but foi some of the statistical analyses we wish 
to pei foi m we need many thousands of audiograms It is 
not possible to collect this special data fiom laige gioups of 
peisons m the field We aie lestucted to the information we 
can obtain fiom the data lecoids that aie made available to 
us from heaung conservation piogiams already oigamzed 
and earned out m industry As a specific illustration of this 
type of data analysis, let me descube a lecent study made at 
the Research Centei of the Subcommittee on Noise in Industry 

RECENT STUDY OF INDUSTRIAL HEARING LOSS 

The law data foi this study were obtained fiom lecoids 
which had been made available by a laige auciaft manufac- 
tuiei These data weie enteied on punched caids and were 
then analyzed with lespect to thiee topics 1 Evidence foi 
heaimg loss caused by noise-exposuie, 2 diffeiences in heal¬ 
ing loss occumng in diffeient plant occupations within the 
company, and 3 possible souices of enoi which might in¬ 
validate the l esults of the study 
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some disconcerting and unexplained discrepancies which ap¬ 
peared when the curves were compared with hearing loss 
curves from other studies 

Specifically, the. average hearing losses at the highei fre¬ 
quencies for both groups from the airciaft plant, (riveteis 
and flight line mechanics) are less than hearing losses for 
any occupational gioup, even foi office woikers, measured at 
a State Fair Hearing Survey conducted at Milwaukee, Wise, 
m 1954 This lesult suggests that a search should be made 
for possible souices of bias m both sets of data Some un¬ 
specified selective factors mav haie operated m the assign- 
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Fig- 1 

does healing loss mciease at tested fiequencies above 3000 
c p s 

The data weie also analyzed with lespect to differences m 
heaung loss that might occui m diffeient occupations m ie 
an ci aft company A companson of the heaung losses o 
uveteis and of jet flight line mechanics may be made fiom 
the cuives piesented in Fig 3 Note that theie is a consistent 
diffeience between the median losses of the two gioups, 
that the flight line mechanics have the bettei healing m all ag 
gioups The diffeiences aie piobably statistically significa , 
but tests foi statistical significance weie not made because 



INTERNATIONAL CONFERENCE ON AUDIOLOGY 


451 





3 UT 

2000 c?» 


(>r > 





Hedl n he ring o*» for 1190 warVe with riv ting 
«*p« In o > with dlff * t length* of o*po wre 
Right ir m > 


>«*r «?• 

> «r eg » 


> to- 

119 


Flp 2 


some disconcerting and unexplained disci epancies winch ap¬ 
peared when the curves weie compaied with healing loss 
curves from othei studies 

Specifically, the. aveiage hearing losses at the highei fre¬ 
quencies foi both gioups fiom the aneraft plant, (nveteis 
and flight line mechanics) are less than hearing losses for 
any occupational gioup, even foi office workers, measuied at 
a State Fair Hearing Survey conducted at Milwaukee, Wise, 
m 1954 This lesult suggests that a seaich should be made 
foi possible souices of bias m both sets of data Some un¬ 
specified selective factors may have opeiated m the assign- 
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Comparison of median hearing loaaei for men with 
riveting experience and with let engine flight 
line expoture Right ear only 

Group* » Jet engine flight line exposure 

o -• Riveting 


ment of men to a paiticulai woik categoiv m the ancia 
plant, then too, the audiogiams m this plant mav have been 
influenced bv ceitain medical lcfcnal policies 

The locoids with the soi lal audiogiams wcie checked ca 5 c- 
fullv foi obvious eiiois such as deci easing age, impossib e 
changes m veais of noiso-exposuic such as a lnstoiv of five 
\eais m noise on one iccoid and six months laid a lnstoiv 
of seven veais m noise, etc These data showed eiiois of t us 
tvpc m less than 1 pci cent of the i ccoi ds 

What then have ve learned fiom this analysis’ The data 



INTERNATIONAL CONFERENCE ON AUDIOLOGY 


453 


indicate that m geneial, high fi equency hearing loss mci eases 
with mciease m noise-exposure time up to six yeais, the time 
penod foi which data weie available, that within the com¬ 
pany jet flight line mechanics show less loss than riveters, 
and that these uveteis and mechanics show less healing loss 
than do compaiable age gioups m another study of men m 
what aie consideied to be non-noisy occupations Findings 
such as the lattei aie unexplained at present, and we aie 
understandably reluctant to accept at face value, 01 to publish 
without explanation, the results of this and other similai 
studies 

Oui expel lence, as exemplified in the study above, has in¬ 
dicated that many of the differences between groups of data 
aie not strictly 1 elated to diffeiences m noise-exposures, 01 
even to such lelevant factors as age Before we can diaw 
valid conclusions about the 1 elation of hearing loss to noise- 
exposuie, we must find ways to minimize the importance of, 
or to contiol statistically the factors that aie not 1 elated to 
the noise-exposuie The lemaradei of this paper will be de¬ 
voted to a discussion of some of the difficulties encountered 
in gathenng and analyzing data from field studies of noise- 
mduced healing loss and to a brief description of attempts 
that aie being made to effect the necessary controls 

EXPERIMENTAL DIFFICULTIES 

In the mam, the difficulties encounteied in oui field le- 
seaich m mdustiy aie of two kinds those peculiar to studies 
of noise-induced healing loss and those common to all experi¬ 
ments Tluee of the pioblems peculiai to studies of noise- 
mduced heaimg loss aie 

1 Description of Noise-exposw e One of the most difficult 
pioblems associated with a study of noise-exposuie is that of 
devising a method of descubmg and categoiizmg m a mean¬ 
ingful vay the multitudinous types of noise-exposuie en¬ 
counteied In 01 dei to descube noise-exposuie adequately for 
con elation purposes, some numencal method of classification 
must be evolved This method of classification must piovide 
a way of combining the measuiement of quantity of sound 
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Comparison of median hearing loises for men with 
riveting experience and with jet engine flight 
line exposure Right ear only 

Croupa — - j e t engine flight line expoaure 
o - -• Riveting 

Fig- 3 

ment of men to a particulai work categoiy in the ail craft 
plant, then too, the audiogiams m this plant maj r have been 
influenced by certain medical lefenal policies 

The lecoids with the senal audiogiams weie checked caie- 
fully foi obvious enors such as deci easing age, impossible 
changes m yeais of noise-exposuie such as a history of five 
yeais m noise on one lecoid and six months latei a history 
of seven yeais m noise, etc These data showed eiiois of this 
type m less than 1 pel cent of the lecords 

What then have we learned fiom this analysis’ The data 
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noise-exposuies fiom measuiements of then physical pa- 
lameteis, the second goal, which I feai will not be lealized 
foi some yeais, will be to index the anditoiy effects of vanous 
noise-exposuies on man 

2 Tempoi arp Tin esliold Sin ft A second difficulty peculiai 
to studies of heaung loss is caused by the tempoiary healing 
loss that lesults fiom seveial houis exposuie to noise Re- 
coveiy fiom this loss is usually complete a few houis aftei 
cessation of exposuie, with the majoi part of the lecovery 
normally oecuning m the fust 30 to 60 minutes The ex¬ 
istence of this tempoiary loss, oi tempoiary tin esliold shift, 
has an important influence on the validity of field data 
Recent measuiements made in oui laboiatory indicate that 
at 4000 cps the tempoiaiy thieshold shift lesultmg fiom 
two houis’ exposuie to white noise may be less than 5 db 
m one peison and moie than 35 to 40 db in anotliei Fig 4 
shows the mean thieshold shift of a gioup of ten subjects 
whose healing was measuied at half-houi mteivals, duimg 
and aftei a two-houi exposuie to white noise of 100 db over¬ 
all sound piessuie level Theie appeals to be no systematic 
vanation m the size of the shift experienced by diffeient 
individuals 

We have also made field measuiements of the tempoiaiy 
thieshold shift caused by exposuie to tvpical industrial noises 
These measuiements weie made thioughout the woikday on 
several hundied employees of an airciaft company The field 
findings confirmed the laboiatory findings 

If mdustiial heaung tests aie made late m the woikday 
aftei employees have experienced seveial hours of exposuie 
to noise, the resulting audiogiams will be contaminated by 
tempoiaiy thieshold shifts Tempoiaiv thieshold shift, as a 
function of the time of day the audiogiam is made, can cause 
a consideiable vanation m an individual’s audiogiams, tlieie- 
foie, if some collection foi tempoiaiy thiesliold shift is not 
applied to industrial audiogiams the tiue thieshold of hear¬ 
ing will be disguised by tempoiary thieshold shifts, and much 
of the available field data will not be suitable foi studies of 
permanent heai mg loss 
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eneigy with measuiements of its time distubution The le- 
sult might be called a “noise-exposuie-mdex " One appioach 
to the total problem would be to index noise-exposuie first 
with lespect to its 'physical dimensions, and then as a furthei 
step, to index the effects of the noise-exposuie on man The 
pioblem of assessing noise-exposuie is veiy complex, and 
laige amounts of data must be gatheied and analyzed befoie 
we can say what a piaetical and useful assessment of noise- 
exposuie is 

Recent measurements indicate that sufficiently detailed 
information about the eneigy content of noise-exposuie is 
not piovided by RMS measuiements A lepoit fiom Haiold 
Ci ouch, of Eastman Kodak Co, shows that although the 
RMS values of oveiall levels of certain so-called “steady state” 
noises weie m the legion of 100 db, the instantaneous levels 
weie as high as 120 db foi 10 per cent oi 15 per cent of the 
time In my opinion, evidence such as this must not be over¬ 
looked We may find that peak factors m noise-exposuie 
con elate better with resulting healing loss than do some of 
the factois we have already consideied, such as the frequency 
distubution of energy in the noise-exposuie In spite of the 
vai lability of the mdustnal piocesses and of the accompany¬ 
ing noise-exposures, laige numbeis of industrial audiogiams 
show the same type of heanng loss the loss begins m the 
legion of 4000 cps and spieads m both dnections as ex- 
posuie time increases It appears then, that energy content of 
noise, its peaks, its time distubution and its total duiation, 
regardless of spectial distribution, are factois which beai 
close scrutiny 

Although we aie cognizant of the fact that time plays a 
pait m the production of heanng loss, we have not yet learned 
what time interval is most suitable foi con elation purposes, 
should it be one work day, one woik year, oi some point be¬ 
tween 7 

The Reseaich Center of the Subcommittee on Noise in In¬ 
dustry has lecently undertaken a program oi gatheimg and 
analyzing detailed information about noise-exposures The 
first goal of this piogiam is to devise a method of indexing 
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noise-exposuies fiom measuiements of then physical pa- 
lameteis, the second goal, which I feai will not be leahzed 
for some yeais, will be to index the auditory effects of various 
noise-exposuies on man 

2 Tempoiaiy Tineshold Shift A second difficulty peculiai 
to studies of heaung loss is caused by the tempoiary healing 
loss that lesults fiom seveial houis exposuie to noise Re¬ 
covery fiom this loss is usually complete a few horns aftei 
cessation of exposuie, with the majoi part of the lecovery 
normally occumng m the first 30 to 60 minutes The ex¬ 
istence of this tempoiary loss, oi tempoiary thieshold shift, 
has an important influence on the validity of field data 
Recent measuiements made m oui laboiatory indicate that 
at 4000 cps the tempoiaiy thieshold shift lesultmg fiom 
two houis’ exposuie to white noise may be less than 5 db 
m one pel son and moie than 35 to 40 db m anothei Fig 4 
shows the mean thieshold shift of a gioup of ten subjects 
whose heanng was measuied at half-houi mteivals, dui mg 
and aftei a two-houi exposuie to white noise of 100 db over¬ 
all sound piessure level There appeals to be no systematic 
vanation in the size of the shift expenenced by diffeient 
individuals 

We have also made field measuiements of the temporary 
threshold shift caused by exposuie to typical mdustnal noises 
These measuiements weie made thioughout the woikday on 
several hundied employees of an anciaft company The field 
findings confirmed the laboiatory findings 

If mdustnal heanng tests aie made late m the woikday 
aftei employees have expenenced seveial hours of exposuie 
to noise, the resulting audiogiams will be contaminated by 
tempoiaiy thieshold shifts Tempoiaiv thieshold shift, as a 
function of the time of day the audiogiam is made, can cause 
a consideiable vanation m an individual’s audiogiams, theie- 
foie, if some collection foi tempoiary thieshold shift is not 
applied to mdustnal audiogiams the tiue threshold of heal¬ 
ing will be disguised by tempoiarv thieshold shifts, and much 
of the available field data will not be suitable foi studies of 
permanent healing loss 



456 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


In what ways can we conti ol the effect of temporary thresh¬ 
old shift 7 Ideally, we might use only those audiograms that 
weie made at least 16 houis after cessation of exposure to 
noise This obviously limits us to too few audiograms foi 
good statistical analyses On the other hand, it is impossible 
for industry to make all audiograms at the beginning of the 
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woikday befoie employees have been exposed to noise Our 
most fiuitful appioach seems to be to devise some valid 
statistical method for conti oiling the effect of tempoiary 
threshold shift We hope to gam enough information fiom 
oui laboiatory studies and fiom analyses of laige numbeis 
of mdustnal lecoids winch include the time of day the audio- 
giam was made to be able to devise such a method The 
laboiatoiy measuiements will tell us, foi continuous exposuie 
to noises which aie similai to white noise, how much tem¬ 
poral y threshold shift is to be expected on the average at 
diffeient houis duung the woik day Incidentally, it should 
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be made clear that recording the time of day the audiogram 
was made is not sufficient, a statement which descubes the 
amount of noise-exposuie prior to the time of giving the 
heaung test should also be mcluded Further, there are 
promising indications from our studies of mdustiial lecords 
that if we have a measure of the noise-exposure we may be 
able to use late-m-the-day audiograms to predict the average 
"pre-exposure” threshold for a group of employees, or as I 
prefer to call it, the average nesting threshold for the group 

3 Hearing loss that accompanies age A third difficulty 
which besets the study of noise-induced hearing loss is the 
compounding of lnner-eai hearing losses due to several causes 
Age, otological disease and noise-exposure may all produce 
inner-ear hearing loss There is no way of telling from the 
individual audiogram which of these causes produced a given 
loss Assummg that we can identify all cases of otological 
disease from medical histones and so can eliminate them 
from samples to be studied, we are still faced with the piob- 
lem of separating noise-induced hearing loss from “age- 
induced” hearing loss 

Theie is a semantic difficulty here as well as a procedural 
problem Let me explain The word most commonly used 
to denote loss of hearing with age m “presbycusis ” Strictly 
speaking, “presbycusis” denotes only that there is a relation 
between hearing loss and age, it does not specify what the 
relation is The meaning of the word has become somewhat 
restricted, howevei, by usage and by analogy with the re- 
stncted meaning of other terms containing the prefix “pres- 
by- ” In medical literature, the word “presbycusis” has been 
used commonly to denote hearmg loss that accompanies age 
and that lesults only from physiological changes that occur 
with the passage of time Schuknecht* describes the cause of 
presbycusis as “degenerative changes beginning at the basal 
end of the cochlea and extending toward the apex, affecting 
almost equally and simultaneously the various structures 
within the cochlear duct, including the afferent and efferent 

*!? cllukllecllt ’ F PrebycuslB The Larvngoscope 15 102-419 June 
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neive fibeis The foimation of this atiophic lesion lesembles 
the age piocess known to affect othei tissues as age mcieases ” 

Although the teim “piesbycus 2 s” is not now so lestncted, 
we feel that it should be leseived to denote specifically the 
healing loss that is pioduced as a result of the aging piocess, 
and that is not dnectly 1 elated to envnonmental factors In 
addition to the teim “piebycusis,” then, we need woids to 
descnbe mnei-eai healing losses caused by noise-exposuies 
The laige healing losses of noise woikeis ceitamly cannot 
be consideied as a tme leflection of changes pioduced by age 
alone, m pait, these losses aie caused directly by the envnon- 
ment Theie is also some indication that a laige pioportion 
of the population, including pel sons not employed in noisy 
occupations, may sustain an aveiage noise-induced heaimg 
loss that is gieatei than piesbycusis but is consideiably less 
than the aveiage noise-mduced occupational loss This smallei 
noise-induced loss lesults presumably fiom exposuie to social 
and domestic noises that aie common in oui society We aie 
now making measmements to deteimme the magnitude of 
this loss 

At this time we considei mnei-eai healing losses not caused 
by otological disease to be made up of one 01 moie of these 
thiee losses 

1 The loss pioduced by physiological aging processes, 01 
“piebycusis ” Piesbjmusis has no dnect causal lelation to 
noise-exposuie 

2 The loss pioduced by noise-exposuies not gieatei than 
those found m oidinary envnonmental social situations Foi 
want of a bettei term this heaung loss might be called 
"sociocusis” Sociocusis is causally l elated to the noise- 
exposuie encountered m non-occupational pui suits and/oi m 
occupations where the noise levels do not oidmanly exceed 
those found in oui social envuonments The noise-exposuies 
m most offices, fox example, aie less than the exposuies one 
encounteis m many social and domestic activities such as 
uding m an automobile with the windows open, opeiatmg 
washing machines, vacuum cleaneis, elect!ic mixeis and othei 
noise pioducmg home appliances These two losses, piesby- 
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cusis and sociocusis, aie not necessarily 1 elated to one’s occu¬ 
pation Disease, diet, stiess and social environmental noise 
undoubtedly produce a gradual loss of hearing which mcieases 
with advancing age Tins concept of “weai and teai” on the 
auditory system fiom non-occupational causes must be con- 
sideied if we aie to come to any sensible decision regarding 
noise-induced hearing loss 

3 The loss pioduced by mdustnal 01 military high level 
noise-exposures, 01 , if you will, “occupational healing loss ” 

In oidei to diaw conclusions legal ding the auditory effects 
of specific noise-exposuies we must piovide a method foi 
sepalatmg out the non-noise-exposui e-i elated healing loss 
Oui piesent concept is that occupational healing loss and 
the healing loss accompanying age aie additive losses The 
true natuie of the intei 1 elation of noise-exposuie and othei 
causes of healing loss lemains to be deteimined, but until it 
is, we shall continue to assume that mnei-eai healing losses, 
fiom whatevei cause, aie additive Undei this assumption 
we determine the aveiage occupational healing loss as fol¬ 
lows 1 measure the total heaimg loss, 2 subtiact fiom this 
measuied hearing loss the amount of loss to be expected fiom 
non-occupational causes, the lemamdei is the occupational 
healing loss How laige is the expected non-occupational loss 7 
The answei may be found by measunng the healing of many 
peisons who have no otological disease and who have not 
been exposed to high noise levels foi extended peiiods of 
time The curves shown m Figs 5 and 6 are representative 
of the “non-occupational healing loss that accompanies age” 
foi males and females respectively These curves “summar¬ 
ize” the healing measuiements made on seveial hundied male 
office woikeis and female office workeis, housewives, etc, 
with no history of disease or occupational noise-exposuie 

FIELD EXPERIMENTS DIFFICULT TO CONTROL 

Let us now considei some of the difficulties associated 
with the actual gathering of data m the field 

First, from a piactical standpoint the piocess of hearing 
measurement alone presents many almost insurmountable 
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neive fibeis The foimation of this atrophic lesion lesembles 
the age piocess known to affect othei tissues as age mci eases ” 

Although the teim “piesbycusis” is not now so lestucted, 
we feel that it should be leseived to denote specifically the 
heaiing loss that is produced as a lesult of the aging piocess, 
and that is not dnectly related to environmental factors In 
addition to the teim "prebycusis,” then, we need woids to 
descube mnei-eai hearing losses caused by noise-exposuies 
The laige heaiing losses of noise woikeis ceitamly cannot 
be consideied as a tiue reflection of changes produced by age 
alone, in part, these losses are caused dnectly by the environ¬ 
ment Theie is also some indication that a laige proportion 
of the population, including peisons not employed m noisy 
occupations, may sustain an aveiage noise-induced heaiing 
loss that is gieatei than piesbycusis but is consideiably less 
than the aveiage noise-induced occupational loss This smallei 
noise-induced loss lesults presumably from exposuie to social 
and domestic noises that aie common m our society We aie 
now making measurements to deteimme the magnitude of 
this loss 

At this time we considei mnei-eai heaiing losses not caused 
by otological disease to be made up of one 01 moie of these 
thiee losses 

1 The loss pioduced by physiological aging processes, or 
“piebycusis ” Presbycusis has no duect causal i elation to 
noise-exposuie 

2 The loss pioduced by noise-exposures not gieatei than 
those found m oidinary envii onmental social situations Foi 
want of a bettei term this heaiing loss might be called 
"sociocusis” Sociocusis is causally a elated to the noise- 
exposuie encountered m non-occupational pui suits and/or m 
occupations wheie the noise levels do not ordmaiily exceed 
those found in oui social enviionments The noise-exposuies 
m most offices, foi example, aie less than the exposures one 
encounteis in many social and domestic activities such as 
udmg m an automobile with the windows open, opeiatmg 
washing machines, vacuum cleaneis, electne mixeis and othei 
noise producing home appliances These two losses, piesby- 
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Second, m spite of the a\ ailability of prefabricated test 
booths, the emnonmental conditions under which most in¬ 
dustrial audiometry is done leave much to be desired We 
are now engaged m an educational campaign to make indus¬ 
trial and military physicians and technicians fully aware of 
the importance of propel test conditions The pertinent in¬ 
formation is made available m the levised Guide, m journal 
articles, in special training courses offeied for audiometric 
technicians, etc 

Third, an examination of the methods of lecoidmg data 
leveals variations, inadequacies and errors winch make it 
almost impossible to use much of the available matenal 
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difficulties Foi leseaich purposes we should have measuie- 
ments of thieshold i espouses to puie tone stimuli, but it is 
piactically impossible to make such measuiements for the 
employees m laige mdustnes A tiend towaid scieenmg 
audiometiy is becoming evident m the laigei plants Theie 
is usually time foi thieshold tests duimg the pie-employment 
physical examinations, howevei, and we have consistently 
uiged that thieshold healing tests be made a part of this 



Fig 5 Curves of presbycusis and soclocusls (nonoccupatlonnl 
loss that accompanies age) male office orkers—1964 Wisconsin State 
Hearing Sur\ej (604 ears) 


examination We have also lecommended that lapid follow¬ 
up tests of healing 01 lecheck tests be made foi many em¬ 
ployees with the single fiequency scieenmg method devised 
by Di Howaid House and myself The time saved by use 
of this scieenmg technique should make it possible foi most 
mdustiies to give thieshold tests to employees whose healing 
has undeigone a significant change These lecommendations 
and many otheis have been made available to mdustiy m oui 
levised Guide foi Conseivation of Hearing m Noise, published 
m 1957 
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Foui th, one of the woist pioblems to contend with m the 
use of mdustnal data is the lapid tumovei of peisonnel 
Veiy few noisy mdustnes employ the same peisonnel ovei 
long enough penods of time foi us to make fiuitful studies 
of heaung loss The anciaft companies, foi example, have 
almost a 100 pei cent turnovei pei yeai m then noisy de- 
paitments Consequently, it is unusual to be able to follow 
the same pei son with lepeat tests foi moie than a few months 
at a time Foi this leason, we must obtain very large amounts 
of data if we aie to diaw valid conclusions about mdustiial 
heaung loss in general 

Fifth, audiometnc data is subject to the usual enois of 
sampling and measuiement Such enois may make measuied 
values consistently laigei than 01 smallei than the “true” 
value Vanable enois may cause measuied values to fluctu¬ 
ate fiom one occasion to anothei and theieby “hide” changes 
011 elationslups m a maze of vai lable unstable numbers Com¬ 
pany policy foi assigning men to vanous jobs may give use 
to sampling bias by pioducmg an occupational gioup within 
the company that is not typical of the occupation m industry 
as a whole Enois may lesult fiom failuie to contiol lelevant 
factors while measuiements aie being made Audiometnc 
measuiements, foi example, aie known to be influenced by 
such effects as piactice and fatigue Expenmenteis must be 
caieful to equate companson gioups m such matteis as age, 
sex, etc The calibration of the equipment must not be 
changed between the time of testing one companson gioup 
and anothei 


CONCLUSIONS 

In spite of the many very leal difficulties that aie encoun- 
teied m field studies of industrial heaung loss we feel that 
industnal and military audiometnc data can be used to good 
advantage if they aie piopeily lecoided and if the necessary 
supplementary mfoimation is included m each lecoid Foi 
leseaich purposes, industnal lecoids should contain at least, 
1 the age, m years, of the pei son tested, 2 a standai dized 
specification of the noise envnonment, 3 an accurate lecoid 
of the ipan’s exposuie history, k a statement of the leason 
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rif? 7 

Recognizing' the lmpoitance of accurate lecoids, we devised 
a standaid foim fox lecoidmg healing conservation data 
This foim, called a “Heaimg Conseivation Data Caid” is 
shown in Fig 7 The Data Card is unquestionably a step m 
the light daection, but undoubtedly it will be yeais befoie it 
will be accepted by industiv m geneial 
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and limitations, future mdustnal data can be used to good 
advantage if certain remediable faults are conected 

A LABORATORY METHOD FOR THE STUDY 
OF ACOUSTIC TRAUMA * 

Donald H Eldredge, 
and 

Walter P Covell, 

Central Institute foi the Deaf and Washington University, 

St Louis, Mo 

To begin I should like to stiess two points first, the work 
to be discussed heie is part of a continuing pioject to leam 
moie about acoustic injury of the eai Many otheis woikmg 
at the Central Institute for the Deaf, especially Dis Davis, 
Riesco-MacClure, Fem&ndez, Tasaki, Legouix, Goldstein and 
Benson, have made majoi contributions to these techniques 
m the past Di Davis continues as oui most helpful advisor, 
and, when he has time left over from his many other duties 
and researches, is still an active collaborator 

Second, we aie leally studying acoustic tiairma in the 
laboratory, and this is quite different from the subject mattei 
of the othei presentations of this morning Ideally, in plan¬ 
ning this piogiam Drs Silverman and Hirsh would like to 
have had someone describe the pathologic physiology of human 
eais which had been exposed to the noise of, say a drop forge 
for 5, 10, 20 and 30 yeais This is not possible, and so we aie 
to discuss acoustic injuries to the guinea pig ear We would 
like to know about real deficits in hearing function, but we 
must look at cochlear potentials and cochleai anatomy m the 
guinea pig We would like to know about exposures that 
continue foi yeais, instead, our experimental exposuies last 
minutes to hours Although some lesults from our experi¬ 
ments will be piesented, the title, “A Laboratory Method for 

•Supported by Contract No AP 33(6161-3637 between Washington Unlver- 
slty and the Bio-Acoustic Branch of the Aero Medical Laboratorj Wright 
Air Development Center 

Reproduction In whole or in part Is permitted for anj purpose of the 
United States Government 
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foi making the audiogram, and 5 the date and time within 
the woik cycle when the measmement was made 

SUMMARY 

Finally, let me summanze the mam points of the papei 
1 Design m mdustiial field reseaich is laigely restucted to 
appiopnate tailoung of existing data production methods It 
is unlike laboratory reseaich where experiments can be de¬ 
signed to yield the type of data needed, and since manipulative 
conti ols are not feasible, statistical conti ols must be provided 
dm mg analysis of the data—a situation which geneially re- 
qunes the collection of very large amounts of data 2 Many 
lestnctions aie imposed on the use of audiometric data ob¬ 
tained through usual industrial channels, because most in¬ 
dustrial groups are not homogeneous as to noise-exposure 
history, job continuity, use of ear protection, and time of 
hearing test duung a day Furthei, because companies differ 
m their method of recoid keeping, the data are likely to vaiy 
m respects that may limit the usefulness of the information 
m studies which combine company samples Although such 
lestnctions do not make the data useless they do point out 
the need for careful scrutiny and skillful analysis if valid 
conclusions are to be drawn S There aie a large numbei of 
specific factors which can leduee the validity of data collected 
m mdustiial situations Some of these factors can be elimi¬ 
nated Foi example, poor testing environments pooily 
tiamed audiometnc technicians, obvious enors m data lecord- 
mg, and nonstandard or inadequate methods of data lecoid- 
mg On the other hand, there are many conditions which 
cannot be altered For example, it is improbable that in¬ 
dustry m general will be able to make all audiogiams aftei 
a penod of absence fiom noise-exposuie U Data will be 
moie useful if the foi ms used to lecord the data are standaid- 
lzed In a standaid form particular attention should be paid 
to details of noise-exposm e, to time of hearing tests, and to 
the i eason for the hearing tests 5 Explanations for some of 
the disciepancies disclosed in mdustiial data are (a) biases 
opeiatmg m the selection of the sample and (b) noniepre- 
sentativeness of the audiogiams 6 In spite of restuctions 
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the values fox "tlneshold” shift conespondmg to these m- 
junes is slightly less, the geneial tiend is the same 

The piepaiation of good tempoial bone specmiens foi micio- 
scopic study is a slow tedious piocess, and the “feedback” of 
information fiom one expei iment to the next is very slow if 
we lely solely on this method, howevei, one knows the 
“thieshold” shift foi the CM immediately, and using the 
information fiom this slide, can quickly estimate the anatom¬ 
ical degiee of an acoustic injury In addition, othei electio- 



Decibel Rise Of cm Threshold 


Fi& 2 Local injure to the hair cells In the third turn plotted against 
decibels rise of CM threshold for 500 c.p s in the third turn The 
svinbols correspond to the different durations of the recovery period. 


physiological potentials can be measuied When these aie 
compaied to each other and to the anatomical mjunes later 
observed, theie is a good possibility that oui undeistanding 
of the pathologic physiology of acoustic trauma will be mi- 
pioved These ideas veie basic to oui plans foi the experi¬ 
ments I will describe 

Now let us ask a question about acoustic trauma What 
recipiocal changes m the intensity and duiation of an acoustic 
stimulus will pioduce a constant injury to the organ of Corti’ 
Foi years we have been aware that brief, but intense, stimuli 
(for example, an explosion) can leave a permanent heaimg 
loss Other stimuli which aie apparently harmless for short 
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the Study of Acoustic Tiauma,” was chosen to emphasize that 
we aie not talking about Heai mg Loss and Noise Exposuie m 
the mam sense of tins session 

Some time ago Hallowell Davis 1 and the numeious collaboia- 
tois mentioned eaihei noted a 1 elation between the "tlnesh- 
old” shift foi the cochleai miciophomc as lecoided by diffei- 


5 

4*| 

1 

i 

J . 4 


o 

a 

< 

x 

o 

V- ; 

s' 

D 


-I 

5; 

5 


3-H 


I* 


10 


Turn I 







Differential Electrodes 





Tones and tone pips 





200 0 AND 8000 

CPS 





Rurtunc V o*gan or C0RT1 0 




~~ 


or Rcusnc* 1 ; 







UCMBftANC 









) 

1 

XA 

_ 





x 

- 





X I 






* I 

X X 


® x> 

; 

* 

j 

1 

© 

X X 

X X 

X 


•K , 

X 

© 

X 

X 



1 


' xxk* x*xxxx x; x 

X 

g> x 

' 


X 

- 

<x 


1 

- 

X 

X 

-- 

1 

- - ,1 - J-.- - 



^0 

Decibels Rise of CM Threshold 


60 


Fig 1 The elevation of the threshold* of the cochlear mlcrophonlc 
ns measured In Turn I bj differential electrodes The ordlnant l 
anatomical Injury rating scale of nine points The heavj horizontal 
dl\ Ides the probably permanent Injuries to hair cells (aboye) from tm. 
probablj reterslble Injuries (belouj The crosses represent dlfleremi 
electrodes 


ential electiodes placed m scala vestibuli and scala tympani, 
and the anatomical injury obseiwed between these electiodes 
aftei acoustic tiauma This relation is shown m Fig 1 The 
oidmant is an anatomical mjuiy latmg scale of nine points 
Injury latmgs of 3, 34-, 4, and 4+ weie consideied to lepie- 
sent piobably peimanent mjuiy to the han cells of the oigan 
of Coiti, and weie associated with “thieshold” shifts of the 
cochleai miciophomc potential of about 40-60 decibels Fig 2, 
taken fiom one of oui moie lecent papeis, 3 shows the same 
i elation measuied aftei the eais had been allowed to lecovei 
fiom the acoustic tiauma foi peuods up to 14 days Although 
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ant, and the duiation plotted logarithmically m minutes on 
the abscissa The numbei of ears m each group vaned from 
one to ten Five to ten ears weie used foi exposures which 
gave 40 to 60 db “tlneshold” shifts, wheieas only one, two 
or thiee weie used to exploie the exposures above and below 
this xange Open cncles designate aveiage shifts of less 


’'THRESHOLD* SHIFT OF CM IN DB FOLLOWING TONAL EXPOSURE 



Exposure Duration 


FI& 3 Sound pressure levels and durations of exposures to 500 c.p s 
tone Numbers indicate a\eragre threshold shift for CM from Turn III 
in response to 500 c.p s test tone Open circles indicate exposures hlch 
produced less than 40 db shift half-filled circles indicate 40 to 00 db 
shift and solid circles Indicate more than 00 db shift Line described in 
text. 


than 40 db, and filled circles represent average shifts of 
moie than 60 db The half-filled circles designate the ex- 
posuies which pioduced oui cutenon shift of 40 to 60 db 

Foi a moment let us turn to the pioblem of chronic noise- 
mduced hearing loss In trying to arrive at some reasonable 
way to relate the contributions of sound piessuie level and 
duiation of exposures to the hazaid of noise exposure, an 
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exposui.es can pioduce peimanent healing Josses if the ex- 
posuie is made sufficiently long There is a tiemendous 
continuum between these duiations, measured m milliseconds 
on the one hand and yeais on the other The fust experiment 
to be descubed deals with durations of stimuli only between 
one and 160 minutes We consider these duiations to fall m 
the category of acute acoustic trauma, not chionic noise- 
mduced heaung loss 

Foi the tiaumatic stimulus we used a 500 cps tone gen- 
eiated by an enclosed acoustic system sealed to the eai canal 
of the guinea pig This acoustic system was very stable, and 
caiefully calibrated so that we could specify the sound pies- 
suie level of the stimuli at the tympanic membiane within 
±2 db Remembering yesterday’s presentations, a 500 cps 
tone will stimulate all the turns of the cochlea neaily to the 
apex The gieatest amplitude of motion in the basilai mem¬ 
biane will appear m the third turn We would expect the 
moie seveie mjunes heie also, with lessei oi possibly no 
injuries elsewhere along the basilar membrane 

Pairs of diffeiential electrodes lecoidmg f 10 m the fust 
and the thud turns weie used to measuie the cochleai micio- 
ph omcs generated at these two locations The “threshold” 
shift foi the cochleai miciophonic produced by a 500 cps 
test tone, and measured fiom the third turn, should indicate 
the moie severe mjuiy The same measure, “threshold” shift 
foi the CM produced by test tones (we used 500, 2000 and 
8000 cps ) lecoided from the fust turn should indicate the 
degree of anatomical injury m the fust turn To avoid the 
effects of tiansitoiy fatigue, the measuiements weie made one 
houi aftei the end of the tiaumatic stimulus 

Taking some clues about critical exposures fiom pievrous 
expel iments, we set about exposing guinea pig ears to the 
500 cps tone, planning the expeiiments as we went along 
The idea was to use exposuies which would “biacket” oui 
cuteiion injury as indicated by “thieshold” shifts, measuied 
m the thud turn foi a 500 cps test tone In Fig 3 axe shown 
the exposuies used and the aveiage “thieshold” shifts foi the 
vanous exposuie conditions Each point lepiesents one gioup 
of exposuies to the sound pressuie level shown on the oidm- 



INTERNATIONAL CONFERENCE ON AUDIOLOGY 


469 


ant, and the duration plotted logaiithmicallv in minutes on 
the abscissa The nurnbei of eais in each group vaned fiom 
one to ten Fi\e to ten ears weie used for exposuies which 
gave 40 to 60 db "threshold” shifts, wheieas only one, two 
or three weie used to explore the exposuies abore and below 
tins range Open circles designate aveiage shifts of less 


"THRESHOLD"SHIFT OF CM IN DB FOLLOWING TONAL EXPOSURE 



Exposure Duration 


Fie 3 Sound pressure levels and durations of exposures to 500 c.p s 
tone Numbers Indicate a\ erase threshold shift for CM from Turn III 
in response to 500 c.p s test tone Open circles indicate exposures which 
produced less than 40 db shift half-filled circles indicate 40 to €0 db 
shift and solid circles Indicate more than $0 db shift Line described in 
text. 


than 40 db, and filled cncles lepresent a"\ erage shifts of 
more than 60 db The half-filled circles designate the ex¬ 
posures which produced oui criterion shift of 40 to 60 db 

Foi a moment let us turn to the pioblem of chronic noise- 
mduced hearing loss In trying to aime at some reasonable 
way to l elate the conti lbutions of sound piessuie level and 
duration of exposures to the hazard of noise exposure, an 
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exposuies can pioduce peimanent healing losses if the ex- 
posuie is made sufficiently long Theie is a tiemendous 
continuum between these duiations, measuied m milliseconds 
on the one hand and yeais on the other The fust expenment 
to be descubed deals with duiations of stimuli only between 
one and 160 minutes We considei these durations to fall m 
the category of acute acoustic tiauma, not chiomc noise- 
mduced healing loss 

Foi the tiaumatic stimulus we used a 500 cps tone gen- 
eiated by an enclosed acoustic system sealed to the eai canal 
of the guinea pig This acoustic system was very stable, and 
caiefully calibiated so that we could specify the sound pies- 
suie level of the stimuli at the tympanic membiane within 
±2 db Remembering yesteiday’s presentations, a 500 cps 
tone will stimulate all the turns of the cochlea neaily to the 
apex The greatest amplitude of motion m the basilai mem¬ 
biane will appeal m the thud turn We would expect the 
moie seveie injuries heie also, with lessei oi possibly no 
mjunes elsewheie along the basilar membiane 

Pairs of differential electrodes recoidmg from the fust 
and the thud turns weie used to measuie the cochleai micio- 
phomcs generated at these two locations The “thieshold” 
shift foi the cochleai miciophomc produced by a 500 cps 
test tone, and measured fiom the thud turn, should indicate 
the moie seveie injury The same measuie, “thieshold” shift 
foi the CM pioduced by test tones (we used 500, 2000 and 
8000 cps ) lecoided fiom the fust turn should indicate the 
degree of anatomical injury m the fust turn To avoid the 
effects of tiansitoiy fatigue, the measurements weie made one 
houi aftei the end of the tiaumatic stimulus 

Taking some clues about critical exposures fiom pievious 
expei iments, we set about exposing guinea pig eais to the 
500 cps tone, planning the experiments as we went along 
The idea was to use exposuies which would “biacket” oui 
ciitenon injury as indicated by “thieshold” shifts, measuied 
m the thud turn foi a 500 cps test tone In Fig 3 aie shown 
the exposuies used and the aveiage “thieshold” shifts foi the 
vanous exposuie conditions Each point lepiesents one group 
of exposuies to the sound piessuie level shown on the ordm- 
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ANATOMICAL INJURY FOLLOWING TONAL EXPOSURE 



I 2-5 5 10 20 40 SO MINUTES 

Exposure Duration 

Flgr 4 Sound pressure levels and duration of exposures to 500 c_p s 
tone as in Fig 3. Injurv of hair cells in Turn III proportional to amount 
of blackening of circles 


that the sound pressuie le\el decreased only one decibel each 
time the duration of exposuie is doubled, however, we must 
do the experiments which would “bracket” this new parameter 
before the parameter can be drawn with any degree of as¬ 
surance In particular, we must learn the sound pressure 
thresholds for severe injuries at the longer durations of 
exposure. 

The best we can do so far is to alter our concept of the 
relation between anatomical injury and "threshold” shift foi 
the cochlear microphomc responses Both can be produced 
by acoustic trauma, but each relates differentlv to the ex¬ 
posure dimensions of pressure and duration There is the 
further condition that definite injury to the organ of Corti 
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equal-eneigy hypothesis has been pioposed by Eldred, Gan¬ 
non and von Gieike 3 Although theie aie no dnect data to 
support this hypothesis, the lelations so descubed do not 
conflict with common expenence, and do appeal to be moie 
leasonable than othei aibitiary assumptions one could make 
The hypothesis assumes that noise exposuies may be equated 
with lespect to hazaid when the total acoustic eneigies of the 
exposuies aie equal A set of such equal exposuies can be 
descubed on a double logarithmic plot of sound piessuie and 
duration by a stiaight line with a slope such that it goes 
down 3 db in sound pressuie level each time the duiation 
of exposure is doubled 

A line which drops 3 db foi eacli doubling of duiation has 
been diawn thiough the exposure point descubed by 133 db 
foi five minutes and which gave an aveiage “thieshold” shift 
of 50 db This line lathei well descubes the paiametei of 
oui 40 to 60 db ‘‘threshold” shift cuteiion It does not do 
so well foi the one-mmute exposures, and we have reason to 
suspect that the function descubed by this paiametei is 
leaching a limit at these sound piessuie levels Theie must 
also be a similai lowei limit, but this has not been sought 
systematically Parenthetically, I should note that this line 
should not be confused with othei equal-eneigy paiameteis 
which have been pioposed as safe foi human ears 

Befoie becoming too entianced with the possibilities for 
speculation on the good agieement between these data and the 
equal energy hypothesis, we ought to leview the pathology 
pioduced in these ears The anatomical mjunes to the ban 
cells of the oigan of Corti m the thud turn weie lated on the 
same nine-point scale which was the abscissa of the fust 
slides In Fig 4 the aveiage injury xatings aie depicted by 
the blackened sectois of the cncles These cncles are, of 
couise, located m the same exposuie position as on Fig 3, 
and the same equal-eneigy line has also been earned foiwaid 
to piovide a common lefeience It is cleai that the degiee of 
mjuiy was pnmaiily pioportional to sound piessuie level, 
although longei duiations of exposuie did slightly mciease 
the mjuiy latmgs The mjuiy latmgs of some of the peiiph- 
eial points invite a new line, which might have a slope such 
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equal-eneigy hypothesis has been pioposed by Eldied, Gan¬ 
non and von Gieike 3 Although theie aie no dnect data to 
suppoit this hypothesis, the lelations so descubed do not 
conflict with common expenence, and do appeal to be moie 
leasonable than othei aibitiaiy assumptions one could make 
The hypothesis assumes that noise exposuies may be equated 
with lespect to hazaid when the total acoustic eneigies of the 
exposuies aie equal A set of such equal exposuies can be 
descubed on a double loganthmie plot of sound piessuie and 
duiation by a stiaight line with a slope such that it goes 
down 3 db in sound piessuie level each time the duiation 
of exposure is doubled 

A line which diops 3 db foi each doubling of duiation has 
been diawn thiough the exposuie point descubed by 133 db 
foi five minutes and which gave an aveiage “thieshold” shift 
of 50 db This line lathei well descubes the paiametei of 
oui 40 to 60 db “thieshold” shift cuteiion It does not do 
so well foi the one-minute exposuies, and we have reason to 
suspect that the function descubed by this paiametei is 
leaching a limit at these sound piessuie levels Theie must 
also be a similai lowei limit, but this has not been sought 
systematically Paienthetically, I should note that this line 
should not be confused with othei equal-eneigy paiameteis 
which have been pioposed as safe foi human eais 

Befoie becoming too entianced with the possibilities for 
speculation on the good agieement between these data and the 
equal enei gy hypothesis, we ought to leview the pathology 
pioduced m these eais The anatomical injuiies to the hail 
cells of the oigan of Coiti in the thud turn weie lated on the 
same nine-point scale which was the abscissa of the fust 
slides In Fig 4 the aveiage mjuiy latmgs aie depicted by 
the blackened sectois of the elides These cucles aie, of 
couise, located m the same exposuie position as on Fig 3, 
and the same equal-eneigy line has also been earned foiwaid 
to piovide a common lefeience It is cleai that the degiee of 
mjuiy was pumaiily pioportional to sound piessuie level, 
although longei duiations of exposuie did slightly ineiease 
the mjuiy latmgs The injuiy latings of some of the penph- 
eial points invite a new line, which might have a slope such 
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or near-normal cochlear miciophomcs m the senile guinea 
pig 4 Other detailed changes in the supporting cells of the 
oigan of Corti aie similai to changes observed by Lindsay, 
Perlman, Fernandez and Hemenway 5 following occlusion of 
the cochleai blood vessels 

It is quite possible that oui ongmal injury rating scale is 
appiopnate only to mjunes produced by stimuli which pio- 
duce motions that exceed certain elastic limits We may need 
to develop a new scale for lating the injuries produced by the 
lower sound piessuie and longer duiation exposuies 

Anothei question we have asked is “how do puie tones 
compare with noises m then ability to mjuie the organ of 
CortiThe cutical band hypothesis, which has been found 
extiemely useful in psychophysical expenments, suggests one 
possible relation Given a flat spectium noise which just 
masks a pure tone, only a nairow band of fiequencies around 
the puie tone actively contributes to the masking This 
cutical band of frequencies has the same acoustic energy as 
the puie tone The overall pattern of stimulation on the 
basilai membrane foi the tone and foi the cutical band can 
be infei red to be the same or veiy nearly so, and to be equally 
broad If injury to the organ of Corti depends upon the 
eneigy actually delivered to a particular legion of the basilai 
membiane we would expect a pure tone and its critical band 
to be equally mjuiious 

A 300-600 c p s band of noise contains more fiequencies 
than the critical band foi 500 c p s, and presumably dis¬ 
tributes energy to a larger portion of the basilar membiane 
than does a 500 cps tone If the total eneigy delivered to 
the basilar membrane is the same for the 300-600 cps band 
of noise and for the 500 cps tone, the area of the basilai 
membiane giving the greatest lesponse to 500 cps tones 
will have a higher energy density when the stimulus is the 
tone, than it will have when the stimulus is the band of noise 
Data supporting the cutical band hypothesis m man tell us 
that the energy concentration in this area should be about 7 
db more foi the puie tone If the injury at this location 
on the basilai membrane depends upon the energy density, 
it should be necessary foi the oveiall rms level of the 300-600 
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neaily always pioduees a deficit m the cochleai miciophomcs 
as we measuie them, wheieas a deficit m the cochleai micro- 
phonic lesponse is not always accompanied by the definite 
mjunes we aie accustomed to lecogmze as such 

In Fig - 5 is shown one injuiy that is moie difficult to intei - 
piet m teims of probable function than otheis we have seen 
moie often in the past The hail cells of the oigan of Corti 



of their protoplasm appear In the tunnel of Corti—115X. 


do not appeal badly injuied, but the Deiters cells supporting 
them have been injured to the extent that portions of these 
cells aie tom off and deposited m the tunnel of Corti Fiom 
othei studies 2 we mfei that these han cells should regain a 
noimal appealance, but we do not know whethei they will be 
piopeily attached to the basilai membiane by the Deiters 
cells so that they can function noimally Similaily we aie 
not suie of the functional significance of loss of mesothehal 
cells Absence of mesothehal cells does not pieclude normal 
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exposuie condition which piodueed a 40 to 60 db “threshold” 
shift foi the CM from the thud turn is six db below the 
com espondmg sound pressuie level foi the puie tone Foi 
this exposuie condition we must cleaily accept the hypothesis 
that the peak displacements aie pnmaiily responsible foi the 
“threshold” shifts obseived At the lowei levels and longei 



5 10 20 40 30 130 320 MINUTES 

Exposure Duration 


Fig - 6 Sound pressure levels and duration of exposures to 300-600 c.p s 
band of noise lumbers indicate a\erage threshold shift for CM from 
Turn m in response to 500 c p s test tone Open circles indicate exposures 
^\hich produced less than 40 db shift and solid circles indicate more than 
$0 db shift. Line is from Fig: 3 for comparison 

durations there is a tendency foi the exposuie conditions 
yielding the critenon “threshold” shifts to appioach this 
paiametei foi the puie tone exposures The data aie not 
sufficient to determine leally piecise locations 01 limits foi 
eithei set of experiments Eathei than drawing a second 
lme foi the band of noise experiments, we piefei to state that 
it is diffeient fiom that foi the puie tone and starts at lowei 
sound pressuie levels Alieady we aie stretching the time 
limits foi acute experiments of this kind Both the tone and 
the band of noise paiameteis could be approaching the same 
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c p s band of noise to be seven db moie than the rms level 
of the puie tone The noise should then mjuie a longer seg¬ 
ment of the basilai membiane, but the most seveie local m- 
junes should be the same We do not know the width of a 
cutical band for the guinea pig It should not, howevei, be 
diffeient m kind if the cutical band hypothesis depends on 
the space-time pattern of the waves m the basilai membiane, 
as is assumed fox the pui poses of this expenment 

It is also possible that peak displacements of the basilar 
membiane, rather than aveiage eneigy level, aie pnmanly 
lesponsible for the mjuiies we observe This hypothesis 
depends on the concept of exceeding some elastic limit m the 
tissues The peak displacements produced by a puie tone aie, 
of couise, uniform with lespect to time A band of noise of 
the same oveiall level will produce displacements of landom 
amplitude both gieatei and less than that of the puie tone 
Considerably gieatei displacements will occui occasionally 
and could pioduce more seveie mjuiies We have not tried 
to quantify the differences, because we do not know the 
elastic limits of these tissues, howevei, if mjuiy does depend 
on peak displacement, the overall sound piessuie level of a 
band of noise required to pioduce a given injury will be less 
than that of the puie tone 

It is, of couise, also possible that the mjuiy may m some 
way depend pnmailly on the total eneigy dehveied to the 
cochlea In this case the mjuiies should be the same when 
the oveiall rms levels of the band of noise and the puie tone 
aie the same 

Again using the 40 to 60 db “thieshold” shift of the CM, 
lecoided fiom the thud turn, to a 500 cps test tone as oui 
cntenon, we have exposed guinea pig eais to a caiefuhy 
calibrated 300-600 cps band of noise The lesults are shown 
m Fig 6 The cooidmants and the symbols aie the same as 
foi Fig 3, showing the “thieshold” shifts pioduced by the 
puie tones The line which conesponded to the 40 to 60 db 
“thieshold” shift paiametei foi the puie tone exposuies also 
appeals foi comparison 

Foi the five-minute exposure the sound piessuie level of an 
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exposuie condition which pioduced a 40 to 60 db “thieshold” 
shift foi the CM fiom the thud turn is six db below the 
coriesponding sound piessuie level foi the puie tone Foi 
tins exposure condition we must cleaily accept the hypothesis 
that the peak displacements aie pumaiily lesponsible foi the 
“threshold” shifts observed At the lowei levels and longei 


"THRESHOLO'SHIFT Of CM IN DB FOLLOWING NOISE EXPOSURE 


DB 



Fig- 6 Sound pressure levels and duration of exposures to 300-600 c.p s 
band of noise. Numbers indicate average threshold shift for CM from 
Turn HI in response to 500 c p s test tone Open circles indicate exposures 
which produced less than 40 db shift and solid circles indicate more than 
60 db shift. Line Is from Fig 3 for comparison 

duiations there is a tendency foi the exposuie conditions 
yielding the critenon “thieshold” shifts to appioach this 
paiametei foi the puie tone exposuies The data aie not 
sufficient to determine leally piecise locations 01 limits foi 
eithei set of expeiiments Rathei than diawmg a second 
lme foi the band of noise expeiiments, we prefei to state that 
it is diffeient fiom that foi the pure tone and starts at lowei 
sound pressuie levels Alieady we aie stietching the time 
limits foi acute expeiiments of this kind Both the tone and 
the band of noise paiameteis could be approaching the same 
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l 0Wei sound P 1 essuie level, 01 it is quite possibl 

that the lines may cioss, and at even lowei levels and longe 
durations of exposuie they may assume the relation piedictei 
by the cntical band hypothesis Cluonic expeiiments will b 
necessaiy befoie these questions can be lesolved 


The temporal bone specimens mjuied by the band of nois< 
aie qui e compaiable to those injuied by the puie tones with 
lespect to the amount of mjuiy to hail cells As foi the 
exposuies to the 600 cps tone, the shoitei, highei-level ex¬ 
posuies injured the han cells moie seveiely than the longei, 
owei-evel exposuies Both stimuli pioduced maximum de- 
giee of mjuiy in the thnd turn of the cochlea The aieas of 
injury differed in that the mjuiies pioduced by the tone 
often spiead to the upper pait of the second tum, while the 
mjunes pioduced by the band of noise spiead toward the 
fourth turn and often to the apex It is oui impiession that 
theie may be othei diffeiences The displacements of cells 
within the oigan of Coiti appeal lelatively greatei and moie 
obvious following the noise exposuies, and gioss luptuie of 
the oigan of Corti and of the reticulai lamina aie less fie- 
quent These displacements aie often accompanied by de- 
foimation of the tunnel of Corti and by a more fiequent 
swelling of Deiteis cells, which then appeal to encioach upon 
and defoim the hail cells The internal phalangeal cell may 
be tiemendously enlaiged and the internal hail cell actually 
displaced Stretching and luptuie of Reissnei’s membiane 
occurs moie frequently following the longei exposuies to the 
band of noise Foi the longest exposuies, mjuiy to Reissnei’s 
membiane was appaient even when mjunes to the hail cells 
weie mmoi and loss of CM responses only 20 to 30 db The 
exposuie to the tone (500 cps ), on the othei hand, usually 
appealed to injuie moie dnectly the hair cells and the me- 
sothehal cells 


The pathological differences noted aie only trends, and 
may not piove to be significant Thus we believe the mfei- 
ences we have diawn fiom the data on “threshold” shift of 
the CM responses aie collect with lespect to the lelative 
hazaids of puie tones and bands of noise foi the bnef intense 
exposuies we have used 
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In summary, the “thieshold” shift foi the eochleai micio- 
phonic produced by acute acoustic tiauma by a 500 c p s tone 
obeys the equal-eneigy hypothesis when the duiation of ex¬ 
posure is between five and 160 minutes A 300-600 c p s 
band of noise at a lowei oveiall sound pressuie level than the 
500 c p s tone pioduces the same thieshold shift of the coch¬ 
lear miciophonic as the tone From this we conclude that 
the shifts aie l elated to peak piessuies of the stimuli lathei 
than to the eneigy of the stimuli The same pathology is not 
observed foi all exposuie conditions which pioduce the same 
thieshold shifts of the eochleai miciophonic This lelation 
of the observed pathology is consistent with the finding that 
peak piessuies play such an impoitant lole in acute acoustic 
trauma 
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NOISE-INDUCED HEARING LOSS 
DIAGNOSIS, PRESBYCUSIS, SUSCEPTIBILITY * 

Gordon D Hoople, 

State Umveisity of New York, 

Syracuse, New York 

The diagnosis of noise-induced hearing loss is not a simple 
pioblem It would be convement, indeed, if noise pioduced 


•Diie to Dr Hoople 3 Illness this paper was read b\ Dr Ben H. Senturla 
of St. Louis. 
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a healing loss, the audiogiam of which would diffei ma- 
tenally from the audiogi'ams of every othei known cause of 
hearing loss Since this is not the case othei factois m 
addition to an audiogiam must be taken into consideiation 

In the differential diagnosis of healing losses, it is probable 
that the history given by the patient is one of the most im¬ 
portant factors to be appraised Obviously, if theie has been 
no exposure at all to noise, no mattei what the audiometnc 
curve may be, a demonstiated loss cannot be due to noise, 
howevei, if theie is sufficient exposuie to noise and heaung 
loss of the type usually found m patients who have been sub¬ 
jected to noise, then the demonstiated loss is piobably due 
to this cause How comforting it would be if the last part 
of the piecedmg sentence could lead “the demonstiated loss 
is suiely due to noise” It is raie, medically, that one can 
be as positive as tins This is because, with man and his 
diseases, the blacks and the whites do not stand apart, they 
aie mixed Thus, one is confionted with the pioblem of as¬ 
certaining the amount of black and the amount of white in 
the presenting giey This problem comes to the foie when 
patients who have been exposed to noise, and who have a 
demonstiable loss, aie biought befoie juries or compensation 
refeiees, and doctois fiom one side testify theie is little 
hearing loss due to noise, and medical testimony fiom the 
othei side expi esses the opinion that most of the loss is due 
to noise Both sides admit they are talking in terms of giey, 
but they cannot agree on the peicentages of the black and 
white which make up the giey, thus, it is that judgment 
must come into this picture when all of the facts of a given 
case have been bi ought to light 

With this m mind, theie aie seveial aspects m the history 
of such patients which can lend weight to one decision 01 the 
othei 

1 The chaiactei of the onset of any heaung loss This 
symposium is concerned with industrial noise-induced heal¬ 
ing loss Sudden explosive noises aie not included These 
sudden noises, if they aie sufficiently loud, often produce a 
sudden healing loss With mdustnal noise, the opposite of 
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sudden explosive noise, it is conceivable though highly lm- 
piobable that an exceptional susceptibility might account foi 
a peimanent sudden heaung loss This would be most un¬ 
usual I have nevei seen such a case and have nevei heaid 
of one, and mquny among my colleagues yields a like ex¬ 
pel lence, hence, theie must be a history of giadual loss 
Usually the discovery of such a loss is made by the family 01 
filends of the patient The loss is so giadual (when at last 
it begins to be a slight handicap) that the patient does not 
leahze its piesence 

2 Associated vertigo Sudden loss may have accompanying 
vertigo, but theie is none with ehionic noise-mduced loss 

3 Accompanying tinnitus If this is piesent it is moie 
than likely that one can elicit a history of an inciease of its 
intensity late in the day of exposuie, oi m the following eaily 
evening hours It is also likely that a woikei will state that 
his heaung seems to be pooiei duiing these same time penods 

U Theie is always some hearing loss m both ears, although 
one eai may have sustained gieatei loss than the othei Caie- 
ful inquiry into the exact nature of the individual’s woik 
pattern and his exposuie to noise may leveal a cause for 
greatei loss m one eai than the othei In the gieat majority, 
however, the loss is essentially the same m both ears 

5 Fuithei inquiry as to the patient’s work conditions may 
suggest leasons why a loss is present Much noise m small 
enclosuies oi looms with reveibeiating walls will cause more 
loss than similai noise m open spaces Woik with pneumatic 
hammeis, pneumatic dulls, diop foiges, uvetmg guns and 
chipping tools aie notable foi then conti lbutions to hearing 
loss If furthei evidence of woik conditions aie available 
such as the oveiall intensity of the noise, its spectral chai- 
actenstics, and the length of time an individual has been 
exposed to these noise conditions, judgment can be moie coi- 
lectly given as to the cause of a woikei’s hearing loss The 
time factoi is most important Without consideiable time 
spent in noise theie wull be no permanent loss In truth, 
theie is no such thing as a hazaidous noise m industry Theie 
is only hazai dous noise exposure 
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6 It should be obvious that inquiry should be made foi 
other possible causes of healing loss m a given patient This 
inquiry should be diiected, not only to the eais but also to 
any diseases oi accidents which might be contributing factors 
to a healing loss This might piove to be time consuming, 
but the histoiy should go even fmthei to include the hearing 
expei lence of all known lelatives 

Fiom these points it can be leadily seen that the histoiy 
can conti lbute much towaid a correct decision as to how 
much black and how much white theie may be m a given 
case, and certainly shows that a careful history should never 
be omitted m assaying a suspected noise-mduced heaimg loss 

The second tool m the hand of the diagnostician, and one 
which is invaluable m arriving at a correct decision, is the 
examination of the patient as well as the assessment of his 
healing Heie, also, theie are points of distinct value 

1 Foi this discussion we will pass quickly ovei the geneial 
examination of the patient, both physical and laboratory, but 
this may elicit a reason oi leasons foi a heaung loss 

2 Theoretically, the examination of the eais, nose and 
throat should be noimal in an individual with noise-mduced 
hearing loss foi exposuie to chiomc noise causes no injury 
to these parts, i e , there should be a noimal dium head, but 
this is almost tantamount to saying that noise cannot cause 
heaung loss m an ear which has been the victim of pievious 
disease While a well maiked conductive loss can give some 
protection, mdustnal noise can and does cause changes m 
the cochlea of such eais In this aiea aie some of the most 
difficult decisions an otologist has to make, i e, how much of 
the loss of heaung that is piesent is due to noise and how 
much is due to the concomitant conductive lesion 

8 Moie substantial aid is given the exammei by healing 
tests Significant findings include 

a Bone conduction leadings which paiallel the an curves 
Should a bone-an gap be piesent some additional cause foi 
the loss othei than noise must be in the pictuie 

b The an cuive will show a loss which is greatei at 4,000 
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c p s than any othei f 1 equency m almost every instance 
This is always tiue when assaying an eaily loss It is prob¬ 
ably so m approximately 98 pel cent of all cases, even when 
long exposuie is known to be m the picture (see Fig 1) 
c The fiequencies below 500 aie larely affected If heal¬ 
ing at these fiequencies is depiessed, seaich should be made 
foi othei causes 
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Fig 2 


d When theie has been lengthy exposuie to certain noises 
and the lesultant heaung loss shows a fan amount of change 
at 1,000 c p s , and even at 500 c p s the audiometnc dip at 
4,000 cps tends to level out, oi even be eiadicated, but the 
audiogiam still is indicative of possible noise induced etiology 
(see Fig 2) 

e Concomitant disease and piesbycusis aie two impoitant 
causes foi an eiadication of a notching 4,000 cps audiogiam 
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by causing- even gieatei losses at the 6,000 and 8,000 fre¬ 
quencies Diseases and toxic conditions which may depiess 
the heai mg m this mannei aie syphilis, dental, tonsillai and 
piostatic diseases, alcohol, nicotine, quinine, the salicylates, 
the mycms (antibiotics), senile vasculai changes, alleigy, 
etc (see Fig 3) (Example losses above 4,000 c p s aie the 
gieatest) 


PRESBYCUSIS 
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Fig: 3 


f Pi imaiily the audiometi ic findings must be stable Thiee 
audiogiams, each taken one week apart and at least 40 hours 
aftei the last exposuie to noise, must show no appi enable 
vanation This should be a lequnement foi establishing a 
base line foi noise-induced healing loss This piactice, if 
adopted, mles out any tempoiary threshold shift of healing 
This tempoiary threshold shift is known to exist m all in¬ 
volved eais dunng and shortly aftei exposuie to noise Like¬ 
wise, this piactice will establish the peisistent healing loss 
piesent aftei 40 houis, fiom the last exposuie Any change 
between the peisistent healing loss and a latei deteimined 
peimanent loss will be minimal 

g Repeated audiogiams will be important evidence in ml- 
mg out mahngeiing oi a false claim that a loss due to disease 
is due to noise Sometimes a single audiogiam will do this 
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(see Fig 4) (Example umlateial loss claimed to be due to 
chiomc noise exposuie) * 


PRESBYCUSIS 

Piesbycusis has been mentioned above as a complicating 
factor m mteipieting audiogiams when noise inducted heal¬ 
ing loss is suspected Some loss of sensitivity at some fre¬ 
quencies is to be expected as the noimal lesult of the piocess 
of ageing Tlus has been shown in many studies, but those 
of Bunch, 1 the Woild’s Fan, 2 the San Diego Fail, 3 and the 
Wisconsin State Fan, 1 aie m leasonable agieement as to the 
heaung loss which is piesent due to ageing It is generally 
agieed that heaung losses due to noise and piesbycusis aie 
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additive 5 The Z24-X2 Committee of the Amencan Acous¬ 
tical Society pointed out that both piesbycusis and noise- 
mduced heaimg loss aie “mtia-cochleai deafness ” They aie 
indistinguishable micioscopically Both involve the perma¬ 
nent loss of some sensoiy cells and then nerve fibeis This 
Committee felt theie was no leason to suppose that pies¬ 
bycusis piotects the eai fiom furthei injury by noise, noi 
does it make the eai moie sensitive to injury 

An allowance foi the loss, due to piesbycusis, has been 
suggested foi appiaismg the healing loss m woikeis ovei 50 
years of age Foi the frequency 2,000 c p s , this loss on the 
average amounts to about 5 db in the sixth decade, and 10 db 
m the seventh The losses at 4,000 cp s on the average aie 
about 10 db and 20 db lespectively, but theie aie laige in¬ 
dividual diffeiences 6 


See B!bIIogTaph\ 
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SUSCEPTIBILITY 

™IttV h t hUman 631 1S susceptible to healing- loss by ev 

article in %* ^ n ° IS6 haS been fo1 yeais Fosbi oke’s 7 

^ Wlltten 137 yeais a ^ and this cause 
date w ; s P^bably recognized befoie this eaily 

some PJ ? susceptible the eai may be, and whether oi not 
f J S are moie susceptible than others has been a debated 
nn j. 01 sc< j )1 ® s yeais The answei to the susceptibility 
..I , f n * ea lve la ^ ei than absolute Bair 3 commented 
IT T ? boileimakeis examined by him who had woiked at 
Rofi 3 t 6 ^ eas t t° Ul yeais, none had noimal heaimg 
errna ng- certainly is an occupation which has a hazaid- 
ous noise exposuie, paiticulaily when a woikei is subjected 
to the levelbeiatmg sounds inside a boilei What about less 
hazaidous noise exposuies 7 


Most wnteis on the subject of noise-induced heaimg loss 

S sVk S ° me human eais aie moie vulneiable than oth- 
eis> ut no one to date has fashioned a statistical table 
attempting to delineate what peicentage of all eais are, foi 
instance, highly susceptible, very susceptible, modeiately sus¬ 
ceptible, baiely susceptible, etc If one daied piepaie such 
a ta le it would have to be foi one certain well descubed and 
aecuiately measuied noise, existing undei known conditions, 
o which would have to be added the known length of ex¬ 
posuie It is obvious that theie would have to be thousands 
of tables to have any value at all, foi the vanables aie multi- 
imensional, even then such tables would be valueless foi 
piotection puiposes, foi they could not delineate a paiticulai 
individual and indicate that he would be one of the highly 
susceptibles 


Theie has been much seaichmg foi a leliable test foi sen¬ 
sitivity Everyone acknowledges its desirability, but to date 
none of the advocated tests have been validated by piactical 
expei lence Tests have been devised, based on maiked loss 
of heaung immediately aftei exposuie to loud noise 11 oi on 
the basis of slow lecovery fiom such a tempoiaiy threshold 
shift, 1 * 131413 but peisistent and peimanent heaimg losses do 
not necessaiily follow a tempoiaiy thieshold shift Heie 
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again vanables aie multidimensional Like vanables are 
present for the Lawrence and Blanchaid 16 aural harmonics 
test foi susceptibility 

Glong has stated fiom the examination of many thousands 
of mdustiial hearing lecoids there are only a few peisons 
who are highly susceptible to noise For the present, then, 
it seems expedient and wise to employ monitoring audiometry 
m all mdustiial situations where a noise problem exists, and 
to sepaiate from their noisy environment those workers who 
show significant hearing losses on several 40 hours audio- 
grams This will protect both, the employei and the em¬ 
ployees, and is a safe proceduie to use till furthei studies and 
further statistics can show that a valid susceptibility test is 
01 is not possible. 


SUMMARY 

The problem of the diagnosis of noise-induced hearing loss 
is difficult, because losses due to causes othei than noise may 
be piesent A detailed history of a patient may furnish 
valuable information. The exa min ation of the patient, to¬ 
gether with a study of his audiogiams, can give further light 

Presbycusis is a known complicating factor, and an allow¬ 
ance foi its piesence should be made m woikeis ovei 50 yeais 
of age 

Susceptibility to noise is as yet an unsolved problem No 
predictive tests have been validated The answer to sus¬ 
ceptibility is relative rathei than absolute 
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EAR PROTECTION * 


J ZWISLOCKI,t 
Haivaid Umveisity, 
Cambndge, Mass 


Most piobably, even those of you who do not take any active 
part m solving the noise pioblems must have noticed that 
these pioblems have been discussed, if not exhaustively, at 
least extensively at many times and at many places We have 
a journal entitled “Noise Contiol,” and a “Handbook of Noise 
Conti ol ” Numerous committees and meetings aie devoted 
to noise pioblems Possibly some of you might think that 
we aie making too much noise about noise, howevei, even 


•Supported under Contract Nonr-1866(16) with the Offoce of Na'al Re¬ 
search United States Navy (Project NR142-201 Report PNR-211) HfPr 
ductlon lor any purpose of the United States Government Is permittee 
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those who do think so must admit that, one way 01 the othei, 
we do have too much noise, and that something should be 
done about it 

I considei myself fortunate to have been given the oppoi- 
tunity of discussing one of the means of combating noise 
This gives me the feeling of usefulness, of doing something 
positive instead of just complaining Of couise I must admit 
that if nobody complained about noise, and theie aie still 
some left who do, I would have no business talking about 
eai piotection 

Now, back to the subject I doubt that anybody consideis 
the peisonal eai piotectois as the most desnable means of 
noise contiol Theie aie piobably no moie people who want 
to weai eai plugs 01 earmuffs than theie aie people who 
want to weai eyeglasses Although not the most desnable, 
personal eai piotectois aie piobably the most veisatile, ef¬ 
fective and the most economical means of noise conti ol This 
does not imply, of couise, that othei means should be happily 
abandoned In many situations \\ e have to apply every tiick 
we know to keep noise at a toleiable level, and sometimes we 
lun out of tucks In addition, peisonal eai piotectois aie 
always somewhat uncomfortable and cumbeisome, and, maybe 
most important, they do not impiove speech communication 
by any considei able amount, except when the tiansnussion 
occuis thiough an earphone, and the eai phone with its socket 
serves as an eai piotectoi 

The best means of noise conti ol is undoubtedly to stop the 
noise light at its souice That means, not to make any noise 
at all Unfortunately, we have not been veiy successful m 
this endeavoi and, accoidmg to Di Khudsen, noise is m- 
cieasing at a late of one db pei veai It seems, theiefoie, 
that eai piotectois aie heie to stay foi a while, and they 
should be considei ed at an equal level with the othei tools of 
noise conti ol 

I could devote this time to showing vou pictuies of vanous 
types of eai piotectois, but I doubt that m this way you 
would leam much moie than the fact that theie aie many 
types of eai piotectois I shall try lathei to synthesize oui 
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knowledge on the pioblem of peisonal eai piotection, discuss 
the basic lequnements, the possibilities, and the mam tiends 
m lecent design 

It is possible to classify the eai piotectois accoidmg to 
then position lelative to the eai We have foui kinds ear¬ 
plugs, semi-inserts, eai muffs, and the helmet Eai plugs aie 
secuied m the eai canal and usually do not lequne any ad¬ 
ditional means of support (see Fig 1) Semi-inserts aie 
placed at the entrance to the eai canal and aie usually sup¬ 
posed by a headband Eai muffs covei the outei eai like an 
eai phone mounted in its socket 01 cushion Helmets covei 
the whole head, or at least most of it 

I am going to omit the semi-inserts, because theie aie none 
on the maiket, and the helmets, because I feel that at piesent 
they do not offei any acoustical advantage 

Now, what is expected of eai piotectois 7 Fust, they should 
attenuate acoustic noise to a safe level, whatevei that level is 
Second, they should be comfoitable, 01 , let us be moie lealistic 
and say, they should not be too uncomfortable Thud, they 
should not have any toxic effect on the skin Theie aie 
furthei lequnements that aie moie 01 less compelling, de¬ 
pending on the situation They concern the intei feience with 
speech communication, the ease with which the eai piotectois 
can be handled, the sanitary aspect and the economic aspect 
Some of these lequnements aie in conflict with each othei, 
and only compiomise solutions appeal possible The best 
known incompatibility is between sound attenuation and 
comfort Anothei one is between attenuation and speech 
intelligibility, although this one is moie appaient than leal, 
but let us stait with the fust lequnement, i.e, sound at¬ 
tenuation 

How much sound shcndd be attenuated 9 

This is certainly a pertinent question Unfortunately, I 
cannot answei it, at least, not at this time, because theie are 
piobably as many optimal attenuations as theie aie situations 
m which the use of ear pioteetors appeals advisable and may¬ 
be even moie, maybe almost as many as there are people 
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Fig 1. Four Kinds of Ear Protectory 


involved In other words, this is a policy question at present, 
and not a scientific question, and therefoie not for me to 
answer I can answer, howevei, a somewhat related question 
how much sound can be attenuated 7 This question is re¬ 
stricted, of couise, to ear piotectors that can be worn either 
m the eai canals 01 on the head By enclosing a man m a 
cell of conciete, higher sound attenuations than those I am 
going to speak of can be achieved 
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When an eaiplug is mseited into the eai canal, the sound 
can still leach the mnei eai on thiee pathways Because of 
the flexibility of the skin lining the external auditoiy meatus, 
sound waves can pioduce a vibiation of the eaiplug as a 
whole The vibiation is contioiled at low frequencies by the 
stiffness and the viscosity of the skm and, at high fiequencies, 
by the meitia of the eaiplug The sound can also penetiate 
the eai thiough defoimation of the eaiplug—heie the stiff¬ 
ness, density and viscosity of the matenal become important 
Finally, sound can reach the mnei eai by tiavehng aiound 
the eaiplug, eithei via bone oi via soft tissue 01 both I am 
going to lefei to this channel as body conduction 


Foi low fiequencies, the foices acting on an eaiplug secuied 
m the eai canal may be schematized as shown m Fig 2 The 
foice F symbolizes the external sound piessuie multiplied 
by the effective aiea of the earplug The foice F 0 is equal to 
the pioduce of the sound piessuie geneiated m the eai canal 
and of the ci osssectional area of the eai canal Finally, Fy 
denotes the lesultant opposing foice developed m the skm 
lining The law of the equihbiium of foices lequires that F 
be equal to the sum of F 0 and Fy It is easy to see that the 
sound attenuation glows with the latio between Fy and F c 
This latio is deteimined to a large extent by the piopeities 
of the skm lining and by the volume of the enclosed an, m 
addition to the acoustic impedance that can be measuied at 
the eai dium It is, theiefoie, an anatomical constant and 
cannot be alteied to any consideiable degree The only thing 
we can do m oidei to impiove the sound attenuation is to 
make the eaiplug itself impelvious to sound Vanous solu¬ 
tions aie possible, and I am going to discuss them a little latei 
when I show you some typical designs 


Let us now considei the faetois determining the sound a- 
tenuation piovided by eai muffs Although eai muffs loo 
considerably diffeient fiom earplugs, then acoustic action 
is similai The vibiation of a good earmuff is conti oiled by 
the flexibility and the resistance of the skm undei the cushion, 
and bj r the meitia of the eai muff The sound attenuation 
depends mainly on thiee faetois the mechanical properties 
of the skm, the mass of the eai muff, and the depth of the 
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Fig 2 Schematic drawing of an earplug In the ear canal and the 
relations among the acoustic forces acting on the earplug 
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A=p/p c ~Z M D/S 

Fig 3 Schematic drawing of an earmuff covering the ear and the 
relations among the acoustic forces acting on the earmuff 

earmuff The situation is descubed by the schematic diawing 
and the formulas of Fig 3, however, I do not want to go into 
algebra, and shall state only that, when a high attenuation 
is desned, the earmuff should be deep and cover as small an 
aiea of the head as possible Of couise, m practice theie aie 
limits m both respects A deep eaimuff becomes cumbeisome, 
and an earmuff that covers too small an aiea of the head may 
exert painful pressure on the pinna and become uncomfortable 



490 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


When an eaiplug is inserted into the eai canal, the sound 
can still leach the mnei eai on thiee pathways Because of 
the flexibility of the skin lining the external auditoiy meatus, 
sound waves can pioduce a vibiation of the eaiplug as a 
whole The vibiation is contioiled at low fiequencies by the 
stiffness and the viscosity of the skm and, at high fiequencies, 
by the inertia of the eaiplug The sound can also penetiate 
the eai thiough defoimation of the eaiplug—heie the stiff¬ 
ness, density and viscosity of the matenal become important 
Finally, sound can leach the mnei eai by tiavehng aiound 
the earplug, either via bone 01 via soft tissue 01 both I am 
going to lefei to this channel as body conduction 


Foi low fiequencies, the foices acting on an eaiplug seemed 
m the eai canal may be schematized as shown m Fig 2 The 
foice F symbolizes the external sound piessuie multiplied 
by the effective aiea of the eaiplug The foice F 0 is equal to 
the pioduce of the sound pressuie geneiated in the eai canal 
and of the ciosssectional aiea of the eai canal Finally, Fy 
denotes the lesultant opposing force developed in the skm 
lining The law of the equilibnum of foices lequnes that F 
be equal to the sum of F 0 and F is It is easy to see that the 
sound attenuation glows with the latio between F. v and F c 
This latio is deteimmed to a laige extent by the piopeities 
of the skm lining and by the volume of the enclosed ail, m 
addition to the acoustic impedance that can be measuied at 
the ear dium It is, theiefoie, an anatomical constant and 
cannot be alteied to any consideiable degiee The only thing 
we can do m oidei to impiove the sound attenuation is to 
make the eaiplug itself impelvious to sound Vanous solu¬ 
tions aie possible, and I am going to discuss them a little latex 
when I show you some typical designs 


Let us now considei the factois detei mining the sound at¬ 
tenuation piovided by eai muffs Although eai muffs look 
considei ably diffeient fiom earplugs, then acoustic action 
is similai The vibiation of a good earmuff is conti oiled by 
the flexibility and the lesistance of the skm undei the cushion, 
and by the inertia of the eai muff The sound attenuation 
depends mainly on thiee factois the mechanical piopeities 
of the skm, the mass of the eai muff, and the depth of the 
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foimed with a vibiatoi, but it is not certain that the same 
thing happens in a fiee sound field The heavy contmuous 
curve shows the expected limit of attenuation foi simple 
eai plugs calculated along the lines pieviously mentioned The 
othei curve shows the maximum attenuation that can be 
expected fiom a simple eai muff I am stiessmg the qualifica- 




Fig - 5 Four T'pes 



tion “simple,” because substantially gieatei sound attenua¬ 
tions can be obtained by applying certain acoustic tucks 

Regaidmg a few models of commeicial eai piotectois, 
Fig 5 shows foui eai plugs which, I think, are typical The 
eai plug m the uppei left comei is a cylindei of wax and 
cotton It can be shaped by hand to fit the eai canal Eai- 





492 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


Even if the earplug and the eaimuff weie ideal m the 
sense that no sound would be transmitted through them, the 
sound could still reach the inner eai by body conduction, as 
I mentioned befoie Body conduction constitutes the absolute 
limit of sound attenuation that can be expected fiom ear 
piotectois 

The body conduction thieshold m a fiee field has been 
measuied recently, and I am going to leport on it in the 



FIs 4 Air conduction (lower curve) and body conduction thresho 
of audibility In a free sound field. The shaded area indicates the 
certainty due to the effect of the occlusion of the ear canal on o 
conduction 


coming meeting of the Acoustical Society m New Yoik Heie 
I can only show you some of the experimental lesults 

The zeio level m Fig 4 lefeis to ail conduction thieshold 
m a fiee sound field The lowest curve m the diagiam is the 
body conduction thieshold m a fiee field as measured lecently 
The shaded aiea indicates the uncertainty caused by the effect 
of the occlusion of the eai on bone conduction It is wel 
known that the occlusion of the eai canal unpioves bone con¬ 
duction at low and medium frequencies when tests aie pel- 
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Fig- 7 A Set of Typical Earmuffs. 


being inserted into the eai, and facilitates the insertion by 
stiffening the earplug along its longitudinal axis In addi¬ 
tion, a back wall mci eases the sound attenuation at high fre¬ 
quencies In some of the models the front and the back wall 
aie perforated so that the earplug acts as a low-pass filtei 
The advantages of such a decieased attenuation at low fre¬ 
quencies is still debated 
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plugs of this type aie veiy comfortable and attenuate noise 
pietty well They have the diawback, howevei, that they 
cannot be washed and, consequently, have to be thrown away 
aftei being used only once Their sticky surface has the 
tendency to accumulate dirt 

The earplug m the uppei light comei consists of lubbei 
01 plastic Because of its elasticity it adapts to the shape of 



FI e 6 An approximate attenuation characteristic of the four e f rf> ln?r 
shown In Fig 6 (heavy line) The thin line shows the theoretical upp 
attenuation limit for simple earplugs 


the eai canal while being inserted It attenuates noise very 
well, is washable and can be leused many times Theie is 
one difficulty m order to obtain a high attenuation, the 
matenal of the eai plug must be sufficiently stiff When the 
earplug is too stiff, howevei, it becomes uncomfoitable, so 
that only a compromise solution appeals possible 

The eai plug shown m the lowei light coiner of Fig 5 is 
basically similai to the eai plug discussed m the piecedmg 
paiagiaph, but it has some additional features It contains 
an internal coie made of a stiffei matenal than the outei 
shell This coie touches the front wall while the earplug is 
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curve shows the theoietical uppei attenuation limit foi simple 
eai plugs 

Fig 7 shows a set of typical eai muffs The earmuffs aie 
designed very much along the lines mentioned above they 
aie deep, enclose a laige volume of an, covei a lathei small 
aiea of the head, and consist of a haid shell and a sealing 
cushion of foam lubbei The sound attenuation thus piovided 
can be seen in Fig 8 (heavy line), togethei with the theoietical 
limit (thin line) The foam lubbei cushion may be con¬ 
sidered a weak point m the design of the eai muff Recently 
developed cushions with high internal viscosity oi with low 
volume compiessibility could furthei impiove the attenuation 
at low fiequencies 

I would like to conclude on an optimistic note by piedictmg 
that within a few years we aie going to have eai piotectois 
which will attenuate sound up to the limit set by body con¬ 
duction I hope that such ear piotectois will be commeicially 
available 
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This morning we have heaid a discussion of the general 
topic of noise-mduced hearing loss Thus far the emp has is 
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The earplug in the lowei left coraei is piobably of the most 
recent design It combines some featm.es of the wax-cotton 
earplugs with those of the permanent elastic eai plugs It 
consists of a malleable coi e covei ed by thm elastic walls The 
internal tube, which is open at one end, inci eases the adapta¬ 
bility to the eai canal Within certain limits the earplug is 
malleable like the wax-cotton eai plugs At the same time 



Flff 8 The attenuation characteristic of the earmuffs of Fit? l-lLfnffs 
line) and the theoretical upper attenuation limit for simple earm 
(thin line) 


it has sufficient resiliency to follow tempoial changes of the 
cross-sectional aiea of the ear canal It can be washed and 
reused 

All the eai plugs of Fig 5 piovide appioximately the same 
sound attenuation At least, the diffeiences among the eai- 
plugs, found m one laboiatory, are of the same oidei ° 
magnitude as diffeiences in lesults obtained for the same 
eai plug m diffeient laboi atones It seems leasonable, there- 
foie, to pool the data obtained for the foui eai plugs The 
thick cuive of Fig 6 was obtained m this way The thin 
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the effects of noise upon exposed humans than we can pi edict 
the genetic effects of atomic radiation upon futuie geneia- 
tions Just because we can, undei the light conditions, make 
fanly leliable audiometiic measurements of man’s heaung 
does not mean that we can ignore the basically multivaiiate 
and statistical natuie of the aftei-effects of any exposuie, 
whethei this exposuie be to acoustic, electromagnetic, 01 
atomic ladiation Theie aie no convenient smgle numbeis 
that summaiize both the exposuie and its ovei-all effects, 
and this is, to me, what Di Hoople means when he wntes 
“the lelations of heaung loss to noise exposuie aie multi¬ 
dimensional ” 

THE SEARCH FOR AN ECONOMICAL DESCRIPTION 
OF THESE RELATIONS 

It appeals, then, that we must pick and choose a set of 
vanables in oidei to descube noise exposure and its effects 
upon the heaung of even quite well-defined exposed popula¬ 
tions Selection of the vanables is determined in part by our 
ability to measuie certain quantities moie accuiately and 
moie easily than otheis, m part by oui value judgment of 
what aspects of human hearing aie most important, and 
finally, by oui desire to obtain simple lelations between 
reasonably economical descnptions of both exposures and 
aftei-effects If these lelations between quasi-engmeenng 
variables make sense m the light of what we know about 
possible mechanisms, so much the bettei 

It is m this context that the piogiess of lesearch on the 
aftei-effects of noise exposure and of cntenon guesseis must 
be evaluated We have come a long way since the penod in 
which noise exposure was characterized by an ovei-all level, 
read on one of the early sound-level meters, we aie, never¬ 
theless, fai from being able to give an adequate description 
of the acoustic environment m which a chop forgei spends 
his working life We have become keenly aware of the fact 
that exposuies to even quite steady-soundmg noises need to 
be characterized by spectrum, duration, and by what might 
be called a statistical description of temporal fine-structure 

These considerations give us a glimpse at the complexities 
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has been upon the technical pioblems that still lemain to be 
solved The speakers who pieceded me stiessed foi om 
benefit the difficulties that aie encounteied m the collection 
of data and the uncertainties of inteipietation that need to 
be lesolved By way of contrast (and not with any intention 
of being less honest) I shall try to emphasize, m lathei gen- 
eial terms, the knowledge that we have alieady gained Con¬ 
sensus is obviously needed befoie we aie leady to go about 
setting cuteiia 01 standaids 1 ealistically Unless theie is 
significant agieement among the piesumably best mfoimed 
technical people we have no basis foi the social standaid of 
judgment that a ciitenon lepiesents In the United States 
alone, several cuteiia have been suggested within the past 
decade, and the same seems to have happened m othei coun¬ 
tries This plethoia of suggested cntena leflects to some 
extent the complexity of the task involved, whethei we at¬ 
tempt to set standaids foi maximum allowable concentiations 
of chemical poisons, foi exposuie to ladiation, 01 foi ex¬ 
posures to noise 

Recently ( 1956 ) the U S National Academy of Sciences 
published a senes of summaiy lepoits on “The Biological 
Effects of Atomic Radiation ” The distinguished committee 
on the Genetic Effects of Atomic Radiation tried to put be¬ 
foie the geneial leadei some of the complications that must 
be faced befoie decisions can be leached or recommendations 
foi the general welfaie made The scientist-citizen has to be 
willing to make lough estimates in aieas m which his knowl¬ 
edge is fai fiom ceitam He may then have to weigh the out¬ 
come of these technical considerations, with then attendant 
uncertainties, against considerations of national secunty and 
international relations The lole of the scientific statesman 
is thus haidly one foi which giaduate 01 even postgraduate 
study piepaies 

THE RELATIONS OF HEARING LOSS TO NOISE EXPOSURE 
INVOLVE MANY VARIABLES 

Foitunately, the lisks that concern us m this conference 
aie less seiious than those that lesult fiom exposuie to atomic 
ladiation, fuitheimoie, we can moie easily assess some of 
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to these questions 01 at least decisions legal ding them would 
have to be foithcoming befoie standaids 01 entena could be 
stated In the yeais that have passed, informed scientific 
opinion has come to feel that as long as man’s healing foi 
eveiyday speech, undei eveiyday conditions, lemains pio- 
tected, we aie successfully pi eventing noise-induced healing 
losses fiom becoming a senous handicap We have said 
enough about the difficulties of specifying noise exposuie 
The last two decades have seen much piogiess m the spectial 
analysis of noise, it is to be hoped that m the yeais ahead 
compaiable piogiess will be made m the analysis of noise 
exposuies Certain piomising beginnings have already been 
made, and the necessary electiomc equipment and computa¬ 
tional facilities aie at least in pimciple available 

The Z 24 -X 2 report asked “What peicentage of the people 
exposed should a standaid be designed to piotect’” This 
amounts to picking a cut-off peicentage m a statistically de- 
tei mined situation and is equivalent to saying that a given 
cuteiion entails a lisk of a senous handicap m X pei cent 
of the exposed population The 1 epi esentative of a state 
government who testified befoie the Z 24 -X 2 committee le- 
rmnded us gently that such a position was politically impos¬ 
sible m a demociacy, wheie one has to aim at piotectmg 
eveiybody Without entenng into an aigument on issues of 
social philosophy, let us point to the lole of piograms of heal¬ 
ing conservation and m particulai to monitonng audiometry 
It is by such piogiams that the highly susceptible individuals 
who aie woiking m noise-hazaidous aieas can be identified 
and tiansfened to locations wheie tlieie is less lisk to then 
healing Thus entena and pieventive medicine can combine 
to piotect piactically eveiyone 

Two Examples of Cntena foi Noise Exposuie 

Fiom what piecedes it should be cleai that a particulai 
cuteiion lepiesents a multifaceted compiomise it assumes 
a certain population and a certain level of acceptable usk, it 
is, m geneial, accompanied by a certain hearing conservation 
piogiam, and it makes certain assumptions about future 
noise exposuies (most often it assumes that they will be 
moie 01 less identical with those that pievail today) By 
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of defining the effective exposuie stimulus Its specification 
depends, at least in pait, upon the kind of aftei-effect m 
which we aie going to be intei ested, hence, we need agiee- 
ment upon a valid and yet leliably measuiable estimate of 
man’s auditory capacities Given oui geneial concern with 
human communication, it seems leasonable to settle upon 
man’s ability to communicate by speech This is not the place 
to discuss our piesent ability to make such measuiements in 
a nonlaboiatoiy envnonment, 01 even the possibility of pie- 
dictmg, by pui e-tone audiometiy, man’s ability to disci lmm- 
at speech, but we should emphasize that pui e-tone audiometry 
will continue to have value fiom the viewpoint of pieventive 
medicine foi a long time to come 

Finally, we must face the pioblem of just how homogeneous 
oui populations aie with lespect to exposuie and to the vanety 
of other vanables (such as military service, education, and 
so on) that aie at least partially eon elated with the 1 espouse 
vanables that we have chosen 

The socially necessary task of piedictmg the effects of 
exposuie upon whole populations beais little lesemblance to 
prediction m the classical stimulus-response paiadigm Theie 
the stimulus is something that happens "heie and now”, it 
can be assumed that the experimenter has been able to un¬ 
couple his subjects sufficiently fiom then distant and lecent 
past and that post-expenmental events will have little in¬ 
fluence upon the subject’s response behavioi Even m clas¬ 
sical psychophysics these assumptions are not always justified, 
heie, they aie completely umeahstic Heie, noise exposuie 
sti etches over a man’s woikmg life-time and may well in¬ 
clude significant contributions to this exposuie fiom his 
military service, fiom his acoustic envnonment while he 
tiavels to his job 01 about this globe, and fiom his addiction 
to loud music—to name just a few of the possible hazaids 
These uncertainties m the specification of the exposuie make 
foi mcieased variability, just as presbycusis and quasi-social 
factois do 

WHOM SHOULD CRITERIA BE DESIGNED TO PROTECT 9 

In the section entitled “Conclusions” the Z 24 -X 2 lepoit 
foimulated thiee questions The committee felt that answeis 
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basis foi a nomogiam that permits the computation of equiva¬ 
lent exposuie times 

Let us now pass fiom this example (in winch we deal with 
a lathei well-defined population, m which we aie pieoccupied 
pimiaiily with “jet-type” noise, and m which the statement 
of ciitena is accompanied by a well-designed heaung con- 
seivation piogiam) to a document that amis at less cleaily 
defined situations In its lecent “Guide foi Conservation of 
Healing in Noise” the Subcommittee on Noise m Industry 
states 

“At the piesent time oui knowledge of the lelations of noise- 
exposuie to heaung loss is much too limited foi us to piopose 
safe amounts of noise-exposuie We can, howevei, point to 
certain noise levels that indicate when it is advisable to in¬ 
itiate heaung conseivation piogiams These levels will not 
be geneial because a diffeient level is needed foi diffeient 
types of noise and diffeient schedules of exposuie The 
heaung conservation level that we now specify tentatively 
applies only to yeais of exposuie to bioadband steady noises 
with lelatively flat spectia It does not apply to short ex- 
posuies, and, above all, it does not apply to impact noises 
01 nanow-band noises Tins tentative healing conseivation 
level is stated as follows 

“If the sound eneigy of the noise is distributed moie 01 less 
evenly throughout the eight octave bands, and if a peison is 
to be exposed to this noise legulaily foi many horns a day, 
five days a week, foi many yeais, then if the noise level m 
eithei the 300-600 c p s band oi the 600-1200 c ps band is 
85 db the initiation of noise-exposuie control and tests of 
heaimg is advisable The moie the octave-band levels exceed 
85 db , the moie uigent is the need foi hearing conservation ” 

These two statements aie not unlike m philosophy and gen¬ 
eial appioach, and they do not diffei much m terms of the 
actual numbeis that aie involved, but it would be unwise to 
conclude that 85 db is “it,” and that theie is not loom foi 
diffeient compionuses, foi diffeient cuts of the cntenon-pie 
If youi situation peimits you to “fix” othei aspects of noise 
exposuie you may w r ant to state youi ciitenon m minutes pei 
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making all of these assumptions as explicit as we can, we 
cut the numbei of vanables to the point wheie cutena can 
be set meiely by specifying a few numbeis * 

Now I should like to quote fiom two lecent documents to 
lllustiate some of the points that have been touched upon 
m Octobei, 1956, theie appealed an An Foice Regulation 
entitled “Hazaidous Noise Exposuie” Its puipose was to 
establish a piogiam foi minimizing the undesnable effects 
of exposuie to noise on An Foice Peisonnel In the section 
of the Regulation that deals with methods of contiollmg ex¬ 
posuie to hazaidous noise, “limits foi noise exposuie" aie 
stated in this mannei 


“a Limits foi lifetime eurposuie The limits foi lifetime 
exposure to bioad band noise aie given in teims of the band 
piessuie level foi foui octave bands The foui octave bands 
aie 300-600 c p s , 600-1200 c p s , 1200-2400 c p s , and 2400- 
4800 c p s In setting limits, it is assumed that the eais aie 
unpiotected and exposed continuously duung noimal woik- 
houis ovei a penod of 25 yeais The risk of damage to 
healing is slight when the piessuie level of a band does not 
exceed 85 db It mcieases as the band piessuie level in- 
ci eases, and is excessive at 95 db Eai piotection is lecom- 
mended foi continuous exposuie to a sound piessuie level 
above 85 db in any of the foui octave bands It is manda¬ 
tory foi exposuie above 95 db Eai piotection may consist of 
leducing the noise level m the eai canal, ieducing exposuie 
time, oi both ” 

Theie follows a statement on daily short-teim exposuies 
m which the so-called equal eneigy assumption! selves as a 


* -Vs a matter of fact as long- as the spectral and temporal 0 r 

noise stays In sufficiently narrow bounds two different exposurea 
equal duration could be compared on the basis of a single nun Ejy ,"., h 
This single number (which could be the over-all level) carries along 
it a whole host of hidden parameters 

(■According to this concept equal quantities of acoustic energy 52/huted 
the ear canal are equally injurious regardless of how they are discr , 
In time assuming that the equivalent quantities of noise energv e i 
or exceed the hearing damage risk criteria. This is not the pm 
examine the evidence for this assumption or to discuss the ways in 
it should be qualified At present it represents within certain iimus 
simple and yet quite conservative guide-line It would furthermor 
Instructive to compare and contrast the rationale for this assunii 
with the rationales expressed in statements from the NAS-NKb sunn 
reports according to which the total dose of radiation is "hat 
this statement being based on the fact that the genetic dtamaffo a 
radiation Is cumulative and The concept of a safe rate of to 

simplv does not make sense if one is concerned with genetic cianing 
future generations 
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6 Principles for Evaluating Hearing Loss (a report of the Council on 
Physicial Medicine) JM.JIJL, 157 1408-1409, 1955 also Noise Control, 
Vol 2 1113, Jan , 1956 

7 Air Force Regulations 160 3 on Hazardous Noise Exposure Dept of 
the Air Force—'Washington, Oct 29, 1956 

8 Guide for Conservation of Hearing in Noise (prepared by the Sub¬ 
committee on Noise in Industry of the Amer Acad, of Ophthalmology and 
Otolaryngology), pp 1-24 1957, also Noise Control, pp 23-31, May 1957 
also Ind Med and Surgery, Vol 26 185 192, 1957 

Prof Rosenblith We will now have the discussion If 
you have a discussion as to a specific participant m this 
morning’s program, dneet it to him, if not, I shall try to 
duect it to the person most appiopnate 

Dr. Warren H Gardner, (Cleveland, Ohio) I have been 
intei ested m the statement about the 4000 frequency dip and 
the piobability that the dip can l elate to acoustic tiauma I 
am familial with the audiogiams of peihaps 200,000 to 
300,000 children, and I have found quite a large number of 
4000 frequency dips in childien fiom ten to 18 yeais of age 
I should like to laise the question In an adult of 35 yeais 
of age, who has been woikmg m a noisy place, how can we 
tell whethei that 4000 fiequency is due to acoustic tiauma 
oi whethei he had that dip when he was 12 yeais old 

Prof Rosenblith Will someone volunteer to answei 9 

Dr Senturia I think Dr Hoople said something very 
wise about this piecise pioblem m his papei 

Prof Rosenblith Would you like to lepeat them, oi ex- 
piess youi opinion 9 

Dr Senturia No, I would like to expiess the opinion of 
Di Gaidnei, that there aie many peisons under the age of 
21—those who have not been exposed to noise, and who show 
4000 cycle dips, and I, too, would like a furthei elaboiation 
of this pioblem I wish that Di Hoople weie here, but since 
he is not, I would ask someone else m the audience, peihaps 
Di Glong, to elaboiate 

Dr Glorig I happen to be one of those persons who do not 
believe that theie is a charactei istic noise-mduced audiogiam 
It just so happens that when you look at audiogiams of pei¬ 
sons exposed to noise, the loss occurs fust at 4000 cycles. 
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day, 01 as a cncle of yellow paint aiound a paiticulai noise 
source, 01 even as a single numbei on the dial of a noise-level 
metei that weighs the frequency spectium m an appiopnate 
way 

In summaiy, I should like to emphasize that, at piesent, we 
base our cuteiia on the concept of noise eojposuie in contra¬ 
distinction to the pieviously emphasized noise level We feel 
that cuteiia or standaids aie, in the natuie of things, a 
“package-deal” a given level of risk foi a population whose 
age-stiuctuie, health conditions, and “woikmg lifetime ex¬ 
pectancy” m a given noise envnonment aie moie 01 less 
known, is coupled to healing conservation and noise contiol 
piogiams of specified scope This ensemble of somewhat 
unceitam conditions is then held against the Z24-X2 tiend 
cuives (or similai mfoimation), the facts of speech com¬ 
munication, and against the backdiop of a pi evading social 
philosophy This is the process that yields cuteiia Men of 
science often feel ambivalent about their lole m this piocess 
moie than their nonscientific fellow-citizens, they aie awaie 
of the incompleteness of the technical mfoimation available, 
they know that by combining cuteiia with conservation pio¬ 
giams we may piotect human hearing at the cost of studying 
the after-effects of noise exposure moie caiefully, yet, if 
those who have expert knowledge will not advise in policy¬ 
making, they will fail to make then contribution to the 
functioning of a democratic society 
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as just a guess, such as I ha\e heaid many times m court 
pioceduie, wheie the man was exposed to noise foi five 
minutes “Tins is capable of pioducrng a hearing loss, theie- 
foie, this man’s healing loss is due to noise ” It is a great 
mistake to do this sort of tiling You get youiself backed 
up m a comei many tunes, and can be made a fool of by the 
attorneys m this lespect I don’t think test of leciuitment 
will give you any final answei 

Prof Rosenblith Not being a medical person, may I say 
something about the way we have appioached this pioblem 
We have talked heie this morning about proability tables of 
hearing loss for given noise exposuies Just as m mortality 
tables, theie will be people who die eaily and people who die 
latei, so foi a given noise exposuie, theie will be a wide 
spiead, and in tins particulai thing, you cannot, m my opinion, 
piedict, unless you have a lot of extia knowledge Just as 
a healing conservation program is also part of a diagnosis, 
because, in order to make a diagnosis, you want to have the 
kind of infoimation that comes fiom controlling a man’s 
healing undei conditions of noise exposuie 
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but I do not think that because theie is a dip theie, you can 
say 1 is noise-induced I think the answei to youi question 
is, oes it exist pnoi to it, whethei you get an initial audio- 
giam and then have an audiogram to follow, which will 
indicate what was theie befoie the noise exposuie 

Prof Rosenblith The only time this morning that some- 
o y talked about acoustic tiauma was m connection with 
s oit exposures that give use to something that we feel is 
moie adequately descnbed as tiauma The slow, insidious, 
noise-induced healing loss that we usually talk about, we 
would not like to confuse, at least m oui piesent state of 
ignoiance, with what is known as acoustic tiauma Now, 
this is a piefeience, this teimmology, but it helps us to keep 
oui very limited numbei of facts stiaight 

Dr Richard E Marcus, (Wmnetka, Ill) In discussing 
the question of diffeiential diagnosis, as laised m Di Hoople’s 
paper, and brought up again in the question of the 4096 dip, 

I wondei whethei we might not consider some of these hear¬ 
ing conseivation piograms and scieenmg suiveys In essence 
we aie finding the numbei of peisons who have a healing 
loss Then, we must use them as a point of depaituie foi 
the individual heaung test, including the pui e-tone audi- 
ometiy, plus leciuitment tests, and whatevei othei test we 
may be able to devise, to make the diffeiential diagnosis The 
contoui of the audiogiam itself is not an indication of the 
diagnosis, but othei heaung tests may well give us the clues 
that we are looking foi 

Dr Glorig I believe, that if you aie going to make a 
diffeiential diagnosis, you must have moie than heaung 
tests You need physical examinations and histoiy, pai- 
ticulaily histoiy of occupation I find that one of the facts 
most lacking in the histones that aie taken in noise-induced 
cases is the history of the occupation of the individual This, 
then, allows foi not having sufficient noise exposuie, oi no 
knowledge of Avhat kind of noise exposuie The making of a 
diffeiential diagnosis is a difficult pioceduie and needs a 
gieat deal of expenenced judgment on the part of the diag¬ 
nostician It could not be done at the flip of a fmgei and 
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heaimg side by side with the sense of seeing What we learn 
fiom the study of vision can sometimes claiify oui study of 
audition, and vice veisa 

The particulai pioblems I shall discuss 1 elate to the mannei 
m which the eye and the eai lespond to the intensity of light 
and sound 


ELECTRICAL EFFECTS 

Both the eye and the eai aie what we call tiansduceis, they 
convert eneigy fiom one form into anothei Although then 
principal function is to convert light and sound into nervous 
eneigy, they aie also able to perform otliei mteiestmg tians- 
foimations Both these sense oigans convert the eneigy of 
then lespective stimuli into electucal eneigy, as demonstiated 
by the “electi o-i etmogiam” m the eye and the “aural micro- 
phonic” m the eai These electiical phenomena turn out to be 
fai moie complex than was fust supposed, but since we now 
know how to amplify and lecoid the minute electrical po¬ 
tentials generated m the sense oigans, we can use these 
potentials to study the action of the sensoiy tiansduceis In 
the expert hands of my colleague, Di Bekesy, these methods 
have levealed important facts about the “electio-anatomy” of 
the complicated stiuctuies m the mnei eai 

Not only do the sense oigans turn light and sound into 
electiicity, but when we pass electnc cunents thiough these 
oigans a sensation lesults Volta discoveied this fact back 
m the yeai 1800, when he fust connected some of his newly 
invented electiic cells to metal lods inserted m his eais Some 
time latei, E H Webei did a similai expenment, using his 
biothei as the subject, but when he passed a curient thiough 
the head, his bi other saw a light This may have been the 
fust instance of the pioduction of what we now call a phos- 
phene Actually, these eaily experiments weie not very suc¬ 
cessful Fanly high D C voltages weie used, and the lesult 
was too painful to beai lepeatmg With smallei A C voltages 
it is quite possible to make a peison heai a tone, 01 even a 
radio piogram I once filled my eai with salt watei and 
connected the output of a radio set to an electrode immeised 
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One of the most vital and intei estmg facts about human 
beings is that they aie equipped with sense oiga ^ 
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peiceive oux envnonment thiough oui sen ® lt J con - 
especially thiough oui eyes and eais. and it is dif 
ceive how the human lace could suivive if whadl no eye^ 
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to study then natuie and then behavioi, an an( j t o 

m international confeiences to tell of oui discove . 
discuss oui many unsolved problems 

As members of this Conference we aie, of ! cotnse. 
eoneeined with the ear than with the eye, the 

two organs constitute oui puncipal means the eye 

energy that is transmitted to us Horn distant,oh^ 
and the eai have much m common and si , natU ie, we 
we aie deeply mteiested in the general town of of 

sometimes find it highly instinctive to study the 
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healing, the basilar membiane moves thiough a minute ampli¬ 
tude winch is even less than the wave length of X-iays 

Calculations leveal that the minute displacements needed 
to excite a sensation of heaung in a good eai aie of the same 
01 dei of magnitude as those that aie pioduced by the theimal 
agitation of the molecules of the an itself To the eai with 
supenoi heaung, theiefoie, we may assume that any fuithei 
mciease in sensitivity would be of little use, unless one caied 
to listen to the banging of the molecules Like the eye, the eai 
can peiceive almost as small a stimulus as natuie can pioduce 

DYNAMIC RANGE 

Although, m evolving these tiansduceis with then supeib 
sensitivity, natuie has pushed the tluesholds down to wheie 
they are limited by the chaiactenstics of the stimulating 
medium, natuie has not foigotten that useful sense oigans 
must also lespond well to high intensities The dynamic 
lange of the intensities to which these oigans leact is gieatei 
than a tullion to one 

In 01 dei to measuie such extieme langes of eneigy, we 
commonly lesort to the use of loganthmic scales, of which 
the decibel scale is an example We aie all familial with the 
use of decibels foi the measuiement of sound intensity, but 
it is intei estmg to note that the decibel is equally useful as a 
measuie of light intensity By choosing appiopnate lefeience 
levels, we have set up a common decibel scale foi both light 
and sound in such a way that intei esting similanties between 
the two senses aie at once appaient 8 

The common decibel scale is shown m Fig 1 The lefeience 
oi zeio db levels aie lO -10 Lambeit foi vision and 10 -10 micio- 
watt pei squaie centimetei foi audition Both of these lefei¬ 
ence levels aie neai the absolute thiesholds of the two senses 

First, we note that the luminance of the sun, oui majoi 
souice of illumination, is about the same numbei of decibels 
above threshold as is the intensity of a jet ail plane with aftei- 
bumei, which is piobably the loudest sustained man-made 
noise yet pioduced Listening to the noise of such an an plane 
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, , 1 + tU1 , , was a ^ e ^ ear the piogiam, but it was 

i ? , la 01 ^ un til a D C voltage was simultaneously ap 
e ° eeec tiode, then the speech and music became veiy 
c eai y fust thought was that this method of exciting 
e eai, which I have called the electiophonic effect, might 
piove an aid to the haid of healing, but we soon discoveied 
tnat an eleetucal stimulus becomes painful befoie it becomes 
ou enough to be useful When this sort of expenment is 
earned out on a normal ear, with an intact eaidium, the 
e ec lie cuilent probably does not excite the mnei eai dnectly, 
but merely sets up audible vibrations m the skm 5 


In oidei to excite the cochlea dnectly, it is necessary to use 
a patient whose eai drum has been lemoved We once in¬ 
vestigated 20 eais that lacked tympanic membianes 6 When 
stimulated by a sinusoidal electnc current, 11 of these eais 
heaid a puie tone, indicating that we may have been stimu¬ 
lating the cochlea dnectly Seven of the eais heaid only a 
noise We may mterpiet the healing of a noise as the sinus¬ 
oidal cuirent stimulating the auditory neive dnectly In 
these experiments we sometimes stimulated othei neives—the 
facial neive and the vestibulai neive—even though we were 
trying not to do so 


SENSITIVITY 

One of the most amazing things about oui sense organs is 
then sensitivity The eye is such a sensitive device that the 
minimal energy that must reach the letma m ordei for a man 
to see is a meie half dozen quanta If the eye weie much 
moie sensitive it would piobably do us little good, because 
light energy does not come in smallei than quantal packages 

The sensitivity of the ear is no less surpusmg The ear is 
the most elaborate mechanical system m the human body 
At those frequencies wheie this complex mechanism is most 
sensitive, a sensation of heanng is pioduced when the eaidium 
moves thiough an amplitude that is less than the diameter 
of a hydiogen atom Under these cn cumstances, the motion 
of the basilai membiane is even less than that of the ear- 
dium—approximately 100 times less At the threshold of 
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THE MEASUREMENT OF SENSATION 

Although, we use decibel scales to measure the intensity of 
the stimulus, we must leahze that the decibel is not a measuie 
of the sensation pioduced By this I mean that a stimulus 
at 50 db. does not appeal to us to be half as gi eat as a stimulus 
at 100 db It seems much less than half as great The law 
that governs the apparent giowth of sensation is not the 
loganthmic law that Fechnei pioposed more than a hundied 
yeais ago If Fechner’s law weie collect, both bughtness 
and loudness would be pioportional to decibels But when 
a peison is asked to compaie 50 db with 100 db he neaily 
always says that the 50 db stimulus looks, oi sounds, much 
less than half as stiong Most people report that the 50 db 
stimulus appeals to be only about one-fiftieth as gieat as the 
100 db stimulus 

Dunng the yeais we have perfoimed many diffeient ex¬ 
pel lments to try to determine moie piecisely the law i elating 
the magnitudes of the sensations of light and sound to then 
lespective stimuli Although diffeient pioceduies give 
slightly diffeient lesults, certain geneial punciples aie be¬ 
coming cleai It is cleai that we must leplace Fechner’s 
loganthmic law by a quite diffeient formula, foi the basic 
psychophysical law turns out to be a po-ioei function Foi 
example, when people aie asked to make duect quantitative 
estimates of the subjective brightness of a white light, the 
magnitude of then estimates is loughly pioportional to the 
cube loot of the physical intensity, and to me a most lemaik- 
able fact is that appioximately the same law appeals to hold 
when people aie asked to judge the subjective loudness of a 
“white noise ” 

In oidei to fix a unit foi the subjective scales which we use 
to measuie bughtness and loudness, we have chosen the 
stimulus level of 40 db (see Fig 1) Thus we define a bul, 
the unit of subjective bughtness, as the bughtness one ex¬ 
periences when looking at a luminance of 40 db , with the eye 
daik-adapted Similaily, the unit of subjective loudness, the 
sone, is the loudness of a 1000-cycle tone at 40 db (40 phons) 
On this scale, a loudness of 2 sones sounds twice as gieat as a 
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Fig 1 A decibel scale for light and sound showing the approximate 
1 Q \ els of luminance and of sound intensity produced by various source* 
together with a few important threshold levels The points indicated by 
arrows are exact levels fixed by definition The other levels are npproxl 
matlons only 


is haid on the eais, just as looking dnectly at the sun is hard 
on the eyes Both aie fai above the level wheie discomfort 
begins, which is at about 110 to 120 db on both scales The 
comfoi table brightness foi seeing and the comfortable loud¬ 
ness for listening aie both neai the middle of these decibel 
scales, and when stimuli aie less than about 40 db we stiain 
to peiceive them 

These decibel scales demonstiate that the dynamic langes 
of vision and audition axe enoimous The sense oigan pio- 
cesses that turn physical eneigy into neivous eneigy aie such 
that the output of the sense oigan glows with the input over 
a lange of the oidei of 150 db In this lespect, oui sense 
oigans aie piobably supenoi to any man-made transduceis yet 
devised 
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Although we use decibel scales to measure the intensity of 
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estimates of the subjective bughtness of a white light, the 
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cube loot of the physical intensity, and to me a most lemaik- 
able fact is that appioximately the same law appeals to hold 
when people aie asked to judge the subjective loudness of a 
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In ordei to fix a unit foi the subjective scales which we use 
to measuie bughtness and loudness, we have chosen the 
stimulus level of 40 db (see Fig 1) Thus we define a bill, 
the unit of subjective bughtness, as the brightness one ex¬ 
periences when looking at a luminance of 40 db , with the eye 
daik-adapted Similaily, the unit of subjective loudness, the 
sone, is the loudness of a 1000-cycle tone at 40 db (40 phons) 
On this scale, a loudness of 2 sones sounds twice as gieat as a 
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loudness of 1 sone, a loudness of 10 sones is ten times as loud, 
and so forth 

Foi a 1000-cycle tone, the standaid lefeience signal whose 
sound piessuie level we use as the yaidstick to measuie loud¬ 
ness level in phons, the mle is loughly the same From the 
pooled lesults obtained in seveial diffeient laboiatones we 
have detei mined that the loudness m sones S is i elated to 
loudness level m phons by the foimula 

log S = 0 03P - 1 2 

This foimula tells us that m oidei to change loudness by a 
factor of two we need to change the stimulus by 10 phons 9 

The appioximate similanty between loudness and bught- 
ness is shown m Fig 2 In both expenments we meiely asked 
obseiveis to assign numbeis to the vanous stimuli (presented 
m megulai ordei), and to tiy to make the numbeis piopoi- 
tional to the appaient loudness or the appaient brightness 
The bughtness expenment was conducted by J C Stevens 
The fact that the data fall on straight lines m a log-log plot 
shows that both loudness and bughtness aie pioportional to 
the stimulus intensity laised to a powei 

What we learn fiom all this is that the loudness heaid by a 
noimal eai does not beai a simple one-to-one i elation to sound 
eneigy, nor to sound piessuie, noi to decibels What we 
peiceive is a sensation resulting fiom the complex action of 
the eai and the nervous system, acting as tiansduceis m a 
mannei we do not yet fully undei stand 

RECRUITMENT 

Let us now discuss anothei similarity between vision and 
audition It concerns the pioblem of leciuitment, a subject 
of gieat inteiest to audiologists In its extieme foim, leciuit¬ 
ment is a sti iking phenomenon, because an eai that shows 
leciuitment may be haid-of-healing foi faint tones and yet 
heai loud tones with the same loudness heaid by a noima 
eai In othei woids, as the intensity is mci eased, loudness 
glows moie lapidly in some eais than in otheis 
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SQUARES DECIBELS RE IO~'° LAMBERT 


Fig 2 Median magnitude estimations for loudness and brightness For 
loudness each of 32 observ ers made two estimates of each level of a 1000- 
c>cle tone For brightness each of 2S dark-adapted observers made two 
estimates of each lev el of a white light The target subtended a little 
less than 5 degrees and was illuminated for about three sec. at each 
presentation. The two sets of data have been separated vertically b\ an 
arbitrary amount- Hence the ordinate scale is relative only 
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Actually we can distinguish at least foui ways in which the 
late of growth of loudness with intensity can be alteied All 
foui of these aie sometimes lefened to as leciuitment They 
are as follows 

1 Recruitment as a function of fiequency The loudness 
of low-fiequency tones grows more rapidly than the loudness 
of high-fi equency tones Thus, when a tone of 50 cycles pei 
second is only 30 db above thi eshold, it may sound as loud as 
a 1000-cycle tone that is about 50 db above threshold 

2 Recniitment undei masking The pi esence of a masking 
noise raises the thi eshold foi a tone, but when the intensity 
of the tone is raised above the masked thi eshold, the loudness 
of the tone glows lapidly When the intensity of the tone is 
raised sufficiently fai above the masked thi eshold, the tone 
sounds as loud as it would sound if no masking noise weie 
piesent 

S Recruitment undei fatigue oi adaptation Exposuie to a 
loud noise may tempoianly laise the thi eshold of the eai by 
as much as 60 db oi moie In an ear suffeung fiom such a 
temporary heaung loss, loudness grows moie rapidly with 
intensity than m an eai that has not been fatigued by a loud 
sound 

U Recruitment in pathological eais Theie are diseases 
of the ear that can cause heai mg losses foi faint tones without 
greatly lmpaning the loudness peiception of intense tones 
We know that this kind of lecruitment exists, but we still 
have much to leam about its causes 

What concerns us heie, howevei, is not so much the causes 
of leciuitment as the fact that analogous phenomena occur 
m vision This is an impoitant fact which we should keep 
m mind when we aie tempted to theorize about the mechan¬ 
isms undei lying leciuitment The phenomenon is by no means 
limited to the auditoiy sense 

Each of the foui classes of leciuitment which we have 
alieady discussed has its parallel in vision Let us considei 
each of them m turn 

1 As is tiue foi loudness, bughtness vanes with intensity 
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SOUND PRESSURE LEVEL IN OCTAVE BAND 
IN DECIBELS RE O 0002 MICROBAR 

Fig" 3 The relation between loudness and sound pressure level for 
octave bands 


moie lapidly foi some wave lengths than for otheis Thus a 
led light appeals to glow bughtei at a faster late than does 
a gieen light when the intensity is laised above thieshold 

These basic facts aie shown in Figs 3 and 4 Fig 3 shows 
how the loudness of vanous octave bands of noise glow with 
sound piessuie level This chart was piepaied to facilitate 
the calculation of the total loudness of a noise on the basis 
of octave-band measuiements 10 The total loudness turns 
out to be the loudness in sones of the loudest octave band plus 
30 pei cent of the sum of the loudnesses in all the lemainmg 
bands 

The rapid giowth m the loudness of the low-fiequency 
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We know that this kind of leciuitment exists, but we still 
have much to leam about its causes 
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of leciuitment as the fact that analogous phenomena occur 
m vision This is an impoitant fact which we should keep 
in nnnd when we aie tempted to theonze about the mechan¬ 
isms undei lying leciuitment The phenomenon is by no means 
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Each of the foui classes of leciuitment which we have 
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each of them m turn 

1 As is tiue foi loudness, bughtness vanes with intensity 
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threshold of a tone, but as the level of the tone is laised its 
loudness soon leaches the value it would have if the masking 
noise weie not piesent' In Fig 6 we see that a very sunilai 
effect takes place m the eye Blight glaie patches weie placed 
beside a stimulus taiget viewed with one eye, and the biight- 
ness of the taiget was matched by a taiget m the othei eye, 



which was not subjected to glaie The unfilled points aie 
fiom an expeiiment by Diamond 3 The filled points show oui 
attempt to complete the curves by determining the thieshold 
shift undei the same stimulus conditions 

3 We have also found that m the eye that has been exposed 
to a strong light bughtness glows moie lapidly with intensity 
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bands m Fig 3 has a lough paiallel in the lapid giowth of 
the luminance of led light (650 npi) shown m Fig 4 Lumin¬ 
ance, when measuied m decibels, is analogous to oui concept of 
loudness level, and is piopoitional to the loganthm of the 
subjective bughtness The data m Fig 4 aie fiom estimates 
made by Weaver 11 



red 

2 Masking m heaung has its analogue in what is called 
glaie m vision In the piesence of a source of glaie, the ab¬ 
solute thieshold of the eye is xaised, but when the stimulus 
is made moie intense than the glaie the appaient brightness 
of the stimulus glows to the value it would have even thoug 
the glaie weie not piesent Thus masking leciuitment occuis 
m both vision and audition 

Recruitment cuives under masking and glaie are shown 
m Figs 5 and 6 As shown in Fig 5, masking raises the 
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show in Fig 7 was obtained by exposing one eai to a wide 
band of noise fox 32 minutes at a sound piessuie level of 130 
db 2 Loudness balances wei e then made between the exposed 
and the noimal eai at five frequencies between 1000 and 1700 
cps The points m Fig 7 lepiesent the aveiages foi the 
five fiequencies We see that, although the thieshold was 



Fig 7 An example of a temporary hearing loss produced by exposure 
to an intense noise The exposed ear shows loudness recruitment 


laised by the noise exposuie, the loudness heaid by the ex¬ 
posed eai was essentially normal foi tones at an SPL of about 
110 db 

The effects of exposing the eye to bright light are shown 
m Fig 8 These data show that ovei the low luminance levels 
the light-adapted eye shows leciuitment, le, the curves aie 
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than it does m the eye that is daik-adapted Exposure to 
stiong light laises the absolute thieshold of the eye m much 
the same way that exposure to intense sound laises the thiesh¬ 
old of the eai There are many impoitant diffeiences heie, 
but m both cases the peiception of intense stimuli lemains 
moie neaily normal than the change in thieshold would lead 



us to expect In othei woids, brightness 1 eciuitment occuis 
in the light-adapted eye, just as loudness leciuitment occuis 
m the eai that has been tempoianly fatigued 

These relations are shown m Figs 7 and 8 Actually the 
effects of exposuie to intense sound aie quite vanable, and so 
aie the lesultmg leci uitment curves The particular curve 
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shown m Fig 7 was obtained by exposing one eai to a wide 
band of noise foi 32 minutes at a sound piessuie level of 130 
db 2 Loudness balances wei e then made between the exposed 
and the noimal eax at five frequencies between 1000 and 1700 
cps The points m Fig 7 lepiesent the aveiages foi the 
five fiequencies We see that, although the thieshold was 



Fig 7 An example of a temporary hearing loss produced by exposure 
to an Intense noise The exposed ear shows loudness recruitment 


laised by the noise exposuie, the loudness heard by the ex¬ 
posed eai was essentially normal foi tones at an SPL of about 
110 db 

The effects of exposing the eye to bright light are shown 
m Fig 8 These data show that over the low luminance levels 
the light-adapted eye shows lecruitment, t e, the curves are 
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Fib 8 Showing how light adaptation lends to brightness recruitment 
at low loeels of luminance 


steep at the low end On the othei hand, theie is an im- 
poitant difference to be noted In the eye the leciuitment is 
not complete In othei woids, aftei oui eyes aie adapted to 
a blight light, all lights look dimmei than they would if we 
weie daik adapted, but the effect on lights neai thieshold is 
lelatively gieatei than the effect on the highei levels 

It should be mentioned that the positions of the cuives 
tlnough the points in Fig 8 weie deteimined m an experi¬ 
ment 1 involving bughtness balances between the two eyes, 
with one eye daik adapted and the othei light adapted The 
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points themselves weie obtained by J C Stevens, who asked 
gioups of 18 light-adapted observeis to estimate the appaient 
bughtness of vanous stimuli 

h Certain pathological conditions in the eye can also laise 
the absolute tlneshold without causing a coin espondmgly laige 
change m the appaient bughtness of intense lights I have 
lecently had the opportunity of examining a case of what is 
called congenital stationary night-blindness The patient was 
a young man who appaiently saw quite noimally undei high 
illumination (except foi a slight myopia) but who saw noth¬ 
ing when the luminance was below about 40 db He has a 
biothei and a sistei who have similai deficiencies So fai as 
I know, bughtness peieeption in these cases has not been ex¬ 
plored as thoioughly as loudness peieeption in eais that show 
auditory lecimtment, but the fact that visual reciuitment 
seems to exist in certain abnoimal eyes is interesting evidence 
of a furthei functional similarity between the eye and the ear 

In these lemaiks I have stiessed some of the functional 
similanties between vision and audition It would be equally 
possible, of cornse, to stiess the differences between these 
two lemaikable sense oigans, for there aie indeed important 
differences Even where then behavioi is similai, the under¬ 
lying mechanisms may of couise be quite diffeient Not all 
the pioblems faced by audiology aie similai to the pioblems 
that aiise in the visual sciences, but theie aie enough paiallels 
between the geneial laws of vision and those of healing to 
make it highly profitable foi us to study the eye in oidei to 
learn moie about the ear and vice veisa 

Let us considei one final mattei, concerning another type 
of loudness giowth—a phenomenon that could be legaided 
as a form of lecimtment, but one that seems to have no 
parallel m vision dependence of loudness on the band width 
of a sound From lecent studies of this phenomenon there 
emeiges the important concept of a critical band width 

Figs 9 and 10 show examples of data from a study by 
Zwicker, Flottorp and Stevens 12 In these experiments the 
listenei made a loudness balance between a companson sound 
and either a complex of foui puie tones (all at a constant 
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Fig 9 Showing how loudness depends on the overall spacing tl e 
a four-tone complex. The spacing of the tones was unllorm j oU d 

center frequency inrtipfltpfi on a a on curve Each point is ^r a , lt __ 


indicated on each curve Each point is g i n gle 

ness balances by 16 to 22 listeners The s>mbol T means th adjusted 

comparison tone was adjusted C means that the complex w ternl j n ed 

The lines through the data have a break at the frequencies 
by other critical-band determinations 


level) oi a band of noise In Fig 9 we see that, as the spac 
ing between the tones is mcieased, the loudness of the comp ex 
lemams essentially constant until the ovei all spacing A 
leaches a cutical value Beyond that point the loudness gi° w | 
as the spacing is mci eased In other woids, theie is a a 
of leciuitment The cutical value of A F depends on i 
fiequency legion m which the tones he 
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BANOWIDTH IN CPS - AF 

Fig” 10 Showing how loudness depends on the band width AF of a 
noise of constant sound pressure le\el The lines through the data ha^e 
a break at the frequencies determined b> other critical-band determina¬ 
tions 


In Fig 10 we obseive a similai effect when we mciease the 
width of a band of noise whose ovei all sound piessuie level 
is held constant Beyond a cubical point the loudness m- 
ci eases with band width, but as long as the eneigy lies within 
a critical band all that seems to mattei foi the determination 
of loudness is the sound piessuie level of the noise In fitting 
the lmes to the data m Figs 9 and 10 we placed the bieak 
between the hoiizontal and the using segment at the points 
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Fig- 9 Showing how loudness depends on the overall spacing 41 ° 
a four-tone complex The spacing- of the tones was uniform o-bout 
center frequency indicated on each curve Each point Is based on i° 
ness balances b> 16 to 22 listeners The symbol T ’ means that the sinbic 
comparison tone was adjusted C means that the complex was adjusteu 
The lines through the data have a break at the frequencies detenmneu 
by other critical-band determinations 


level) 01 a band of noise In Fig 9 we see that, as the spac¬ 
ing between the tones is mcieased, the loudness of the complex 
lemams essentially constant until the ovei all spacing A F 
leaches a cutical value Beyond that point the loudness glows 
as the spacing is mci eased In othei woids, theie is a kind 
of leciuitment The cutical value of AF depends on the 
fiequency legion in which the tones lie 
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AN ATTEMPTED SYNTHESIS OF PSYCHO-ACOUSTIC 
TEST DATA IN THE AUDIOLOGICAL CLINIC 

J Donald Harris, 

U S N Medical Reseaich Laboiatory, 

New London, Conn 

Moie than a dozen sepaiate tests, based upon as many dif- 
feient principles, have been pioposed m lecent yeais to assist 
m distinguishing “conductive” and "peiceptive” deafness 
Many of these tests, even the classic Webei and Rmne exam¬ 
inations, do succeed well in making tins fust distinction, and 
some, such as caieful BC audiometry, can often give a quite 
pi ease idea of the lelative components in mixed deafness 

One notes that the terms “conductive” and “peiceptive,” 
in past decades thought useful and cleaicut, aie today eiodmg 
lapidly A vanety of causes and sites of “conductive” lesion 
lender that teim a catch-all with less piecision than now le- 
quned Mygmd and otheis even speak of “conductive” lesions 
within the cochlea, heie the original division has bioken 
down completely On the othei side, it is now cleai that the 
categoiy of “peiceptive” deafness lias even less explicit 
meaning It is lelatively useless to lump all disoideis of 
the auditory mechanism fiom peiilymph to ceiebium undei 
one compendium phiase, if one can be moie specific 

It is fan to say that one of the advances which has assisted 
otologists to be moie specific has been the mtioduction into 
the clinic of a gieat deal of psycho-acoustic thought by the 
otologists and by suppoitmg peisons Theie is implicit heie 
a whole new concept m otological diagnosis, namely, that 
since a particulai physical disoidei of pathology m certain 
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dictated by measuiements made m thiee othei types of ev 
penments In othei woids, foui diffeient techniques liave 
conveiged on the deteimmation of this cutical band width 

The cutical band width thus measuied turns out to be 
about 2 5 times as laige as the cutical band width onginally 
pioposed by Fletchei, 4 which was based on a diffeient kind of 
experiment, nevertheless, m then dependence on fiequency 
both Fletcher’s band and this new band follow much the same 
couise The width of the new cutical band is about 90 cps 
at the low fiequency end of the spectium Neai 1000 cps 
the widths is about 170 cps, and neai 10,000 cps it is about 
2400 cps 

Not only does this cutical band width emerge m diffeient 
kinds of expei iments, but it also seems to be closely i elated 
to othei important auditoiy functions Foi example, each 
critical band occupies about the same width on the basilai 
membiane Each band contains about the same numbei of 
just noticeable diffeiences m pitch, and each contains loughly 
the same numbei of mels (units of subjective pitch) We 
have leason to believe, theiefoie, that this cutical band width 
may come to hold an important place m auditory theoiy 
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Loudness-Inciements Sensitivity 

Sensitivity foi Loudness by Constants 

Pitch-Modulation Sensitivity 

Pitch-Memory Sensitivity 

Pei stimulatory Adaptation 

Post-Stimulatoiy Adaptation and Fatigue 

Tempoial Integiation 

Puie Tone Distoition Thieshold 

Masking of Speech and Puie Tones 

Intelligibility of Speeded and Reveibeiant Speech 

That this list is by no means complete is indicated by the 
fact that each of these tests has a bibliogiaphy of fiom seveial 
to dozens of items In one lecent leview of leciuitment, foi 
example, ovei a dozen tests of leciuitment and/oi closely 
allied topics weie hsted Foi anothei example, the field of 
loudness disci mnnation is buigeonmg, and new tests not 
listed above aie appealing all the time 

A numbei of these tests have been woiked up foi entnely 
non-clmical pui poses, and then piesent audiological lelevance 
has aiisen mainly by chance—witness the woik of Bekesy, 
Hood and otheis Some wi iters have cieated audiological 
tests on the basis of some good guess as to the natuie of the 
disoideis ajid the capacities of the defective eai—Luschei, 
Langenbeck, Huizmg, Hood again, Miskolczy-Fodoi, and oth¬ 
eis What happens is that someone suddenly has an idea 
that pitch disci lmmation, leveiberant speech, 01 auditory 
masking, may assist m otological diagnosis, and a numbei of 
patients (it is the lule to use fai too few foi any solid lelia- 
bility) aie given the new test, with the lesult that the original 
autlioi is quite enthusiastic about its nosological meaning 

Following this, anothei laboiatory 01 clinic, changing ex¬ 
pel imental conditions fieely, gives what is said to be the 
same test and finds conflicting 01 ambiguous lesults This 
exact sequence has happened with tests of lesidual auditory 
fatigue, with masking, with intensity discrimination, with 
temporal integration, and with pel stimulatory adaptation, to 
name seveial lecent examples At the piesent time, all 
woikers are convinced that the pimciple is sound, that such 
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patients can be shown to cause atypical behavioi on a certain 
psycho-acoustic test, that test may be useful in thrown* 
on e diagnosis m anothei patient whose pui ely physical 
examination yields ambiguous concepts as to the locus 01 
etiology of the dysfunction 


1 °^ 1S ^ S ^ ave been impelled to seek foi such mfeiential 

ig m diagnosis of “peiceptive” disoideis because foi the 
mos P ai ^' these tissues m the auditory mechanism aie, and 
must lemain, inaccessible to the otoscope, and even to the 
exploratory suigeiy of the tympanum, m which such giant 
s 11 es aie cunently being taken, howevei this may be m 

e futuie, it now seems possible with psycho-acoustic as¬ 
sistance to go beyond the lathei coaise conductive-pei ceptive 
dichotomy and begin to bieak down the lattei category into 
at least thiee subdivisions, neuial, end-oigan, and cochleai 
(non-end-organ) The neuial categoiy can of course be 
bioken down furthei in some patients, and theie is even the 
hope that m the future an attack can be made on the very 
indefinite categoiy “cochleai (non-end-oigan) ” 

Having thus placed psycho-acoustic thinking m perspective 
as a pait of the armamentarium of the otologist, it lemains 
to considei what test oi tests could, oi even should, be avail¬ 
able in the complete clinic I should like to diaw youi at¬ 
tention to 1 a. buef discussion of how some of the piesent 
psycho-acoustic tests have come to be suggested, 2 turn to 
one i ational line of reasoning as to how a complete and 
mutually exclusive battery of such tests might be constructed, 

S how a “profile” of test lesults may con elate highei with 
diagnosis than results fiom any one oi two tests 

It mil be instructive fust to list a few of the psycho¬ 
acoustic tests or cntena which have been pioposed foi the 
clinic 


AC-BC Audiogiam, Level and Shape 

AC-BC Differential 

Threshold Uncertainty Interval 

Shape of Speech Intelligibility Function 

Loudness Balancing, and Shape of Recruitment Curve 

Loudness-Modulation Sensitivity 
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Loudness-Inciements Sensitivity 

Sensitivity foi Loudness by Constants 

Pitch-Modulation Sensitivity 

Pitch-Memory Sensitivity 

Pei stimulatory Adaptation 

Post-Stimulatory Adaptation and Fatigue 

Tempoial Integration 

Puie Tone Distortion Threshold 

Masking of Speech and Puie Tones 

Intelligibility of Speeded and Revei bei ant Speech 

That this list is by no means complete is indicated by the 
fact that each of these tests has a bibliography of fiom seveial 
to dozens of items In one lecent leview of leciuitment, foi 
example, ovei a dozen tests of leciuitment and/oi closely 
allied topics wei e listed Foi anothei example, the field of 
loudness discilmmation is bulgeonmg, and new tests not 
listed above aie appealing all the time 

A numbei of these tests have been woiked up foi entuely 
non-chnical pui poses, and then piesent audiological lelevance 
has ansen mainly by chance—witness the woik of Bekesy, 
Hood and otheis Some wi iters have cieated audiological 
tests on the basis of some good guess as to the natuie of the 
disoideis apd the capacities of the defective ear—Luschei, 
Langenbeck, Huizmg, Hood again, Miskolczy-Fodoi, and oth¬ 
eis What happens is that someone suddenly has an idea 
that pitch disciumnation, leveiberant speech, or auditory 
masking, may assist m otological diagnosis, and a numbei of 
patients (it is the lule to use fai too few foi any solid relia¬ 
bility) aie given the new test, with the lesult that the original 
authoi is quite enthusiastic about its nosological meaning 

Following this, anothei laboiatory 01 clinic, changing ex¬ 
pel imental conditions fieely, gives what is said to be the 
same test and finds conflicting 01 ambiguous lesults Tins 
exact sequence has happened with tests of residual auditory 
fatigue, with masking, with intensity disci immation, with 
temporal integration, and with perstimulatory adaptation, to 
name seveial lecent examples At the piesent time, all 
workers aie convinced that the punciple is sound, that such 
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tests will ultimately piove valuable m diagnosis, but no gen- 
eial agieement is had on any specific test 

The difficulty with these multi-vaiious test possibilities is 
that they aie not mutually exclusive, 01 m othei terms, they 
aie not factonally puie auditory tiaits A puie auditoiy 
tiait is assumed to have a dnect 1 elation to the way the eai 
tiansduces and tiansfoims the acoustic stimulus into cochleo- 
neuial events A particular psycho-acoustic test, on the con¬ 
trary, may be far from pure, partaking of so many piimary 
auditoiy abilities that its results become ambiguous This 
means that a patient’s atypically pooi peifoimance on this 
test cannot thiow any light on the condition of specific tissues 
01 processes m the auditoiy mechanism 

As a lesult of studies at this laboratory* we now know, foi 
example, that pitch discrimination, long thought to be a pu- 
mary auditoiy ability, is actually bioken down into two 
factois, pitch-memory and pitch-modulation A noimal eai 
may be veiy good on one of these tiaits but only aveiage on 
the othei A defective eai on the same head may show a 
different pattern Foi anothei example, the detection of 
speech m noise is found not to be 1 elated to the detection of 
a sine wave, 01 bands of noise, 01 clicks, 01 Gaussian pulses, 
but is factonally complex with a Iaige specific component of 
its own with alliance to factois of pitch and tempoial pat¬ 
terns Foi a third example, we suspect speeded-up speech to 
be factonally fanly puie, by analogy, in the field of intelli¬ 
gence testing, to the piimary mental ability of veibal facility 

Only when a test is factonally puie can theie be a chance 
of its lepiesentmg fanly elementaly operations of the audi¬ 
toiy mechanism, so that if an eai perfoims badly on that test, 
the souice of tiouble m the auditoiy mechanism can be pin¬ 
pointed A factonally complex test will almost hopelessly 
becloud the clinical issues We have alieady seen this happen 
for loudness discrimination, as I shall amplify latei 

I feel it is now possible to take a completely lational ap- 
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pioach to the pioblem of audiological tests, using the tech¬ 
nique of factoi analysis as mentioned Oui woik usmg tins 
appioach m pitch disci lmmation, loudness disci lmmation, 
contact detection, and speech leception has been summanzed * 
We can now suggest “tag tests” foi two pitch factoi s, thiee 
loudness factoi s, and two 01 moie distorted speech factois 

As a paiadigm, let us examine the mattei of psycho-acoustic 
tests foi susceptibility to acoustic tiauma Many mdustnal 
physicians and audiologists have pioposed a buef exposuie 
to model ate sounds, and a single thi eshold-shif t index assigned 
to each man, but these pioposed tests have used exposuies 
langmg fiom 0 4 sec to 10 mm fiequencies ovei a bioad 
lange including white noise and clicks, and a wide vanety of 
othei dissimilanties exists Should one give all these tests’ 
The technique of factoi analysis piovides a means to i educe 
them to the fewest numbei which will sample the whole field 
of tempoiaiy threshold shift Laige groups of subjects would 
seive foi the following piogiam 

a Outlining the aiea with a dozen oi moie specific test 
ideas One would include among othei things tests of auial 
overload, latent damage, short-duiation adaptations, etc 

b Tape-i ecoi ding these pielimmary tests with appiopnate 
psycho-acoustic equipment and psycho-physical techniques 
acceptable by today's standaids 

c Trying them out foi leliability, and standaidizmg them 
on pilot groups 

d Tape-i ecoi ding a final battery of tests and piesentmg 
to at least 200 subjects with normal ears 

e Intel-coi relating and factoi analyzmg 

/ Intel pi etmg the data m teims of piimaiy auditory 
abilities 

The smallest numbei of tests which would explain variance 


•MRL Report No 57-4 
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among subjects would then be cast into a piedictive batteiy 
and admmisteied to men destined foi high noise aieas 

Such an appioach, with tapes widely distubuted in seveial 
eountues, would bung ordei into a confused field and bung 
final piedictive success much closei to reality 

Exactly the same soit of statistics-plus-psycho-acoustics is 
suggested foi the otological clinic, except that the final win¬ 
nowing of standardized puie tests m any area, such as loud¬ 
ness discrimination, would be furthei used to exploie the 
diagnostic significance of each of the several pi unary abilities 
within the bioad area of loudness discilmmation 

It may be well to explain this last point heie Luschei and 
Zwislocki fust succeeded in using a measure of loudness 
disci immation as a clinical index of leciuitment, and sub¬ 
sequent data by Neuberger and others fiom that laboiatory 
have convinced us that, in geneial, the otological conditions 
associated with leciuitment aie also associated with lmpioved 
sensitivity foi amplitude-modulation On the other hand 
one lecalls Denes and Naunton’s conclusion, exactly opposite 
from Luscher’s, that neai thieshold the leciuitmg eai shows 
a relative impiovement m loudness sensitivity Note, how- 
evei, that Denes and Naunton used a “constants” method, 
with an interval of silence between two tones to be judged, 
it should now be clear why we feel that the techniques of 
loudness sensitivity by the “constants” method and the “amph- 
tude-modulation” method both aie applicable to the defective 
eai, and can both be used to assist in diagnosis Rathei 
heavy cuticisms of each method have been made by the othei 
school, on the basis that “amplitude-modulation” pioduced 
side-bands to blui the “quality” of the tone 01 that the "con¬ 
stants” method yields an mcongi uously pool sensitivity at 
highei intensities, but it seems that such cuticisms aie beside 
the point, furtheimoie, it is not at all necessaiy to suivey 
the seveial inconclusive leports and the seveial appaiently 
contiadictory leports, thiow one’s hands up and simply await 
the appeal ance of fuithei inconclusive and inconsistent ie- 
poits 

The diffeience m lesults between the "constants” and the 
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“modulation” tests goes fai beyond the elementary notion 
that the exact value of a DL depends upon the techniques 
used to measuie it—heie we aie not dealing with the same 
auditoiy tiait In “amplitude-modulation” the ability is 
lendeied moie acute by whatevei otological conditions cause 
leciuitment, and this impiovenient exists at about equal 
stiength ovei the whole lange of sensation level On the 
othei hand, m “constants” the ability is lendeied moie acute 
but only in the legion of lapid lecnutment A particulai type 
of pathology may affect one tiait m one way and the othei 
m a quite diffeient way 

With this thought m nund we aie bettei able to assess the 
seveial leports which have appealed since the ongmal vali¬ 
dating papeis These lepoits aie mutually mfoimative, not 
conti adictory 

I have said peihaps enough to point out how we expect to 
geneiate newei and moie meaningful (“puiei”) tests foi 
auditoiy tiaits with continued effort Paiticulaily, we feel 
that the aieas of speech, of tempoial patterning and lhytlims, 
of masking and contact detection, of auditoiy fatigue and 
adaptation, and the aiea of intei -factor lelationslnps must be 
exploied 

I now dnect youi attention to the thud point, that m a 
paiticulaily difficult diagnostic situation one may look at not 
only the lesults of tests one by one, but also at the intei - 
lelations among the sets of lesults It is the pattern, 01 
pi of lie, that may well be the leally important clue Foi 
example, piesbycusis is often chaiactenzed by loweied BC, a 
ceitam slope of audiogiam, absence of leciuitment, distortion 
of tempoial mtegiation, and lack of lesistance to speeded 
speech If one looked at only one 01 two of these tests an 
uncertainty might exist, but the total pictuie becomes cleaiei 
when the test pi of lie is consideied Foi an othei example, we 
have published data showing that impioved loudness dis¬ 
ci immation need not be paid foi with a detenoiated pitch 
disci lmination, but that this is always tiue with acoustic 
tiauma 
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among subjects would then be cast into a piedietive batten 
and admimsteied to men destined foi high noise aieas 

Such an appioach, with tapes widely distubuted m several 
countnes, would bung oidei into a confused field and bring 
final piedietive success much closei to leality 

Exactly the same soit of statistics-plus-psycho-acoustics is 
suggested foi the otological clinic, except that the final win¬ 
nowing of standardized puie tests m any aiea, such as loud¬ 
ness discrimination, would be fuithei used to exploie the 
diagnostic significance of each of the seveial pnmary abilities 
within the bioad aiea of loudness discrimination 

It may be well to explain this last point heie Luschei and 
Zwisloeki fust succeeded in using a measuie of loudness 
discrimination as a clinical index of leciuitment, and sub¬ 
sequent data by Neubeiger and otheis fiom that laboratory 
have convinced us that, m geneial, the otological conditions 
associated with recruitment aie also associated with impioved 
sensitivity foi amplitude-modulation On the othei hand 
one lecalls Denes and Naunton’s conclusion, exactly opposite 
fiom Luscher’s, that neai threshold the leciuitmg eai shows 
a relative improvement m loudness sensitivity Note, how¬ 
ever, that Denes and Naunton used a "constants” method, 
with an interval of silence between two tones to be judged, 
it should now be cleai why we feel that the techniques of 
loudness sensitivity by the “constants” method and the “ampli¬ 
tude-modulation” method both aie applicable to the defective 
eai, and can both be used to assist in diagnosis Ratliei 
heavy cnticisms of each method have been made by the othei 
school, on the basis that “amplitude-modulation” pioduced 
side-bands to blui the “quality” of the tone 01 that the con¬ 
stants” method yields an incongruously pool sensitivity at 
highei intensities, but it seems that such cnticisms aie beside 
the point, furtheimore, it is not at all necessary to suivey 
the seveial inconclusive lepoits and the seveial appaientiy 
contiadictory leports, thiow one's hands up and simply awai 
the appealance of fuithei inconclusive and inconsistent le¬ 
poits 

The diffeience in lesults between the "constants” and the 



INTERNATIONAL CONFERENCE ON AUDIOLOGY 


5S5 


TRIPLET TESTING AND TRAINING—AN APPROACH 
TO BAND DISCRIMINATION AND ITS MONAURAL 
OR BINAURAL SUMMATION 

Henk C Huizing and M Taselaar, 

Umveisity of Gionmgen, 

The Nethei lands 

Recently the punciple of what may be called qualitative 
speech audiometry has excited the intei est of some mvesti- 
gatois Kiuisinga 1 studied the phenomena of phoneme con¬ 
fusion m cases of abrupt deafness, and he also investigated, 
m vanous types of healing impairment, the change m in¬ 
telligibility of the spoken voice as compaied to that foi the 
whispeied voice 

Gubenna 2 examined the lesidual articulative function of 
impaiied eais m disci ete octave bands by using adequately 
chosen logatoms as test mateiial 

The gieat diffeience in change of the articulation curve foi 
spoken voice as compaied with that foi whispei in diffeient 
types of healing impaiiment focused oui attention to the 
significance of the test mateiial m a qualitative sense This 
gave us the idea of measuring band articulation, while le- 
taining intelligible speech as test material The gieat redun¬ 
dancy, which chaiactenzes normal speech undei favoiable 
conditions makes it possible to use nanow band speech which 
is still intelligible 

By means of suitable filteis we aie able to nanow the 
band width more and moie until we appioach the threshold 
of intelligibility foi the normal ear To covei the whole tone 
smle by subsequent fiequency bands, thiee diffeient samples 
of speech aie necessary, i e a low, a medium and a high 
quality of speech. Fig 1 shows the width of each of the thiee 
fiequency bands equally weighted as to intelligibility foi the 
Dutch language The filtei characteristics aie given m Fig 2 

This split-up of the tone scale m thiee equivalent parts, 
with conserved intelligibility m each presents the possibility 
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We have a patient with advanced otoscleiosis who exhibits 
a bieakdown m “intensity-modulation" at weak levels, but 
whose loudness by “constants” lemains quite good We have 
a patient with a puie conductive loss by BC, peistimulatory 
adaptation, and a half-dozen othei signs, but who exhibits 
stiaight-lme leciuitment, distuibance of tempoial integration, 
and diminished intensity-modulation We have a patient with 
a sudden unilateial loss above 500 c p s caused piobably by a 
vasculai spasm, with no AC-BC differential, extieme dis¬ 
tuibance of tempoial integration but with delayed and slight 
stiaight-lme leciuitment We have seveial patients with 
quick and complete leciuitment, disturbance of tempoial 
integration, no AC-BC differential, and histoiy of acoustic 
tiauma, but some do and some do not show unusual perstimu- 
latory adaptation We have a patient with mixed deafness 
which would be considered puiely conductive except that 
extiemely distorted tempoial integration leveals a nnnoi 
cochleai lesion We have a patient with high tone cochleai 
deafness piobably familial, with quick stiaight-hne leciuit¬ 
ment which indicates that cochleai lesions m addition to 
acoustic tiauma and Memeie’s disease can distoit tempoial 
integration 


It is no tiouble to exploie the piotocols of patients in the 
liteiatuie fiom the piactices of Palva, Bocca, Fouimei, and 
also dozens of otologists m this countiy, who aie accustomed 
to giving seveial psycho-acoustic tests wheie indicated 01 
wheie possible, to find similai instances 


Such of oui data as seem internally self-contiadictoiy we 
legald as among oui potentially most powerful lesults They 
aie at least not due to scanty sampling, since we aie able to 
schedule both oui civilian and oui militaiy patients foi six to 
ten houis 01 moie if needed We legald as in the pioneei 
stage only, the concepts of faetonally puie auditoiy abilities 
and tests foi them, and of the con elation between pathology 
m any tissue and a concomitant set of 1 esults on a multifactoi 
test battery Oui successes have been limited and have come 
slowly, but f 01 tunately they have appealed at a iate jus 
sufficient not to extinguish oui conditioned duve 
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bihty is given by that part of the tone scale m which the 
thieshold loss is smallest Depending upon the shape of the 
threshold audiogram the ceiebial patterns of the patient 
may be low tuned, medium tuned 01 high tuned It appears 
that the shift in eneigy balance between the vanous frequency 
bands is closely 1 elated to the category of listeneis to which 
the patient belongs 

U Tuplet speech audiometry piovides useful mfoimation 



Pig- 2 Filter characteristics used to realize a triple speech sample in 
equallj weighted frequency bands (low medium and high) 


legardmg the fitting of a heaung aid on an analytic basis 
The analysis may tell us whethei it is advisable to try to 
lestoie moie 01 less the noimal eneigy lelations along the 
whole tone scale, 01 that piefeiably we should confine oui- 
selves to a moie 01 less selective amplification of that pait of 
the tone scale m which the patient’s disci lmmation skill has 
been kept up 

5 In connection with band disci immation analysis we 
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°f obtaining insight into a patient’s partial disci munatiou 
a l i y We need only to deteimme his sentence intelligibility 
01 is spondee ai ticulation scoi e at his most comfortable level 

The application of this tiiplet audiometry on haid of heal¬ 
ing individuals leads to the following conclusions 

1 Tiiplet audiometry piovides moie information about the 



the^Dutch Tanguage eqUenC> ban<3s eQually weighted as to Intelligibility for 


lesidual discrimination ability of a patient, especially as to 
its distubution along the tone scale 

2 Depending upon the type and the duiation of his healing 
impanment, a patient’s disci lmmation ability may be based 
upon a noimal distribution of disci immative capacity along 
the whole tone scale, oi it may be that his lesidual discilmina- 
tive powei is mainly concentiated m a lathei nanow band 
of fiequencies The lattei may be the case despite the fact 
that his thieshold audiogiam still coveis the whole tone 
scale 

3 In cases of long standing deafness with a non-umfoim 
thieshold loss in geneial, the mam contilbution to mtelligi- 
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EFFECTS OF AMBIENT NOISE ON SPEAKER 
INTELLIGIBILITY OF WORDS 
AND PHRASES * 

John J Dreher, 
and 

John J O’Neill, 

The Ohio State Univeisity Reseal ch Foundation, 
Columbus, 0 


I INTRODUCTION 

Some yeais ago it was noticed that a speaker with normal 
heai mg would unconsciously iaise the level of his voice to 
compensate foi the level of noise m which he was speaking 
This phenomenon was mcoipoiated in the development of the 
“Lombaid,” 01 “voice-ieflex” test, which was used to detect 
malmgeiing m the testing of healing It would be supposed 
that as the ambient level of noise foi a speakei became gieatei 
theie would be some changes in his intelligibility 7 Hanley 
and Steel : found that untiamed speakeis, m the piesence of 
noise, tended to 1 educe then late of speaking, piolong syl¬ 
lables, and speak with gieatei intensity as the noise mcieased 
Subsequently, Pickett and Kryter 3 concluded that as a speakei 
mci eased his vocal intensity fiom normal level to a shout, 
his intelligibility decieased at the highei levels It is noted 
heie, howevei, that then mci eases m vocal intensity weie 
accomplished by laismg the voice m quiet sunoundmgs, tech¬ 
nique that may lesult m speech with chaiactenstics diffeient 
fiom those pioduced by a speakei actually fighting noise It 
was not umeasonable to suppose that speech pioduced m 
noisy sunoundmgs might actually mcoipoiate some compen¬ 
satory factois m it, and that within a certain limited lange 
it might be moie effective foi a listenei undei pooi leception 
conditions 


If it could be shown that some of these changes actually 


•This study was done under Contract No 
tional Applications Laboratory Bolling APB 
AFCRC T\ 57-52 \STIA Document No AD 


AP 19(604)-1577 with Opera- 
^ashington25 D C (Report 
- 110 - 0*8 ) 
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dnect attention to two-channel amplification To the ciedit 
of some data m the liteiatuie, 3 and also on account of oui own 
lecent expenments, it may be expected that m certain cases 
of heaung lmpanment the intelligibility may be maikedly 
impioved when the amplified speech is given thiough two 
sepai ated selective bands in bmauial stimulation Foi this 
puipose the distubution of disci lmmation skill along the 
tone scale must be known foi each individual eai 

A double channel system involves a gieatei flexibility' in 
adjustment of the lelative amplification of each fiequency 
band, as well as to the choice of the band foi each sepaiate 
eai It says that a dual set of heaung aids may give a bettei 
opportunity of conti oiling “powei” against “discilmmation” 
It is lathei this powei disci lmmation lelationship which is 
fiequently distuibed due to non-uniform heaung loss, and 
often is hard to lectify by a single cncuit 

If m the neai futuie we succeed m mtioducmg the bmauial 
aid, the tuplet band data of each eai sepai ately will give us 
useful mfoimation foi obtaining an optimum improvement 

6 In young childien with letaided speech development the 
tup let disci lmmation test lends itself pnncipally to the detec¬ 
tion of high tone 01 medium tone deafness (sloping 01 basin 
shaped audiogiams) 

7 Finally this test may tell us whethei it is advisable to 
start an auditoiy tiaimng piogiam m connection with the use 
of a hearing aid, and if so, what kind of piogiam should be 
piefeiable In this connection it should be emphasized that 
the tiiplet system lends itself to selective tiaimng m each o 
the thiee bands mentioned 
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speaker’s voice was piovided by the headset, his momtoimg 
being done only by internal sidetone 

Stimulus matenals consisted of five sets of spondee woids 
and five an. tiaffic conti ol sentences at each of five leeoid- 
mg levels foi each of 15 speakeis All woids and sentences 
weie diffeient foi each speakei at each level, that is, he 
nevei had the same matenal to lead moie than once duung 
his entile lecoidmg stmt The purpose of this was to pi event 
any accommodation to the phiaseology itself Thus, each 
speakei lead, m all, 25 spondees and 25 sentences His initial 
lecoidmg was made by wealing a dead headset, and his lela- 
tively low lesultant voice level (65 db, C scale, one metei 
distant) seived as the base level foi the othei foui lecoidmg 
conditions He then lecoided, m oidei, stimulus matenals 
with 70, 80, 90, and 100 db of noise at the entrance to the 
eai canal To pi event accommodation to the masking level 
the noise was on m the headset only duung actual pioduction 
of the speech, the appeal ance of the noise seivmg as a cue 
foi the speakei to lecoid As soon as the test item was lead, 
the noise was turned off foi a given length of time to allow 
foi listeneis’ wntten lesponse Thiee seconds weie allowed 
aftei each test spondee, eight seconds aftei each test sentence 
A push button operated by the expel imentei conti oiled the 
noise in the speaker’s headset 

The oidei of the test material was rotated m such a manner 
that listeneis foi each of the lecoided conditions heaid all 
test woids and sentences, since the final test tapes weie ai- 
langed to piesent 1 all speakeis’ lecoidmgs m quiet, 2 all 
speakeis’ lecoidmgs m 70 db of noise, and so on, five tapes 
m all 

Aftei this collation of matenals accoidmg to levels, all 
tapes weie le-ieeoided thiough a General Electiic BA-5 A 
limiting cncuit It is pointed out heie that peak clip limiting 
was not employed The operation of this particulai mstiu- 
ment is of bioadcast quality, set foi an attack of 100 rnicio- 
seconds and 0 6 second foi 90 pei cent lecovery The purpose 
of such limiting was two-fold fust, to lemove the effects 
of mcieased vocal intensity fiom the experimental situation. 
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act to inciease intelligibility, we might anticipate a device 
that would exploit this fact Foi instance, a certain amount 
of masking might be mtioduced into the speakei’s eais by 
means of a pie-calibiated device attached to his headset The 
hstenei, who would not be exposed to this noise, would, how- 
evei, heai the impioved output at his end of the link, and the 
importance of such a device would be obvious m ail tiaffic 
conti ol and othei military voice communication applications 

Inasmuch as automatic volume control is an integral pait 
of modem transmission equipment, the accompanying in¬ 
crease m vocal intensity noted m the “voice leflex” leaction 
cannot piopeily be consideied as one of the factois legitimate 
to test Consequently, the loudness (intensity) changes m 
the voice weie compensated foi m the construction of the 
test, a lealistie stuctuie m view of the eventual application 
of voice thiough a limited system 

II EXPERIMENTAL DETAILS 

A General Plan —The Lombaid reaction, while a geneial 
one, vanes m magnitude as do othei voice measuies with in¬ 
dividuals, theiefore, the plan of the study was to get the 
leaction of several speakeis undei seveial levels of masking 
at the eai, companng intelligibility of the speech so pioduced 
against a constant background of masking noise with a large 
numbei of listeneis To avoid attempts on the speakeis’ paits 
to conti ol then vocal level, none weie mfoimed of the voice 
leflex phenomenon 

B Speakers and Stimidus Materials — Fifteen univeisity 
students, thiee male and twelve female, seived as speakeis 
All weie of geneial Amencan dialect and mexpenenced with 
voice lecoidmg methods 

Recoidings weie made with an Altec 21-C condensei micio- 
phone positioned along the speakei’s cheek with the button 
behind the comei of the mouth, out of the bieath stieam 
Duung lecoidmg each speaker woie a pan of PDR-8 head¬ 
phones These headphones fed the taped output of a Giason- 
Stadlei White Noise Geneiatoi (Model 455-B) fiom an Eko- 
tape lecoidei to the eais of the speaker No feedback of the 
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speakei, and the playback level measuied 70 db (C scale) at 
a point ten feet in fiont and on the axis of the loud-speakei 
Each listening session lasted 30 minutes, with each gioup of 
40 evaluating the speech pioduced undei one of the five mask¬ 
ing conditions 

E Analysis of Data —Intelligibility scoies were computed 
foi woids and sentences The lattei weie scoied by peicent- 
age of key woids conect, the formei on peicentage conectly 
identified Physical measuiements of intensity and duiation 
of the ongmal, noise-fiee speech signals weie made and 
tieated with analysis of vanance foi diffeiences Expen- 
mental data weie also anayed m giaphic form to show 
trends 


m RESULTS AND DISCUSSION 

A Intelligibility —Fig 2 shows the intelligibility of both 
woids and sentences as heaid in a given constant S/N latio 
To deteimme the extent of possible scoie, one of the test tapes 
was piesented to a gioup of 40 listeneis without any noise 
masking A scoie of moie than 98 pei cent on both woids 
and sentences was achieved, indicating almost perfect le- 
ception undei excellent leception conditions Data foi listen¬ 
ing sessions with speech pioduced in quiet, 70, 80, and 100 db 
of speakei-masking appeal m Fig 2, scores for the 90 db 
lecoidmg level being unfortunately not available, due to an 
admmisti ative enoi in giving the tests The legulai be- 
havioi of the adjoining conditions would indicate, howevei, 
that similai lesults would have been obtained 

Of immediate intei est is the diffeienee m intelligibility 
scoies between the quiet-pioduced and noise-pioduced speech 
It may be seen that the fust level of noise m the speaker’s 
eais (70 db ) lesulted m speech 35 pei cent moie intelligible 
in lespect to woids, 27 pei cent moie intelligible m respect to 
sentences Fiom that level on, no statistical changes m scores 
aie noted It is appaient, theiefoie, that thioughout the 
range tested, no advantage was gained by the speakeis fiom 
the heaviei masking levels used during lecoidmg The cuives 
also indicate that dunng the steady-scoie legion of 70 to 100 
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second, because such type of intensity 1 eduction is also em 
ployed m anciaft bioadcast cn cults The total lange of 
limiting involved m these tapes amounted to appioxiraately 
10 db 

Aftei le-iecordmg, an oveilay of wideband landom noise 
was recoided on the test tapes The noise oveilay was le- 
coided at a level of 4 db lowei than the peak values of the 
speech signals, both speech and noise being lead on the same 
VU meter As a check, the completed tapes, speech signals 
plus noise overlay, weie lun thiough a giaphic level lecoider, 



Fig 1 Schematic Diagram of Stimulus Preparation 


Sound Appaiatus Co, Model HPL The lesultant tiacings 
venfied the speech peaks as being 4 db above the noise leve 
Fig 1 shows this setup schematically 

C Listeners —Listeners weie 204 AFROTC cadets at The 
Ohio State Univeisity They weie divided into five gioups 
of about 40 pei sons each 

D Test Admimstiation —All listening gioups were m- 
stiucted m the same mannei on the mechanics of filling ou 
the test blanks Stimuli weie then admimsteied ■with an 
Ampex 600 tape lecoidei and an Ampex 620 speakei-amplifiei 
system to hsteneis seated in an aveiage-size classioom The 
neaiest hsteneis weie appioximately six feet fiom the Iou 
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TABLE I 


LEVEL OP SPEECH OUTPUT UNDER CONDITIONS OP BROADBAND 
RANDOM NOISE MASKING AT THE SPEAKER’S EARS 


Condition 

Words (db ) 

Diff (db ) 

Sentences (db ) 

Diff (db ) 

Quiet - 

__65 0 


68 8 


70 db -_ 


5 8 

71 9 

31 

80 db 

_ _ 719 

11 

72 8 

0 9 

90 db 

72 8 

0 9 

73 9 

1 1 

100 db _ 

__74 1 

13 

74 9 

10 



Q 70 60 90 100 

NOISE ENVIRONMENT (IN DB) FOR SPEAKER 


Fig 3 Increase In \ocal output with Increase of masking level at the 
speaker's ears. 


0 38 db /db Fiom his descuption of pioceduie it is possible 
that this highei figuie might leflect some measuiement of 
bieath blast caused by miciophone placement in his expen- 
ment The tiend of the tabled values is shown m Fig 3 An 
mteiestmg point heie is that m all conditions the level foi 
spondee was less than foi sentences, both leadings being 
taken on maximum peaks of the utteiances 

2 D-ui ation Changes —The same lecoidmg tiaces measuied 
above foi intensity changes yielded the compaiative duiation 
measurements tabled below 

As m the case of intensity, mci eased masking level lesulted 
m a steady mciease m dui ation, with the greatest diffeience 
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db the context offeied by the sentence settings lesulted in 
about 10 pei cent more intelligibility Fiom these lesults we 
would assume that a leal and sizeable mciease m the mtelhgi 
bility of speech is lealized by introducing some degiee of 
noise into a speaker’s eais It may be possible that the same 
amount of mciease might be effected with less masking noise, 
and it is also possible that masking levels highei than 100 db 
might pioduce diffeient lesults 



FIs' 2 Intelligibility of words and sentences spoken in \arious levels of 
noise and heard at a constant S/N ratio of zero db 


B Physical Measui es—1 Intensity Changes —Although in¬ 
tensity of the voice did not conti lbute to the intelligibility 
lesults, the ongmal lecordmgs could be measuied to estima e 
the effect of speaker-masking on his pioduetion levels T e 
initial stimulus tapes weie measui ed on the giaphic leve 
lecoidei to deteimme both duiation and intensity Resu 
le 0002 dyne/cm 2 aie shown m Table I 


The laigest intensity mciease comes, both foi woids an 
sentences, when the fust level of masking is employed Af el 
that, succeeding mciements of 10 db masking pioduced an 
aveiage vocal mciease of appioximately 1 db This estima e 
of 0 1 db /db diffeis fiom a pievious estimate by Kom o 
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TABLE I 


LEVEL OF SPEECH OUTPUT UNDER CONDITIONS OF BROADBAND 
RANDOM NOISE MASKING AT THE SPEAKER’S EARS 


Condition 

Words (db ) 

Dlff (db ) 

Sentences (db ) 

Dlff (db ) 

Quiet- 

65 0 

_ 

68 8 


70 db _ 

_ -_70 S 

5 S 

71 9 

3 1 

SO db _ 

__.._71 9 

11 

72 S 

09 

90 db_ 

_ _ „72 S 

0 9 

73 9 

11 

100 db _ _ 

_74 1 

1 3 

74 9 

10 



Q 70 80 90 100 


NOISE ENVIRONMENT (IN DB) FOR SPEAKER 

Fig: 3 Increase in vocal output with increase of masking le\el at the 
speaker 3 ears. 


0 38 db /db Fiom lus description of pioceduie it is possible 
that this highei figuie might inflect some measuiement of 
bieath blast caused by miciophone placement m lus expen- 
ment The tiend of the tabled values is shown m Fig 3 An 
inteiestmg point heie is that in all conditions the level foi 
spondee was less than foi sentences, both leadings being 
taken on maximum peaks of the utteiances 

2 Did ation Changes — The same lecoidmg tiaces measuied 
above foi intensity changes yielded the compaiative dui ation 
measuiements tabled below 

As m the case of intensity, mci eased masking level lesulted 
m a steady mciease m dui ation, with the gieatest diffeience 
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TABLE II 


DURATION (IN CENTISECONDS) OF WORDS AND PHRASES 
PRODUCED UNDER CONDITIONS OF BROADBAND 
RANDOM NOISE MASKING 


Conditions 

Words 

Diff 

Sentences 

Diff 

Quiet_ 

_ _67 0 


170 0 


70 db 

-- 77 0 

10 0 

197 0 

27 0 

SO db .... 

- -_84 0 

7 0 

202 0 

30 

90 db 

_ _ _ 86 0 

2 0 

210 0 

80 

100 db __ 

-88 0 

2 0 

213 0 

30 


Q 

I 

jy 


210 


190 


I TO 


\ * 


* 

o 

£ 

% 

v 
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Fig 4 Increase In duration of words and sentences with increase 
masking in speaker s ears 


of 


coming with the first onset of the masking noise Duiation 
functions foi the two types of test mateual aie show hi 
Fig 4 

Since the intensity factoi had been conti oiled, it cannot be 
held accountable foi the obseived mciease m intelligibility 
scoie associated with noise-pioduced speech, and in view o 
the fact that duiation changes fiom one condition to the ne\ 
weie so small as to be statistically insignificant, we shou 
most logically look to othei dimensions of the voice foi tie 
leasons The answei may lie in the aiea of less well define 
measuies, such as quality and stiess, 01 m the lelationships 
between the sequences of the phonemes making up the speec 
signal Suffice it to say, howevei, that the magnitude o 
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intelligibility change between the fust and second expen- 
mental conditions might make it well worthwhile to attempt 
furthei exploiation and application of it The notion of a 
device foi military communication would seem to be feasible 
foi immediate development aftei additional tests on the 
lange of speakei masking between quiet and 70 db to discovei 
minimum masking level Furthei studies should also be 
made on the extent of speakei accommodation to the masking 
influence The stable and statistically nonsignificant in¬ 
telligibility scoies obtaining m test materials produced undei 
noise conditions of tins study may also offer a tool to the 
audiologist who employs live voice piesentation of tests 

IV CONCLUSIONS 

Fiom the evidence piesented above it is concluded that 

1 Theie is a measuiable and important mciease m the in¬ 
telligibility of both woids and sentences pioduced by speakei s 
opeiatmg with a bioadband landom noise mask m then 
headsets 

2 The intelligibility values of speech pioduced undei 70 
db of masking weie statistically equivalent to those pioduced 
undei 80 and 100 db of masking 

3 Plots of both mean duiation of speech elements and vocal 
output show a legulai mciease with increase m speakei 
masking 

4 The lange of masking between “Quiet,” (estimated by 
cuivilmeai extrapolation to be appioximately 54 db ) and 70 
db of masking needs furthei exploiation to determine addi¬ 
tional points on both the intelligibility and vocal output curves, 
and it is suggested that hve voice tests foi hearing evaluation 
considei the use of sufficient speakei masking to effect the 
vocal stability observed m this study 

5 It is lecommended that the obseivation of mci eased 
intelligibility be put to opeiational test m an craft cncuits 

6 It is lecommended that the afoiementioned opeiational 
test, if successful, should lesult m the engmeeimg of a device 
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foi emeigency use m an-giound communications foi speakers 
m relatively quiet speaking envuonments 
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A COMPARISON OF PICTURE RESPONSE AND HAND 
RAISING TECHNIQUES FOR PURE TONE 
AUDIOMETRY WITH YOUNG 
CHILDREN 

Bruce M Siegenthaler, 
and 

Harriet Kaplan, 

The Pennsylvania State Univeisity, 

Umveisity Paik, Pa 

In oidei to teach the child with a healing loss to utilize 
his heaung to his best advantage, an eaily educational pi° 
giam is necessaiy This lequnes eaily detection of i educe 
acuity, and it becomes desnable that heaung testing teci- 
niques be developed foi use with the young child 

Among the methods m cunent use foi testing young clul 
dien aie noise makeis, speech leception, subjective puie tone 
audiometry, and PGSR Puie tone audiometnes aie P* e el 
able to measurement with noise making appaiatus and speed 
foi at least part of the testing piotocol, because the audiome ei 
gives mfoimation about acuity at specific frequencies, an 
intensity levels aie cahbiated In some quaiteis the P 
test foi childien is not consideied desnable (Although puie 
tones aie used, validity and reliability of testing aie questione 
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because of subjectivity m mteipreting lesults and difficulties 
m conditioning In addition, PGSR sometimes is consideied 
to be unpleasant foi the child and detiimental foi follow-up 
testmg and tiaming) Foi these leasons subjective puie 
tone audiometry continues to be the method most geneially 
piefened foi testing the healing acuity of childien, how- 
evei, many childien will not lespond to puie tone audiometry 
when the standaid lesponse is used (ie, when the child is 
expected to laise his hand when he heais the tone) The test 
pioceduie must be alteied so that suitable lesponses can be 
obtained Puie tone test pioceduies foi childien should satisfy 
at least the following ciitena 1 - 

1 Simple association between puie tone stimulus and re¬ 
sponse 

2 Motivate the child 

8 Take into account child’s short attention span 

U Requite only a gioss motoi lesponse 

5 Not lequne a veibal lesponse 

6 Aid the exammei to gam lapport 

7 Produce valid and leliable lesults 

8 Piefeiably leqiuie only one exammei 

9 Allow monauial measurements 

10 Be economical 

11 Requile only simple manipulation of apparatus 

Although the standaid puie tone audiometry method satis¬ 
fies some of these cnteiia, m seveial important aspects it 
may be impioved upon 

Attempts to devise puie tone audiometnc pioceduies foi 
childien have centeied mostly around techniques for motivat¬ 
ing the childien to listen attentively and to lespond appio- 
pi lately To accomplish these goals a numbei of vaneties of 
the peep-show technique have been devised 3 4 5 In all cases, 
the basic situation is that the child is lewaided foi making a 
coirect response when the tone is on, and he is not rewaided 
if he responds when the tone is not on Other techniques foi 
puie tone testmg with childien have been to associate objects 
with the audiometnc tones, and to cairy on pie-testmg train¬ 
ing piogiams to associate sound with a lesponse a " s9 
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Although the liteiatuie on methods fox testing the heaimg 
of young childien is glowing, little has been done to compaie 
the lesults of acuity measurements made using vanous sub 
jective techniques It was the puipose of this study to com- 
paie the standaid technique (hand laismg) with a pictuie 
lesponse technique (modified peep-show) foi puie tone heal¬ 
ing testing of pxe-school childien The two lesponse tech¬ 
niques weie compaied with lespect to eight cuteiia, piesumed 
to be important foi evaluatmg a heaung test, mentioned 
below 


PROCEDURE 


Thirty-nine noimal lieaung childien weie used foi the 
study They weie pupils at the nuiseiy school of The Penn¬ 
sylvania State Umveisity, and all weie childien of faculty 
members of the umveisity, 01 of business men of the town 
Then chionologieal ages langed fiom thiee yeais thiee 
months to five yeais two months Then mental ages, accoid- 
mg to a Stanfoid-Bmet test, langed fiom thiee years five 
months to six yeais nine months The aveiage I Q of the 
childien was 121 Theie weie 19 males and 20 females 
(Although as a gioup the childien weie of supenoi mental 
ability, this factoi would not be expected to be ciitical to 
inteipietation of the expenmental lesults Each child acted 
as his own control when companng the two test methods ) 


A modified peep-show appaiatus was used foi pait of the 
experimental testing Switching cncults weie airanged, so 
that if a child heaid a tone m his earphone (monauial) an 
piessed the top of a box on the table in fiont of him, t e 
lights in the loom went off and he saw an attiactive coloie 
pictuie of an animal piojected on a scieen If he piessed tie 
box top when theie was no tone, theie was no such iewai 
A standaid puie-tone audiometei was used The anima 
pictuies weie on 2x2 inch slides, and piojected by a sen ^T 
automatic slide piojector If the child became dismteiest 
m a pictuie the examiner piessed a button attached to tie 
piojectoi, and a new pictuie became available Testing was 
done m a quiet loom neai the nuiseiy school The same r °om 
and audiometei were used for the standaid procedure, u 
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the child was expected to laise his hand when he heaid the 
tone Clnldien weie alternated dui mg the testing piogiam, 
so that half of them had then left eais tested fnst and half 
had then light eais tested first, half weie tested with the 
pictuie lesponse technique fnst and half weie tested by the 
standaid hand laismg technique fnst It was attempted to 
give each child both tests m both eais foi fiequencies 1000, 
2000, and 500 cps, m the oidei mentioned Approximately 
two weeks aftei the initial testmg each child was given the 
complete batteiy test again 

The two test pioceduies weie compaied on the basis of the 
following eight ciitena 

1 Thiee fiequency aveiage threshold 

2 Test reliability 

3 Time lequned to orientate child to the test 

U Ease of orientation 

5 Numbei of false responses 

6 Tlnee fiequency threshold test time 

7 Pei cent of thiee fiequency tests completed 

8 Child’s piefeience 

Not all childien could be given the complete batteiy test 
Some coopeiated duung one of the tests but lefused the othei, 
oi occasionally only a partial test could be obtained on an 
eai, theiefoie, m the following analyses the numbei of cases 
considered does not always leach 39, and often the numbei 
is diffeient foi the vanous considerations 

RESULTS 

Thiee fiequency aveiage thieshold —The aveiage threshold 
foi the thiee frequencies on a single eai of a child was com¬ 
puted and used as the thieshold value Table I shows the 
means of these thieshold values foi the two test methods foi 
left eais, and foi light eais on the initial test, and on the 
letest The mean thresholds weie compaied, using the t 
test foi lelated samples Only clnldien on whom complete 
tests could be obtained weie included It can be seen that 
m all compansons the pictuie lesponse technique gave moie 
acute mean thresholds than did the standaid lesponse method 
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Only foi the light eai on the letest did the difference between 
means fail to leach the 10 level of statistical significance 
It also will be noticed that the letest thiesholds aie moie 
acute than the initial test thiesholds Pictuie lesponse tlnesh 
olds averaged about 3 db moie acute than than lesponse 
thiesholds on the initial test 

Test Reliability —To measuie test leliabihty the test-ietest 
threshold value 0, 0-5, and moie than 5 db fiom the initial 

TABLE i 


MEAN DB THRESHOLDS AND t TESTS 




Picture 
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N 

t 

°Md 

_r 

AD 

test _ 

_ 9 0 

12 1 

19 
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02 
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20 
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10 

A D 

retest 

68 

74 

20 

38 
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70 
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retest 
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TABLE II 

PER CENT OP EARS SHOWING DB VARIATIONS IN THRESHOLD 
BETWEEN TEST AND RETEST _______ 


c p a 



PICTURE 

Is 

0 db 

0-5 db 

<5 db 

600 

1000 

2000 

Mean 

% 

- 

52 

53 

53 

35 

26 

43 

35 

79 

77 

81 

79 

21 

23 

19 

21 

c p s 



STANDARD 

N 

0 db 

0 5 db 

<6 db 

600 

1000 

2000 

Mean 

% ~ 

- 

36 

36 

36 

33 

50 

33 

39 

69 

78 

75 

74 

31 

22 

25 

26 


percentages of all eais (both left and light) deviating in 
threshold value 0, 0-5, and moie than 5 db fiom the mitia 
test on the letest weie computed foi each frequency, and axe 
shown m Table II Approximately one-thnd of the eais ha 
0 db deviation foi each method, and approximately tluee- 
fourths of the eais had deviations of 5 db oi less fiom tes 
on letest foi each method Despite the obseived pei cen 
differences between methods for individual frequencies, the 
differences appeal to balance out, and m geneial both methods 
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appeal to have similai leliabilities (Although it is not shown 
in Table II, inspection of the original data indicated that m 
most cases the letest thiesholds weie moie acute than the 
initial test thiesholds This tiend was seen in Table I ) 

Orientatum Time —When a child enteied the testing room 
he was made to feel comfortable and induced to sit at the 
table holding his switching box Aftei the testei demon¬ 
strated wearing the earphones it was possible to put the 
phone on the child, usually without difficulty The timing of 
the onentation began when the eaiphones weie on the child, 
and ended when the child gave three collect lesponses to the 
piesence of a 1000 c p s tone piesented at 50 db heaung loss 
Veibal mstiuctions and demonstrations weie used to teach 
the child the test The mean time lequued to onentate the 
children who weie given the standaid lesponse test fust was 
compaied with the mean time lequued to onentate the chil- 
dien who weie given the pictuie lesponse test fust (It will 
be lecalled that m the subject gioup half weie piesented the 
pictuie lesponse test fust, and half weie piesented the stand- 
aid lesponse test fust) The numbeis of childien m the 
two gioups foi this companson weie not the same because 
some childien could not be onentated to one oi the othei tests 
Foi the 18 childien oiientated to the pictuie lesponse test 
fust, the mean time lequued foi onentation was 87 seconds, 
the 15 childien who could be given the standaid lesponse test 
fust had a mean onentation time of 155 seconds A t test 
computed between these two means gave a value of 1 80, sig¬ 
nificant between the 05 and 10 levels 

Ease of O) lentation —A judgment was made by the exam- 
mei as to the ease of onentatmg each child to the fust test 
he was given The basis foi this judgment was partly on 
the amount of time it took to orientate the child, but laigely 
on the degiee to which his intei est could be aioused and held 
during the orientation, and geneial impiession of his quick¬ 
ness to gam insight into the task lequued Of the childien 
given the standaid lesponse test fust, 70 pei cent (14 chil¬ 
dien) weie easy to orientate, 15 pei cent (thiee childien) 
were difficult to orientate, and 15 pei cent (thiee childien) 
weie impossible to onentate Foi childien given the pictuie 
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weie r y to —>• • 

(thiee Childien) weie imnn 0 ° n entate, and 16 pei cent 

theie was a sightly ziertei 1 ° ° 1Ientate Although 
onentate to the pictuie fw P 0 P 0rti0n of childien easy to 
this piopoition and the n pi ° ceduie > the diffeience between 
standardT y t0 ° lientate ™ th tlle 
accoidmg to a t test (t 50, p^o) ^ Statlstlcally significant 


one technique weie eaSy t0 011entate by 

when it was given second m i V the ° thei technique 

diffei ences existed tho ^ m tle testlng sequence Wheie 

test method Foi ’examnV ^ 8 m faV01 of the pictule 
test fust and easv tn ’ + S ? me chlldlen given the pictuie 
to onentate to the t 1] entate weie difficult oi impossible 
entate to the standard lesponse test when it followed 


TABLE III 

FOR A THREE, FRTONCr TEST 


-Sg*H £g StanriniM 



measuied Zoy noting Consistency of lesponse was 

sponses when t-hm ^ V many times each child made le- 
The mean numhm & bone piesen t for each of the tests 

aid test was two dm m Se ,J esponses made dunng the stand- 
A t test betwpo« fn g picbuie test the mean was 1 75 
(t 16, P 90) heSe mean values was not significant 

thieshold testmo^if T}i1es ^ Lold Test Time —Timing of the 
aftei the nh a ^ 61 com P* e tion of the onentation, 

sponses Becain; 1 ^ made thiee successive collect le- 

eais foi on rV'y ,dien COuld not be tested m both 

light and left P n ° * 16 test P loce duies, test times foi 

ea?s whmh ooufd : L7eJ and 111 the anaiysis ° nly 

to make possihle , ed by both methods weie consideied 

the^Lt W, i J\Z atCh gl0Ups t test Table HI shows 
the test times and t test lesults It can be seen that the 
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standaid lesponse method lequned less time than the pictuie 
lesponse method, but the diffeience was significant foi only 
the left eais (It was the exarmnei’s impiession that the 
pictuie lesponse test lequned longei time because the childien 
enjoyed seeing the pictuies so much ) 

Pei Cent Complete Tests Obtained —Not all childien could 
be tested completely (thiee frequencies m both eais) with 
both lesponse methods Some could be tested m one eai only 
by a given method, and otheis could not be tested at all Table 
IV shows the pei cent of the 39 childien who could not be 
tested m eithei eai, who could be tested m one eai only, and 
who could be tested in both eais by each of the methods 
Each child was tabulated foi his testing with the pictuie 
test and foi his testing with the standaid test Thirty-eight 


TABLE IV 

PER CENT OP THREE FREQUENCY TESTS OBTAINED 
(39 Children) 


0 

s 

< 


PICTURE 

Xo Test 

One Ear 

Two Ears 

0 " 

£ 

No Test 

IS 

2 

21 
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One Ear 

0 
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10 

E-* 

CC 

Two Ears 
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0 
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pei cent (15 children) could be tested completely by both 
methods, 10 pei cent (foui childien) could be tested m one 
eai only by both methods, and 18 pei cent (seven childien) 
could not be tested by eithei method, howevei, it will be 
noticed that 21 pei cent (eight childien) could be tested in 
both eais with the pictuies, but not at all with the standaid 
response method, and that 10 pei cent (foui children) could 
be tested m both eais, using the pictuies, but m only one eai 
by the standaid method Thus a total of 69 per cent (27 
childien) could be tested m both ears by the pictuie method, 
but only 38 pei cent (15 children) could be tested m both 
eais by the standaid response method (In this analysis if 
a child could be tested foi only one oi two frequencies m an 
eai, the result was not counted as a test for that eai ) 

Child’s Preference —At the end of an initial testing session 




554 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


test fust 79 pei cent (15 childien) weie easy to onentate), o 
pei cent (one child) was difficult to onentate, and 16 pei cent 
(thiee childien) weie impossible to onentate Although, 
theie was a slightly greatei pioportion of clnldien easy to 
onentate to the pictuie test pioceduie, the diffeience between 
tins pioportion and the pioportion easy to onentate with the 
standaid lesponse technique was not statistically significant 
accoidmg to a t test (t 50, P 60) 

In geneial, those childien who weie easy to orientate by 
one technique were easy to onentate by the othei technique 
when it was given second m the testing sequence Wheie 
diffeiences existed, they always weie m favoi of the pictuie 
test method For example, some childien given the pictuie 
test fust and easy to onentate weie difficult oi impossible 
to orientate to the standaid lesponse test when it followed 


table in 

MEAN TEST TIME IN SECONDS FOR A THREE FREQUENCY TEST 


A.D 

AS 


Picture 
_246 


Standard _ N °Ati) 

230 14 24 42 

261 20 19 56 


__t_ z 

68 60 

2 48 05 


was 


Consistency of Response —Consistency of lesponse 
measuied by noting how many times each child made ie- 
sponses when theie was no tone piesent foi each of the tests 
The mean numbei of false lespouses made duimg the stan - 
aid test was two, duimg the pictuie test the mean was 1 
A t test between these mean values was not signifies* 11 
(t 16, P 


90 } 


Thiee Fiequency Thieshold Test Time —Timing of tie 
threshold testing began aftei completion of the oiientation, 
te, aftei the child had made thiee successive coirect ie 
spouses Because some childien could not be tested in bo i 
eais for one oi both of the test piocedures, test times oi 
light and left eais weie sepaiated, and m the analysis on y 
eais which could be tested by both methods weie considei 
to make possible a match gioups t test Table III sho\\s 
the test times and t test lesults It can be seen that e 
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standaid 1 espouse method lequned less tune than the pictuie 
lesponse method, but the diffeience was significant fox only 
the left eais (It was the exammei’s impiession that the 
pictuie lesponse test lequiied longei time because the childien 
enjoyed seeing the pictuies so much.) 

Pei Cent Complete Tests Obtained —Not all childien could 
be tested completely (thiee fiequencies m both eais) with 
both lesponse methods Some could be tested m one eai only 
by a given method, and otheis could not be tested at all Table 
TV shows the pel cent of the 39 childien who could not be 
tested m eithei eai, who could be tested m one eai only, and 
who could be tested in both eais by each of the methods 
Each child was tabulated foi his testing with the pictuie 
test and foi his testing with the standaid test Thirty-eight 


TABLE IV 

PER CENT OF THREE FREQUENCY TESTS OBTAINED 
(39 Children) 


Q 

« 

e 

PICTURE 

No Test 

One Ear 

Two Ears 

Z No Te3t 

IS 

2 
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0 
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10 
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pei cent (15 childien) could be tested completely by both 
methods, 10 pei cent (foui children) could be tested m one 
eai only by both methods, and 18 pei cent (seven childien) 
could not be tested by eithei method, howevei, it will be 
noticed that 21 pei cent (eight childien) could be tested m 
both eais with the pictuies, but not at all with the standaid 
lesponse method, and that 10 pei cent (foui childien) could 
be tested in both eais, using the pictuies, but m only one eai 
by the standaid method Thus a total of 69 pei cent (27 
childien) could be tested m both eais by the pictuie method, 
but only 38 pei cent (15 childien) could be tested in both 
ears by the standaid lesponse method (In this analysis if 
a child could be tested foi only one oi two fiequencies m an 
ear, the lesult was not counted as a test for that ear ) 

Child’s Prefei ence —At the end of an initial testing session 
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test fust 79 pei cent (15 childien) weie easy to onentate), 5 
pei cent (one child) was difficult to onentate, and 16 pei cent 
(thiee childien) weie impossible to onentate Although 
theie was a slightly gieatei pioportion of childien easy to 
onentate to the pictuie test pioeeduie, the diffeience between 
this pioportion and the pioportion easy to onentate with the 
standaid lesponse technique was not statistically significant 
according to a t test (t 50, P 60) 

In geneial, those childien who weie easy to onentate by 
one technique weie easy to onentate by the othei technique 
when it was given second m the testing sequence Wheie 
diffeiences existed, they always weie m favoi of the pictuie 
test method Foi example, some childien given the pictuie 
test fust and easy to onentate weie difficult oi impossible 
to onentate to the standaid response test when it followed 


TABLE III 

MEAN TEST TIME IN SECONDS FOR A THREE FREQUENCY TEST 



Picture 
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cr llD 
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Consistency of Response —Consistency of lesponse was 
measuied by noting how many times each child made ie- 
sponses when theie was no tone piesent foi each of the tests 
The mean numbei of false lesponses made duiing the stand- 
aid test was two, duimg the pictuie test the mean was 1 7 5 
A t test between these mean values was not significant 
(t 16, P 90) 

Thiee Fiequency Thieshold Test Time —Timing of the 
thieshold testing began aftei completion of the oiientation, 
ie, aftei the child had made thiee successive collect ie- 
sponses Because some childien could not be tested m both 
eais foi one oi both of the test pioceduies, test times foi 
light and left eais weie sepaiated, and m the analysis only 
eais which could be tested by both methods weie consideied 
to make possible a match gioups t test Table III shows 
the test times and t test lesults It can be seen that the 
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standaid 1 espouse method lequired less time than the picture 
lesponse method, but the diffeienee was significant foi only 
the left eais (It was the examinei’s impiession that the 
pictuie lesponse test lequned longei time because the childien 
enjoyed seeing the pictuies so much.) 

Pei Cent Complete Tests Obtained —Not all childien could 
be tested completely (thiee fiequencies m both eais) with 
both lesponse methods Some could be tested m one eai only 
by a given method, and otheis could not be tested at all Table 
IV shows the pei cent of the 39 childien who could not be 
tested in eithei eai, who could be tested m one eai only, and 
who could be tested m both eais by each of the methods 
Each child was tabulated foi his testing with the pictuie 
test and foi his testing with the standaid test Thirty-eight 


TABLE IV 

PER CENT OP THREE FREQUENCY TESTS OBTAINED 
(39 Children) 
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pei cent (15 childien) could be tested completely by both 
methods, 10 pei cent (foui childien) could be tested in one 
eai only by both methods, and 18 pei cent (seven childien) 
could not be tested by eithei method, howevei, it will be 
noticed that 21 pei cent (eight childien) could be tested in 
both eais with the pictuies, but not at all with the standaid 
lesponse method, and that 10 pei cent (foui childien) could 
be tested m both ears, using the pictures, but m only one eai 
by the standaid method Thus a total of 69 pei cent (27 
childien) could be tested m both eais by the pictuie method, 
but only 38 per cent (15 childien) could be tested in both 
ears by the standaid response method (In this analysis if 
a child could be tested foi only one oi two frequencies m an 
ear, the result was not counted as a test for that eai ) 

Child’s Preference —At the end of an initial testing session 
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test fust 79 pei cent (15 childien) weie easy to orientate), 5 
pei cent (one child) was difficult to onentate, and 16 pei cent 
(thiee childien) weie impossible to orientate Although 
theie was a slightly gieatei pioportion of childien easy to 
onentate to the pictuie test pioceduie, the diffeience between 
this piopoition and the pioportion easy to onentate with the 
standaid lesponse technique was not statistically significant 
according to a t test (t 50, P 60) 

In geneial, those childien who weie easy to onentate by 
one technique weie easy to onentate by the otliei technique 
when it was given second in the testing sequence Wheie 
diffeiences existed, they always weie in favoi of the pictuie 
test method For example, some childien given the pictuie 
test fust and easy to onentate weie difficult oi impossible 
to onentate to the standaid lesponse test when it followed 


TABLE III 

MEAN TEST TIME IN SECONDS FOR A THREE FREQUENCY TEST 
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Consistency of Response —Consistency of lesponse was 
measuied by noting how many times each child made ie- 
sponses when theie was no tone piesent foi each of the tests 
The mean numbei of false responses made dui mg the stand- 
aid test was two, dunng the pictuie test the mean was 1 75 
A t test between these mean values was not significant 
(t 16, P 90) 

Thiee Fiequency Thieshold Test Time —Timing of the 
threshold testing began aftei completion of the onentation, 
le, aftei the child had made thiee successive conect ie- 
sponses Because some childien could not be tested in both 
eais foi one oi both of the test pioceduies, test times foi 
light and left eais weie sepaiated, and m the analysis only 
eais which could be tested by both methods weie eonsideied 
to make possible a match groups t test Table III shows 
the test times and t test lesults It can be seen that the 
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with xespect to ease with which chilchen can be onentated to 
give conect lesponses 

5 Theie is no significant diffeience m the numbei of false 
lesponses given duiing admimstiation of the two tests 

6 The pictuie testing pioceduie takes longei foi the ob¬ 
taining of thiesholds at thiee frequencies In the piesent 
study the diffeience was statistically significant foi only the 
left eais of the subjects, foi these eais the mean diffeience 
was about 50 seconds 

7 With lespect to the success with which a test at at least 
thiee fiequencies can be done, the pictuie lesponse method 
has a cleai advantage ovei the standaid lesponse method 

8 Childien piefei the pictuie lesponse test method 

When considering these eight ciitena foi comparing the 
two test techniques, the standaid lesponse method is sup¬ 
ported only by the cuteiion of test time The cntena of le- 
liabihty and numbei of false lesponses demonstiated no 
support foi eithei method ovei the othei The pictuie le¬ 
sponse method was suppoited by the othei five cntena 

It is questionable whethei the issue of which test is supenoi 
should be decided by the numbei of cntena m favoi of each, 
lathei, the lelative importance of the vanous cntena should 
be consideied Although the standard lesponse method took 
less time to admimstei aftei onentation, the diffeience was 
moie than cancelled by the shortei onentation time foi the 
pictuie method The pictuie method pioduced slightly moie 
acute thiesholds than did the standaid lesponse method, but 
this diffeience is of little numerical oi theoietical importance 
Because any thieshold is deteimined by definition, i e , hearing 
acuity is judged m terms of whethei a given lesponse is ob¬ 
tained, it is to be expected that diffeient definitions of thiesh¬ 
old (diffeient lesponses lequned) would give diffeient 
thieshold db values Howevei, the pictuie lesponse method 
was supported by the very important cntena of mteiest on 
the part of the childien and pei cent of childien who could be 
tested Gaming a child’s mteiest, coopeiation, and test thiesh¬ 
olds aie of majoi importance, both foi clinical examination 
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foi a child he was asked which test he liked bettei, and which 
test he Avould like to have if he wei e to be tested again, also, 
the child’s parents weie sent a lettei lequestmg them to ask 
then child piescubed leading questions about what happened 
in school that day, and to note his 1 espouses On the evening 
that a child was tested the paients weie inteiviewed by tele¬ 
phone legal ding then child’s comments The child’s state¬ 
ments to the exammei and the lepoits made by the paients 
weie tianscubed and piesented to five dismteiested judges 
The judges weie asked to categonze each child’s pattern of 
1 espouses into the categones, “Definite piefeience foi the 
standaid test,” “Slight piefeience foi the standaid test,” “No 
piefeience,” “Slight piefeience foi the pictuie test,” and 
“Definite piefeience foi the pictuie test” These categones 
weie assigned the numencal values 1 to 5 respectively, and 
the numencal values given each child by the five judges weie 
totaled If the total for a child weie moie than 15 he was 
considered to have piefened the pictuie test, if less than 15 
the pictuie test, and if it weie 15 he was consideied to have 
shown no pieference By this pioceduie 91 pei cent (30 
children) showed piefeience foi the pictuie i espouse test, 
3 pei cent (one child) piefened the standard lesponse test, 
and 6 pel cent (two childien) showed no piefeience 

DISCUSSION 

As a lesult of these analyses the following conclusions can 
be diawn legal ding each of the eight ciitenon foi compaung 
the two test piocedures 

1 Foi an initial clinical test of heaung acuity m the middle 
fiequency lange the pictuie response technique gives moie 
acute thiesholds than does the standaid hand iaismg lesponse 
technique The diffeience is about 3 db 

2 Reliability of the two test techniques appeals to be about 
equal 

S Onentation time foi the pictuie lesponse method is 
shoitei than foi the standaid method Foi the piesent sample 
the diffeience was about one minute 

U The pictuie lesponse method is slightly advantageous 
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deimal lesponses Maicus and Gibbs, in 1948 and 1951, weie 
the fust to use electioencephalic lesponses to determine heal¬ 
ing One study was leported by Gidoll m 1952 In 1953, 
Pearl, et al, leported again on the use of the E E G lesponses 
m sleep to evaluate function of the eai Since oui fnst pub¬ 
lication m 1956, Goldstein (1956) has leported on the use 
of the EEG in conscious states as an auditory measuiement, 
and Simon and Emmons (1956) have used these same end¬ 
points 

The ongmal goal of all these woikeis was a clinical one 
concerning the many childien undei 4 and 5 yeais of age, 
and the many older ones m whom lack of communication is 
so senous a pioblem that standaid methods do not woik. 
With these patients it is important to be able to measuie not 
only then functioning level, but also to dissect out wheie and 
what types of tiouble may exist 

Fiom the data obtained by leliable standaid audiometry it 
has been possible to mfei wheie almost any distuibance may 
he m the auditory system These mfeienees, howevei, aie 
only an appioximation They do not tell m a detailed way 
how any particulai part of the system is abnoimal, furthei- 
moie, leliable audiometry is most difficult to obtain m the 
child, wheie accuiacy is most needed 

It is duung the diagnostic and planning states in the 
patient’s eaily yeais that we need certainly to know whethei 
the child’s pioblem is m leception, m coding the informa¬ 
tion mto nerve impulses, oi m tiansmittmg this information 
to the biam, oi if the communication pioblem might also be 
highei up in the cential nervous system involving the decoding 
piocess, the awaieness, oi the mtegiation of this information 
with othei knowledge and memones, so that synthesis into 
action oi speech lesults (Haidy, 1956) , oi if the delayed 
language might be due to psychic foices, so that the child 
fmds that only a certain level of sound oi speech is compatible 
with a comfortable existence It might cost him too much 
emotionally to pay more attention, oi mvest moie m the aiea 
of communication by sounds 

Foi the evaluation of each of these components we need to 
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and foi furthei audiological woik with the child In these 
lespects the pictuie lesponse method seems to have a cleai 
advantage ovei the standaid lesponse method foi testing pie- 
school age childien 


REFERENCES 

1 Mobley, d Rationalism in Testing the Hearing of Children Folia 
Review, 50 486 496, 1948 

2 Schwabtz, A “Supplementary Pure Tone Audiometric Screening 
Test for Pre School Children ” M S Thesis, U Wise, 1952 

3 Dn, M, and Halpeke, C The Peep Show, a New Technique for 
Pure Tone Audiometry in Young Children Brit Med Jour, 2 719 723, 
1947 

4 Waldrop, W A Puppet Shou Hearing Test Volta Review, 55 4SS 
489, 1953 

5 Ewing, A , and Ewing, I “The Handicap of Deafness,’’ p 91 93, Long 
mans Green and Co, New York, 1938 

6 Blooiieb, H A Simple Method for Testing the Hearing of Young 
Children Jour Speech Disord , 7 311 312, 1942 

7 Utley, J Suggestive Proceduies for Determining Auditory Acuity 
in Very Young Acoustically Handicapped Children EJ3H T Monthly, 
27 590 595, 1949 

8 Guildek, R , and Hopkins, L Program for Testing and Training of 
Auditory Function in the Small Deaf Child During Pre-School Years 
Jour Speech and Hearing Disord, 16 5 10, 1951 

9 Lowell, E et al Evaluation of Pure Tone Audiometry with Pre- 
School Age Children Jour Speech and Hearing Disord , 21 292 303, 195o 


FURTHER CONTRIBUTIONS TO THE EEG METHOD 
OF EVALUATING AUDITORY FUNCTION 

A J Derbyshire, 

Haipei Hospital, 
and 

M McDermott, 

Childien’s Hospital, 

Detroit, Mich 

In the yeai 1939 the Davises first descubed the EEG 
lesponses to sound occuirmg in sleeping subjects This most 
accessible fact lay unused, except m animal work until 1948, 
when Doerflei used the EEG mstiument to lecoid electio- 
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most common and most useful one we can identify Less often, 
instead of remaining suppiessed, the pattern may giadually 
mciease its voltage, rismg to a le\ el highei than that seen 
before stimulation This build up shows a latency of 0 5-1 0 
sec 

Thnd, theie aie fiequent off-effects, of typical K forma¬ 
tions, oi buef penods of voltage 1 eduction When woikmg 



Fig 1 This E E G pattern shows three of the four possible responses to 
b seconds of pure tone The two strips are continuous. The E E G patterns 
are recorded between both ear lobe3 and LF (left frontal area) LPm 
(left precentral) IA1 (left central) LP (left parietal) LO (left occiput) 
LT (left mid-temporal) This is a normal hearing’ six-year-old patient. 
Arrows mark on and off of a 4000 c.p s tone at SO db to the right ear 
A K formation begins after a latency of 0 S seconds (on effect) There Is 
a suppression of fast rhvthms in frontal areas from 1 4 sec. to 3 6 sec. 
(continuous effect) although delta (1-2/sec.) persist. There Is no off 
effect other than the return of ll/sec spindling with the cessation of tone 
Seventeen seconds after the stimulus starts there is a dramatic change of 
pattern signaling an arousal. The child woke up stirred and fell asleep 
again. The words ^natural arousal written on the record were our notes 
meaning that no other stimulus was Identifiable in the 17 sec. interval. 


near thieshold these aie often stionger than the on-effect. 
Just as the conscious patient often misses the onset, but 
detects the turning off, of the piesented tone when at oi near 
threshold 

Fourth, there is a late effect Any time within about 25 
seconds of turning on a tone of 5 seconds’ duration theie may 
be a relatively sudden change m the entire pattern of the 




560 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


develop standaidized methods that have a known lehability, 
and at the same time ease of accomplishment clinically 


The E E G audio method m sleep, and m lepose, offeis 
pioceduies which put aside the psychic factois of making 
decisions These electucal patterns tap the cential neivous 
system aftei at least leception, coding and tiansmission have 
occmied It is piobable that the E E G audio lesponse is not 
at the synthesizing 01 motoi levels It is likely that these 
lesponses anse fiom a secondary pathway that splits off 
the mam specific piojection path foi healing somewheie in 
the biam stem 01 thalamus This side path activates a diffuse 
system that m tiun stimulates the cortex, both geneially and 
specifically The lesult is oui EEG lesponse, and we be¬ 
lieve an accompanying change m patients’ sleep level When 
the lesults of E E G audio tests with known lehability aie 
compaied to standaid audiometiy, and to electiodeimal audi- 
ometiy, etc, then we can begin to establish wheie, to what 
degiee and what kinds of mfoimation loss have occuned in 
oui patient’s communication channel 


Of pumaiy importance is a caieful descuption of the 
detectable lesponses used mEEG audiometry in sleep We 
began by seaichmg foi the K foimations descubed by Davis 
They weie most deal and useful, but lequned a modeiate to 
deep stage of sleep, and did not covei all of the vanous le¬ 
sponses They weie bettei seen m lesponse to clicks lathei 
than puie tone Theie weie many times when a 1 eduction of 
voltage oi othei changes weie moie appaient 


We find we can descube foui component paits to the total 
lesponse to a puie tone of two to six seconds’ duiation (see 
Fig 1) Theie is, fust, an on-effect with a latency of 50-500 
msec (avei age 250 msec ) This is most often a K foimation, 
oi a fiagment of one oi a spindle of 14/sec waves Whethei 
oi not a K foi mation occuis, theie is, second, a i eduction of 
voltage, particulaily of the fastei fiequencies m the pattern 
with a latency of 200 to 600 msec (aveiage 400 msec ) This 
suppiession may be buef oi may continue thioughout the 
2 to 6 seconds the tone is piesented Although this is not the 
only kind of lesponse at this point m time, it is by all odds the 
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These lepeats weie done because we weie dissatisfied with 
the results on the first test foi one leason 01 anothei Heie 
again the vanation was =18 db We believe these expiess 
the worst possible enois in the method, and befoie giving a 
final statement we intend to desenbe moie fully the natuie 
of the most lehable lesponse and the lules foi its detection. 
We believe we can do bettei, because the consistency within 
one test is much bettei than the figuie of =18 db When 
there is deviation m oui compai isons it is consistent and 
applies to all pomts in that test 

Oui fnst attempts to solve the reasons foi these differences 
is the work we aie leportmg here We will describe these 
E E G lesponses as a function of intensity ovei a wide in¬ 
tensity lange It should be emphasized that thresholds, le- 
gardless of then usefulness, are but a senes of pomts along 
one edge of a vast field of sensory experience. A thieshold 
is a function tested at its limits, wheie it is most likely to be 
non-linear At threshold the mechanism may function on 
some othei pi maples than it would at the levels used foi 
oidinary communication Finally a thieshold is where error 
is likely to be gieatest 

Theie are two aspects of EE G responses which we can 
measure easily as functions of intensity one is the latency 
of the response, the othei is peicentage of positive responses 
identified at each intensity level, and these can be studied m 
repose and sleep states m the same patient In fact, on 
several occasions it has been possible to record on the 8 
channel E E G machine a signal of the tone piesented, a 
signal activated by the patient’s closing a micio-switeh held m 
his hand, the potentials of the muscles used for that action, 
the E E G, the E D G and eithei a pneumograph of the chest 
or a plethysmogiaph of a fmger (see Fig 2) This lecord 
may start m lepose, and after obtaining the function l elating 
intensity to response, the patient may fall asleep, and we 
can repeat the function m sleep The percentage of positive 
responses as a function of intensity can then be compared m 
repose and sleep 

It is often important to plot the latency m seconds as a 
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sleep Y ^ ^ G may sllow a deepei level of 


may e eZh7Z S " S ^ f ° CCU1 Wlt]l eve ^ ****** They 
fact if on a of y , n am P Iltude > duiation and complexity, in 

Cadi’lhac (lgsTwf ^ le £ eated lhyth mically, as Chafetz and 
m comDlexifv s k 0wn » ^e les Ponse tends to vaiy 

goes ove n ampll , tude > and ease of detectj °n It comes and 
coitical ai en dS ° f f Conds to minu tes Peculiaily, not all 
deailv IS? WaX and WaDe sync ^ 10n °usly, so that the most 
foim of Hi T?T 7 ' e n P0nSe may S ^ 11 ^ Tiom aiea to aiea Tlie 
shin fr, f 6 I responses show little evidence of lelation- 

lationshm t S S1 J y ° f S ^ imulus as we test foi them This le- 
maskerl h 01rn of lesponse to intensity could well be 
lateneipc ^ 01,1 me th°d of study It is cleai that since oui 
9 n J ai ^ 10m s ^ or t es t of 50-70 msec to well ovei 
L,; n ,f we aie dealin £ with a complex system In fact, 

* the 0 is, 1 independent of age (down to 2 

S ’ as such a long and vanable latency, 5 is most 
the flont °- cen tial aieas, we have pioposed the 
a a e les P° n se is evoked m the coitex, not by the 
L w V 1 ° JeCtl ° n path to the tem P 01 al lobe, but by a side 
Tho le ^ lcidai formation of the midbiam oi thalamus 

P 1 w n Ue t 10n We canno ^ an swei is whethei oi not eveiy 
c ange we identify could be heaid by the patient if 
' V f le consciou s and attending Theie is the possibility of 
und arnvmg thiough the eai into the cential neivous 
em a e patient could not consciously detect oi heai 


nn^ C< f eP ^ m +i, ^ ese E G changes m sleep as lesponses to 
v wV° ne ’ the Dext questl0n ls what is the thieshold of this 
lesponse, and what lelations does it have to conscious 
eai mg e define as thieshold the intensity level pioducing 
50 pei cent positive lesponse 


The compel,son of E E G thieshold with stands,d and.- 
omet, ic thresholds m a gioup of childien in a deaf school 
showed a deviation of ±18 db Recently we deteimmed the 
venation between lepeat EEG audiometnc tests in sleep 
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Figr 3 These are the plots of the latencies in the upper graph and the 
percentages of positive responses in the lower graph for 4 of the phe¬ 
nomena recorded polygraphlcalb This data Is obtained from the same 
patient in repose as shown In Fig 2 except that this is for 1000 c.p s to 
right ear Isote that the latency of Alpha suppression is shorter than 
latency of muscle potentials till the le\el of 15 db is reached Above 15 
db the muscle has the shorter latency 

—Closure of micro-switch held In patients hand E M.G—electro- 
rojal v! e ??« 0nse ? ^ rom the muscle group for flexing palm and fingers of 
hanh holding ke> E D R.—Electrodermal responses as potential changes 
between palm and back of hand EEG—electroencephallc responses from 
leads covering frontal motor and occipital zones. Decibels in this paper 
are all relative to 0 db as the normal human threshold for that frequency 
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function of intensity m decibels simultaneously with the pei 
cent lesponse cuive Latency appioaches infinite duiation 
at some minimal intensity With mci easing’ intensities the 
latency shoitens until it appioaches a minimal constant value 
This cuive is so close to an hypeibola that if it is plotted as 
the lecipiocal of the latency against intensity m decibels a 
straight line lesults Neai thieshold the points tend to 


SIGNAL 

KEY 

EEG 

LF-M 


LM-O 


LOT 

EM G 



250 R 4-0 


Th-35 




EDG 
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Fig - 2 This is a atrip of polygraphic recording from a patient in repose 
showing the responses to a tone of 250 c.p s to his right ear at 40 db or 
5 db above his standard audiometric threshold The latent of closure ot 
key is 1 4 seconds The latency of suppression of Alpha is 0 7 seconds 
The muscle potentials appear at 1 3 seconds The electrodermal response 
occurs at 1 9 seconds while tile plethysmograph change occurs at almost 
4 seconds “With cessation of tone there is opening of hey In 0 5 seconds 
J* 1 ™ Alpha suppression in 1 3 seconds while the muscle potentials end in 
o 35 seconds 


deviate fiom the stiaight line function and may follow some 
diffeient law, 01 it may be that since data is difficult to 
obtain at those low intensity levels m any quantity, inaccuiacy 
makes lesults umeliable 

By examining the functions of both latency and pei cent 
lesponse, it is moie appaient when an enoi in leading has 
occuned In such a case the points at one sensation level on 
both cuives deviate widely fiom the expected 01 smooth func¬ 
tion By le-examimng the law data foi these points one can 
learn about the enois m judgment likely to be made Theie 
is often wide vanation aiound each point, but the consistency 



INTERNATIONAL CONFERENCE ON AUDIOLOGY 


567 


LA.TC. D-Ar 


IAG. iflYW 


LAALY DE^F and APHA50ID 


K.B. tYR5 



Fig- 4-B 

Fig 4 A-B This figure presents the plots of latencies in the lower 
cur'ea and of the percentages of positive responses In upper curves The 
three individual curves represent the EEG responses In sleep the sup¬ 
pression of Alpha In the EEG of repose and either the muscle potentials 
or closure of key in repose The four patients are A- G a normal O M. 
middle aged patient with otosclerosis of some eight years duration B- G 
an elderly person with deafness occurring late in life on the side being 
tested and IC B a joung child who clinically has evidenced both deafness 
and language retardation since the age of speech development. These 
functions were all studied at 500 c.p s 

The rev ersal of latencies between Alpha suppression and ke> is not 
seen in all patients in the range studied The functions of the unconscious 
responses (E.E G ) arrive at a maximal percentage and minimal latencies 
about the intensity level at which the conscious response Is making its 
most rapid changes. 

On patient IC B Is indicated a phenomenon which is not rare The per 
cent of positive EEG responses falls off at intensities higher than those 
which achieve the maximum. This suggests Inhibitory phenomena, (Hardy 
1957) 


when woikmg at minimal intensities It is most obvious that 
the subject heais, even though he decides not to lespond 

At minimal levels of intensity the suppiession of Alpha 
appeals as the fust 1 espouse m time and the muscle potentials 
come latei in time About 20 db above this level theie is a 
tiend foi reveisal The muscle potentials appeal fust and 
the Alpha suppiession follows We assume that the Alpha 
activity is suppiessed by an mciease m attention In the 
light of tins concept, then, the Alpha suppression would be 



566 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


with which the aveiages yield the same shape of cuive con¬ 
vinces us of the presence of the two functions at this low in¬ 
tensity edge of the auditory field 

The companson of these functions with diffeient kinds 
of communication pioblems, and the companson of lepose 
and sleep, bung out mfoimation about oui ongmal pioblem 
of the diffei ences between standai d and E E G audiometry 


NORMAL A.C. Ursa LATL DtAF OH. <iOTW 



F1& i-\ 


An lllustiation of these functions as displayed by tie 
vanous end points of lesponse m the waking noimal subjec 
aie lllustiated in Fig 3 

The unconsciously conti oiled components i e , E E G and 
E D G tend to show a highei peicentage of positive lesponses 
and shoitei latencies than those of the E M G and the key 
at low intensity levels These lesponses may leflect the 
piesence m the cential neivous system of the mfoimation 
upon which the closing of the key is made It is of intei es 
to see the piesence of muscle tension without closuie of key 
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mum It appeals that the conscious audiometnc threshold is 
the level at which neai maximal aleitness has been achieved 
by the tone 

J J Gioen (1957) has suggested that these cuives lepie- 
sent piobability functions, m which the coincidental piesence 
of the fnst two (E E G 1 espouse m sleep and m lepose) 
might lepiesent activities m the neivous system which cause 
the thud (lesponse of the key) It seems as though each 
function might lepiesent a nucleus on the way to the cortical 
suiface 

The lesponse of the key would lefleet cortical activity 
The Alpha suppiession m lepose would lefleet the action 
of some nucleus below the cortical level, peihaps in the thala¬ 
mus The E E G lesponses in sleep would lefleet a still 
deepei nucleus 01 centei peihaps in midbiam 

SUMMARY 

The characteristics of lesponses to tone m the E E G in 
sleep aie leviewed On, continuous, off and late effects aie 
descnbed 

The latency of the fust identifiable lesponse, and the pei 
cent positive lesponses aie studied as functions of intensity 

Thiee functions aie compaied 

1 In sleep those descnbed above (an unconscious lesponse) 

2 In lepose the Alpha suppiession (an unconscious le¬ 
sponse) 

3 In lepose the closuie of a key (a consciously determined 
decision) 

The function of pei cent positive lesponses in sleep has 
the most giadual slope, while the closuie of the key has the 
steepest slope 

The latency at minimal intensities is shortest foi the E E G 
lesponse m sleep, while it is longest foi closuie of key The 
difference is lost, or the leveise is tiue at the highei intensity 
levels 
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much moie likely at low intensity levels, wheie the signal is 
haidly distinguishable fiom the backgiound noise, and an 
meiease m attention is lequned foi detection of the sound 
When the tone is 20 db stiongei, tnen no change in attentive¬ 
ness is lequned foi detection, so the Alpha may not suppiess, 
howevei, we often now find the Alpha suppiessed aftei the 
appealance of the muscle potentials foi closing the key It 
is piobably the meiease in alertness lesultmg fiom the move¬ 
ment which pioduces this Alpha suppiession 

In Fig 4 aie shown foui pans of these same cuives of 
latency and pei cent positive lesponse i elated to intensity 
for foui pei sons (one noimal and one deaf fiom otoscleiosis, 
one deaf late m life and one child with both aphasia and 
deafness) In each giaph aie piesented simultaneously the 
three curves found for the key oi muscle lesponse, the sup¬ 
piession of Alpha m lepose and the E E G lesponse m sleep 

The lelationships between these thiee measuiements in¬ 
dicates that the consciously deteimined lesponse of muscle oi 
key has a shift from 0 to 100 pei cent positive lesponse ovei 
only a nanow intensity lange The E E G lesponse m lepose 
has a less steep slope, and uses ovei a bioadei intensity 
lange, while the E E G lesponse in sleep has a still moie 
gradual use oi slope The tiend, howevei, is foi the EEG 
functions to amve at then maximum pei cent at the same 
intensity level at which the key oi muscle lesponse suddenly 
uses to its maximum 

The function of the muscle, oi key lesponse, expiesses the 
piobability of occunence of a conscious decision This de¬ 
cision is detei mined by many factois, which aie at piesent 
being investigated by W Tannei (1956) Ovei and above 
the signal to noise latio these factois include the vanous 
values and costs of collect and enoneous judgments within 
the situation The decision also depends upon the clanty in 
the patient’s memoiy of the tone for which he is listening, ns 
well as his ability to listen 

Since the EEG functions aie a con elate of aleitness and 
aiousal, it is significant that these leach then maximum at 
the time when the key lesponse makes its lapid use to maxi- 
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BEHAVIOR OF THE NEUROGLIA OF THE ACOUSTIC 
NUCLEI, SUB-CORTICAL CENTERS AND AUDITORY 
CORTEX, OF CATS INTOXICATED WITH 
DIHYDRO-STREPTOMYCIN 

Geraldo de Sa, 

Umveisity of Recife, Biazil 

Neurotoxic phenomena caused by the use of antibiotics, aie 
well known, howevei, the specific toxicity of streptomycin 
foi the vestibulai system, and of dihydio-stieptomyem foi the 
coclileai system, is inteiestmg Liteiatuie on the subject is 
wide, and we should like to lemembei the papeis of Fowlei 
and Seligman 1 , Can, Blown, Hodgson, and Heilman 3 , Shane 
and Laune 3 , Glong*, Heck, Lynch and Giaves 5 , Causse 0 , 
etc 

Considenng the neuiotoxic phenomena doubtless induced 
hematically, we tiled to venfy the behavioi of the nounskmg 
element of the nerve tissues, the neuioglia, m the seveial 
nuclei of the cochleai pathway, the sub-cortical centeis and 
m the auditory cortex No lefeience was found to this im¬ 
portant complement of the nervous tissue m moie than 40 
bibliogiaplnc souices Taking advantage of the known spe¬ 
cific toxicity of dihydi o-sti eptomycm foi the coclileai system, 
we endeavoied to bring some light to the confused cochleai 
pathway and cortical piojection on an expeiimental animal 
Unable to use the monkey, we chose the cat, whose nervous 
system has been thoroughly investigated 

ANATOMIC AND PHYSIOLOGIC DATA 

Stimuli leceived by the oigan of Coiti pass the doisal and 
vential cochleai nuclei, fiom theie they go thiough the 

571 
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The E E G lesponse m sleep and the Alpha suppiession 
m lepose are intei pi eted as signs of aleitmg mechanisms of 
the reticulai foimation These functions leach then maxi¬ 
mum at the same intensity level at which the pel cent le- 
sponse foi the closuie of the key leaches its maximum This 
suggests that maximal aleitness is one element in detei- 
minmg the standaid audiometnc threshold 
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Fig 1 


letti, 1915 19 , Loieti, 1938=°, Bairati, 1950 21 , and Contu, 
1953", by the Anglo-Amencan School, Penfield, 1924 23 , and 
Robertson, 1900, 21 and by the Geiman School, Nissl, 1904, 
and Bauei, 1924 25 
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supenoi olive, tiapezoid body nucleus and the opposite lat- 
eial lemniscus nucleus to the mfeiioi colliculus (postenoi 
quadngemmal tubeicle) and to the medial geniculate body, 
which also leceives stimuli fiom the mfenoi colliculus and 
fiom fibeis of the opposite neive, thiough the so-called Gud- 
den commissuie (Castaldi, 192(F) It is evident, that the 
mfenoi colliculus has a double action a Intel posed centei 
m the superioi pathway, b Reflex centei Cochleai leflex 
movements of the eyes and neck aie so detei mined It is, 
theiefoie, established that the tiue acoustic sub-coitical centei 
is on the medial geniculate body, wheie the acoustic ladiation 
that goes to the cortex ongmates (Becan, 1943 8 ) 

The centei of the acoustic piojeetion is little known m ev 
penmental animals In the human, it is localized above the 
the supenoi tempoial gyius, (Pfeifei, 1920°), and constituted 
by sepai ated stnae oiganized in diffeient physiologic zones, 
placed accoidmg to Campbell 10 and Penfield 11 on the aieas 
22, 41, 42 of Biodman’s chait 

Walker 12 described the acoustic piojeetion on the monkey 
Very little is known about the othei veitebiates, including 
the cat, besides Cajal’s (1911) demonstiation ot elements 
that weie similai to the acoustic cells of man 13 Functional 
localizations weie well obseived on the caimvoia, but the un¬ 
certainty about the acoustic aiea lemamed, due to the pooily 
defined lelations of the tempoial sulci The disagieement 
among wnteis leached its peak legaldmg the identification 
of the so-called ecto-sylvian sulcus 

Fig 1 shows the lateial views of the biam of the cat, ac- 
coidmg to Dussei de Baienne 14 and of the eeicoleptes caudi- 
volvulus, accoidmg to Biodman 13 The moiphologic diffei- 
ence of the topographical anangements of the sulci of the 
tempoial lobe, mainly the ecto-sylvian sulcus, is cleai I* 1 
the cat, the sulcus is called pseudo-sylvian and located in fion , 
of the antenoi ecto-sylvian sulcus and behind the postenoi 
ecto-sylvian sulcus 

The well-known neuioglia was mainly studied by the Span¬ 
ish School, Cajal, 1911, 1920 13 , Rio Hoitega, 1921, 1942 1G , 
De Castio, 1942 1 ', by the Italian School, Golgi, 1903 ls , Cei- 
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animals had then weight and cochleai reflexes controlled 
every two days The animals weie sacuficed by pei fusion 
of the Del Rio-Hortega liquid Distilled watei, 240 cc , Foi- 
malin, 60 cc, Ammonium biomide, 9 gi , pH = 5 

The fixation was contioiled daily, and the solution changed 
every time it became neutial Aftei 15 days of fixation the 
specimens weie fiozen-sectioned and submitted to lmpiegna- 
tion foi 30 days 
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The Del Rio-Hoitega method as used in the Anatomy Lab¬ 
oratory of the Umveisity of Recife includes the following 
rules 

1 Aftei life fixation by pei fusion, excision of the nervous 
system with dissection of the pons, medial geniculate body 
biachium of the infer 101 colliculus, inferioi colliculus, and 
coitex, conespondmg to the gyii m fiont, and behind to the 
pseudo-sylvian sulcus Specimens obtained weie submitted to 
fixation foi 15 days m the Rio-Hortega liquid 

2 Frozen sections, 15 to 25 mici a thick 
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Banati and Contu established the ghal aichitectuie of the 
neivous centeis, the foimei m the amphibia and avis, and 
the lattei m the leptiha and mammalia These authois pio- 
posed the following classification 

Type 1 Aichitectuie of the white substance gliocytes ai- 
langed aiound the myelin sheath, bound among themselves 
and with the vasculai net, by othei glial elements, foimmg 
a connective appaiatus 

Type 2 Aichitectuie of the biam stem nuclei gliocytes 
foimmg peimeuional sheaths ananged as a connective ap¬ 
paiatus with the blood vessels 

Type S Aichitectuie of the supia axial centeis gliocytes 
aiticulated with the glial piocesses and with the vessels 

Studying the medulla oblongata of the cat, Contu found 
glial aichitectuie of the second type, foimed by fibious ele¬ 
ments with numeious satellite oligodendiogliocytes In the 
infei 101 colliculus the same aspect was seen mnumeiable 
oligodendiogliocytes with legulai cuboid body, thin, smooth, 
haulike piocesses, scaicely lamified In the young animals, 
howevei, the aichitectuie is constituted by piotoplasmatic 
elements, also scaicely lamified, epithelioid elements and 
small oligodendiogliocytes The foimei aspect, accoiding to 
the authoi, would be the lesult of age 

Some authois lepoited glial intoxication Among them, 
Sancez Ibanez and Peiez 20 in 1935 pel foimed guamdimc in¬ 
toxication and obseived gliosis and gianulai degeneiation of 
the piocesses’ cytoplasma 

Stigliani-" m 1940, demonstiated in the toxi-infections a 
gieat amount of neuioglia, and wutes about ghal hypeiplasia 
without any statistical pi oof, as lepoited befoie by Lucaio 
in 1907, even though affuming that mitosis and amitosis 
weie exceptional on the neuioglia 

MATERIAL AND METHODS 

Five cats, two male and thiee female, between eight and 
18 months old, weie used Meat and milk weie then diet 
One of the cats was used as a contiol (see chait) The 
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Fisr 2 

A—Section of cochlear \entral nucleus of control cat—500X. 

B—Section of cochlear xentral nucleus of Intoxicated cat—500X. 

(Del Rlo-Hortega Method) 



Plff 3 

S—Section of trapezoid bod\ of control cat—500X. 

B—Section of trapezoid bodj of Intoxicated cat—BOO'S- 

(Del Rlo-Hortega Method) 
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S Re-fixation m the Rio-Hortega foi 15 days 

4 Washings foi one horn in thiee distilled watei s 

. submifcted to Hortega’s silvei, to which was 
added two to foui drops of pindm, foi one houi at ambiental 
tempeiatuie, and foi 10 to 20 minutes at 50° C 


6 Washing foi 30 minutes m distilled watei 

7 ^ e duction m foimaldehyde solution by 5 pei cent 

8 Washing foi one hour m distilled watei 

9 Tinning over of the specimens m a solution of 2 pei cent 
of gold chlonde 


10 Fast washing m distilled watei 

11 Reduction foi five minutes m a 5 pei cent solution of 
sodium hyposulfite 

12 Washing foi one houi and alcoholic dehydiation fol¬ 
lowed by mounting of the specimens m Canada balsam 

Some of the specimens have also been submitted to the 
Mallory and lion Hematoxilm methods 


EXPERIMENTAL FINDINGS 

Sections of the pons, (cochleai nuclei, supenoi olive, and 
tiapezoid body nucleus), mesencephalon, (mfenoi colliculus), 
metathalamus, (medial geniculate body) and coitex, (gyms 
between the pseudo-sylvian sulcus and the postenoi ecto- 
sylvian sulcus), weie studied 

Pons 

Conti ol Cat—Glial aichitectuie of the second type was 
found on the cochleai nuclei, supenoi olive and tiapezoid 
body Penneuional sheath foimed by fibious astiocytes and 
satellite oligodendioghocytes nicely developing connective 
appaiatus and connections with the blood vessels (see Figs 
2, 3) 

Intoxicated Cats—Only the nuclei of the ghocytes appeal, 
many with abundant atypical mitosis The glial piocesses aie 
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not demonstiable, and only a few oligodendioghocytes pie- 
sent thin piocesses, almost unimpi egnated, mitosis moie 
fiequent on the gliocytes of the connective appaiatus 

Mesencephalon 

Conti ol Cat—Typical second type architectuie on the m- 
fenoi colliculus Big fibious astiocytes with many lamifica- 



Fls 5 

\—Section of geniculate bod} of control cat—145X. 

B—Section of geniculate bod\ of control eat—500X. 

(Del Rio-Hortega Method) 


tions Many oligodendi oghocytes with thin and smooth pio¬ 
cesses with little piotoplasmatic elements (see Fig 4) 

Intoxicated Cats—A very diffeient aspect, atypical nntosis 
and only in veiy few elements the piocesses appeared slightly 
impiegnated, most of the piocesses aie non-identifiable 

Metathalamus 

Conti ol Cat—Glial aichitectuie of the geniculate body of 
second type, chaiactenzed by the piesence of few fibious 
astiocytes, many piotoplasmatic piocesses and oligodendio- 
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Pis: i 

\—Section of interior colliculus of fntovlcited cat—SOX. 

B—Section of Inferior colliculus of Intoxicated cat—500V 
C—Section of Inferior colliculus of control cat—14oV 

(Del Rio-Hortega Method; 



A.—Section of the gjrua behind the pseudo-sj 1\ ian sulcus of control 
cat—145X. 

B and C—Section of the gyrus behind the pseudo-sylvian sulcus of in¬ 
toxicated cat 50OX. (Del Rio-Hortega Method) 







ripr g 

V—Section of centrul area of geniculate bod\ of intoxicated cat—-500 
B and C—Section of innrtrlnul urea of nicuhit^e^bod^^of^^»to3^ ^ 
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be detected only on the moleculai stiatum, even though not 
so evident as m the conti ol cat 

Spinal Coid, Biain Stem and Aieas of the Coitex 

Conti ol Cat—Normal glial aiehitectuies 

Intoxicated Cats—The spinal coid shows normal glial 
aichitectuie, less evident glial aichitectuie was found m 
the boundanes of the pons, m the biam stem as well as m 
othei aieas of the pons themselves, as much in the white 
substance as m the giay, sections of the fiontal, panetal and 
occipital cortex showed no alteiation of the glial stiuctuies 

CONSIDERATIONS AND CONCLUSIONS 

Objections could be made to this expeilment on the basis 
of the known lability of the glial stiuctuies undei silvei 
impregnation Ceiletti 10 in 1915 denied the existence of the 
glial piocesses That opinion was, howevei, due to the dif¬ 
ficulty of impiegnation of glial stiuctuies permitting the 
appearance of technical artifacts Diffeient aspects of neu- 
loglia observed undei similai conditions have been leported 
by Caidona, 99 and StiglianW assumed that the geneial condi¬ 
tions of the matenal would mle the glial demonsti ability 
Based on this assumption he explained the phenomenon of 
glial phaneiosis, which would not be hypeiplasia, but only 
bettei identification due to self and sunoundmg conditions 
Doubtless this phenomenon is moie evident m the cortex, 
and we found it m the gyms behind the postenoi ecto-sylvian 
sulcus giving the impiession of gliosis On the othei hand 
we found that m the gyius behind the pseudo-sylvian sulcus 
the glial stiuctuie disappeaied, leaving only the cellulai bodies, 
many of which piesented mitosis It seems evident that aieas 
so closely placed and so deeply diffeientiated must be undei 
different metabolic conditions This must also be the leason 
foi the vanous observations of the neuroglia 

We cannot say which is the ti ue toxic action of the sti epto- 
mycm ovei the neuiogha m the observed aieas whethei the 
alteiations aie definitive 01 tiansitory, 01 whethei this 
toxicity acts on the neuiogha alone, but we can affirm 
the fact that this toxic action leaches the feeding elements 
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cytes with small piocesses, seveial glioeytes without any 
piocesses Tiansitional elements weie found heie between 
piotoplasmatic and fibious piocesses (see Figs 5, 6) 

Intoxicated Cats—Many atypical mitosis of the glioeytes, 
veiy few impiegnated piocesses could be found 



pis s 


A—Section of moleculur stratum of tile gj rus 
sulcus of control cat—145X 

B—Section of molecular stratum of the g\ rus 
sulcus of Intoxicated cat—SOX. 


behind the pseudo-Bjl' In' 1 


hind the pseudo-*!'I"# 


Auditoi'y Coitex 

Contiol Cat—Glial aichitectuie of the thud type Fibious 
and piotoplasmatic astiocytes, many ohgodendiogliocytes 
with cuboid body and smooth and hanlike piocesses (see 
Figs 7, 8) 

Intoxicated Cats—Ghal aichitectuie too evident in the gy lUS 
behind the postenoi ecto-sylvian sulcus seeming a gliosis, 
while m the gyrus behind the pseudo-sylvian sulcus the glia¬ 
cytes show no piocesses and some mitosis Processes could 
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called phaneiosys and gliai-ieaction expiessed by intense 
mitotic activity, which is seen mainly m the geniculate body 
Ghai phaneiosys and mitosis aie also visible m the gnus 
behind the pseudo-sylvian sulcus, peimittmg the authoi to 
assume the hypothesis of this being the cortical centei of the 
acoustic ladation 
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of the neive cells, inducing glial mitosis with lack of lmpieg- 
nation of the glial piocesses 

Oui obseivations need fuithei histological and cytochenucal 
basis It is oui intention to lepeat the expenment and study 
the matenal with a polanzei micioscope to obseive eventual 
modifications of the lefungency of the piocesses This, we 
undei stand, would give a bettei answei as to the destiny of 
the piocesses We also think it necessaiy to veiify the num- 
bei of glial nuclei statistically, and so piove the existence 
of hypeiplasia, also, we wondei whethei the piocesses would 
lemam impiegnated if submitted to moie intensive fixation 

With the data obtained m oui experiment we can, howevei, 
conclude that the dihydio-stieptomycm exerts toxic action 
on the centeis of the cochleai pathway, as shoivn by atypical 
glial mitosis and disappeaiance of glial stiuctuies, well demon- 
stiated in specimens taken fiom a contiol animal, heated 
with the same technical appioach, furtheimoie, the piesence 
of mitosis and the absence of glial piocesses m one aiea of the 
gyius behind the pseudo-sylvian sulcus, peimits us to assume 
that this is the site of cential acoustic ladiation in the cat 


SUMMARY 


Employing the silvei impiegnation method of Del R'° 
Hoitega, the Malloiy and the lion-hematoxylin methods, the 
authoi studies the neuroglia of the nuclei of the cochleai 
pathway (vential and doisal cochleai nuclei, supenoi olive, 
tiapezoid body nucleum and lateial lemniscus nucleum), the 
sub-coitical acoustic centeis (tubeiculum quadiigemmus m- 
fenoi and medial geniculate body) and the ceiebial cortex 
concerning the gyn m fiont of and behind the pseudo-sylvian 
sulcus, piesumed aiea of lepiesentation of the acoustic iadia- 
tion, m foui cats, intoxicated with daily doses of 0 10 to 0 - 
giams of dihydio-stieptomycm, applied paienteially foi 
to 22 days One cat was used as conti ol 


The gliai aichitectuie was found disoigamzed m the nuclei 
of the cochleai pathway and m the sub-cortical centeis The 
neuiogha cells appeal with piotoplasmatic piocesses not easi y 
identifiable In some cases it is visible, the phenomenon so- 
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tion of the internal spual with the mtiaganghonic spnal 
fibeis, whose leal ongins aie m the supenoi olivai peduncle, 
foimmg the so-called Rasmussen bundle 31 These fibeis aie 
dnected to the internal acoustic cells which, theiefoie, leceive 
double nerve supply, affeient and effeient 

Rasmussen’s descuption was confnmed by Fernandez 5 , 
Portmann 0 , Contu and Pnodda", and Fiene deBanos 3 , while 
Bocca 910 , Palumbi 11 and Del Bo and Livan 1 - 13 , expiessed the 
opinion that the spnal fibeis weie fiom sympathetic or ves- 
tibulai ongm, lemindmg us of the so-called cochleo-vestibulai 
anastomosis, described by Boettchei , 11 Boveio , 15 Oorth , 10 
Weston and Mesolella 1_ Considenng the external fibeis, 
Held 18 and Kolmei 19 agiee on then couise and teimmation m 
the external acoustic cells 

Very little emphasis has been placed upon the ganglion of 
Corti and with the exception of Fort , 20 the majonty of wnteis 
place the ganglionic cells m the Rosenthal canal Wnteis 
limit themselves to the descuption of the cochleai nerve as 
a bundle of axons pertaining to the ganglion of Coiti'^ bi-polai 
cells As a mle, neuioglia was found on its fust segment, 
6 to 8 mm fiom its appaient oiigm 21 

Many yeais ago, Hyitl, Stanmus, Kollikei and Pienet 22 
found cells on the surface and intei 101 of the acoustic nerve, 
and Eilisky 23 and Fort , 20 and lecently Chiaiugi , 21 descubed 
cellulai elements m the vestibulai blanch of the VIHth nerve, 
ananged in groups as m the pimcipal ganglia 

We used the cat as expenmental animal, mtiavitally fixed 
with Rio Hortega’s oi De Castro’s formulas The whole tem- 
poial bone was lemoved with the acoustic neive up to the 
rhombencephalon Specimens weie submitted to electiolytical 
decalcification and silvei impiegnated, by the Cajal De Castio, 
Bodian and Rio Hortega metohds Fiozen sections weie 
made fiom those undei Cajal De Castio and Bodian impregna¬ 
tion, and colloidan-paiaffm-fast inclusion permitted us to ob¬ 
tain a complete senation fiom the cochleai to the lhomben- 
cephalon 


We leached the following conclusions 
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OBSERVATIONS AND CONSIDERATIONS ABOUT THE 
COCHLEAR INNERVATION OP THE CAT 


Paolo Contu, 
Univei sity of Recife, Bi azil 


Incomplete anatomical bases have been the cause of many 
hearing theones, theiefoie, pioblems concerning cochleai 
mneivation aie doubtless impoitant 


In oui laboiatory of Mieioscopic Anatomy we aie considei- 
mg the cochleai neive problem, establishing systematic ie- 
seaich undei the most modem methods and techniques, an 
considenng not only the oigan of Coiti but also the whole 
acoustic system 


Caieful levision of available hteiatuie demonsti ates di - 
feient distubution of penpheric cochleai neive fibeis among 
man and othei mammals 


Loiente de No’s 1 - classical division of neive fibeis m 
ladial, external spual, internal spnal and mtiaganglionic 
spual fibeis, was lately substantially modified by identifies- 
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tion of the internal spnal with the mtiaganglionic spnal 
fibeis, whose leal ongins aie in the supenoi olivai peduncle, 
foiming the so-called Rasmussen bundle 34 These fibeis aie 
dneeted to the internal acoustic cells which, theiefoie, leceive 
double nerve supply, affeient and effeient 

Rasmussen’s descuption was confnmed by Fernandez 5 , 
Portmann 8 , Contu and Pnodda", and Fiene deBanos s , while 
Bocca 910 , Palumbi 11 and Del Bo and Livan 1213 , expiessed the 
opinion that the spnal fibeis weie fiom sympathetic 01 ves- 
tibulai ongm, lemindmg us of the so-called cochleo-vestibulai 
anastomosis, descubed by Boettchei , 14 Boveio , 15 Oorth , 18 
Weston and Mesolella 1_ Consideung the external fibers, 
Held 13 and Kolmei 19 agiee on then couise and termination in 
the external acoustic cells 

Very little emphasis lias been placed upon the ganglion of 
Corti and with the exception of Fort , 29 the majonty of wnteis 
place the ganglionic cells in the Rosenthal canal Wnteis 
limit themselves to the descuption of the cochleai neive as 
a bundle of axons pertaining to the ganglion of Coiti’d bi-polai 
cells As a mle, neuioglia was found on its fust segment, 
6 to 8 mm fiom its appaient ongm 31 

Many yeais ago, Hyrtl, Stannius, Kollikei and Pienet 22 
found cells on the suiface and intei 101 of the acoustic nerve, 
and Eilisky 23 and Fort , 20 and lecently Chiaiugi , 24 descubed 
cellulai elements m the vestibulai branch of the VHIth nerve, 
ananged in groups as in the pimcipal ganglia 

We used the cat as experimental animal, mtiavitally fixed 
with Rio Hortega’s oi De Castio’s foimulas The whole tem¬ 
poral bone was lemoved with the acoustic neive up to the 
rhombencephalon Specimens wei e submitted to electi olytical 
decalcification and silvei impregnated, by the Cajal De Castio, 
Bodian and Rio Hortega metohds Fiozen sections were 
made from those undei Cajal De Castio and Bodian impregna¬ 
tion, and colloidan-paraffm-fast inclusion permitted us to ob¬ 
tain a complete senation from the cochleai to the lhomben- 
cephalon 

We reached the following conclusions 
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sua Analogia con le Cellule di Schwann Riv Pat Reiv Ment, 52 135, 
1938 

21 Baib\ti, A Morfologia e Struttura del Gliociti Biologica Latina, 
2 600, 1950 

22 Comtt, P Rlceiche sulla Glioai chitettonica del Vertebrati Mam 
miferi Arch Ital Anat e Enibr, 59 2, 1953 

23 Penfield, W Oligodendroglia and its Relation to Classical Neu 
roglia Brain, 47 430, 1924 

24 Robertson A Microscopical Demonstration of the Normal and 
Pathological Histology of Mesoglia Cell Jour Ment Sci, Oct, 1900 

25 Bauer, K F Das Neurofibrillenbield dei Menchlichen Goshlnrind 
Zeit fur Anatomie, 112, 1942 

26 Sancez Ibanez, and Perez, R Les Alterations Hystopatologlaues 
dans TEncefalite, Etc Trah Invest, 30, 1935 

27 Stigliani, R Esiste Divisione Cellulare della Neuroglia 7 Iperplasia 
vera o Apparente nelle Gliosi Rass Biot, Umana, 1, 1940 

28 Lugvro, E Sulle Funzioni della Nevroglla Riv Pat Nerv eilent, 
12 208, 1907 

29 Cardon \ Refei red to by Bairati a 

OBSERVATIONS AND CONSIDERATIONS ABOUT THE 
COCHLEAR INNERVATION OF THE CAT 

Paolo Contu, 

Umveisity of Recife, Biazil 

Incomplete anatomical bases have been the cause of many 
heaung theones, theiefoie, pioblems concerning cochleai 
mneivation aie doubtless important 

In oui laboiatoiy of Micioscopic Anatomy we aie consider¬ 
ing the cochleai neive pioblem, establishing systematic ie 
seal ch undei the most modern methods and techniques, an 
considering not only the oigan of Coiti but also the wioe 
acoustic system 

Caieful revision of available liteiatuie demonstiates dif 
feient distubution of penphenc cochleai neive fibeis among 
man and othei mammals 

Loiente de No’s 12 classical division of neive fibeis m 
ladial, external spual, internal spual and mtiaganghoni 
spnal fibeis, was lately substantially modified by identi ica 
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tion of the internal spual with the mtiagangliomc spnal 
fibeis, whose leal ongins aie in the supenoi olivai peduncle, 
foimmg the so-called Rasmussen bundle 31 These fibeis aie 
dneeted to the internal acoustic cells which, theiefoie, leceive 
double nerve supply, affeient and effeient 

Rasmussen’s descuption was conflimed by Fernandez 5 , 
Portmann 0 , Contu and Pnodda", and Fiene deBanos 3 , while 
Bocca 910 , Palumbi 11 and Del Bo and Livan 1213 , expiessed the 
opinion that the spnal fibeis weie fiom sympathetic 01 ves- 
tibulai ongm, lemmding us of the so-called cochleo-vestibulai 
anastomosis, descubed by Boettchei , 11 Boveio , 15 Oorth , 10 
Weston and Mesolella 1_ Consideimg the external fibeis, 
Held 18 and Kolmei 19 agiee on then couise and termination m 
the external acoustic cells 

Very little emphasis has been placed upon the ganglion of 
Corti and with the exception of Fort , 20 the majonty of wiiteis 
place the ganglionic cells in the Rosenthal canal Wnteis 
limit themselves to the description of the cochleai nerve as 
a bundle of axons pei taming to the ganglion of Coiti’d bi-polai 
cells As a mle, neuioglia was found on its fust segment, 
6 to 8 mm from its appaient ongm 21 

Many yeais ago, Hyrtl, Stanmus, Kollikei and Pienet 22 
found cells on the suiface and intei 101 of the acoustic neive, 
and Eihsky 23 and Fort , 20 and recently Chiarugi , 21 described 
cellulai elements m the vestibulai blanch of the VUIth nerve, 
ananged in gioups as in the principal ganglia 

We used the cat as experimental ammal, mtravitally fixed 
with Rio Hortega’s oi De Castro’s formulas The whole tem¬ 
poral bone was lemoved with the acoustic neive up to the 
rhombencephalon Specimens weie submitted to electiolytical 
decalcification and silver impregnated, by the Cajal De Castio, 
Bodian and Rio Hortega metohds Fiozen sections weie 
made from those undei Cajal De Castio and Bodian impregna¬ 
tion, and colloidan-paiaffm-fast inclusion permitted us to ob¬ 
tain a complete senation from the cochleai to the lhomben- 
cephalon 

We reached the following conclusions 
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OBSERVATIONS AND CONSIDERATIONS ABOUT THE 
COCHLEAR INNERVATION OF THE CAT 

Paolo Contu, 

Univei sity of Recife, Bi azil 

Incomplete anatomical bases have been the cause of man} 
heaung theones, theiefoie, problems concerning cochleai 
mneivation are doubtless important 

In oui laboratory of Micioscopic Anatomy we aie consider¬ 
ing the cochleai neive pioblem, establishing systematic i e 
seaich undei the most modem methods and techniques, an 
consideimg not only the oigan of Coiti but also the whoe 
acoustic system 

Caieful levision of available liteiatuie demonstiates dif 
feient distnbution of penphenc cochleai nerve fibeis among 
man and othei mammals 

Loiente de No’s 12 classical division of neive fibers m 
ladial, external spnal, internal spual and mtiagangm 
spiial fibeis, was lately substantially modified by identi ma 
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tion of the internal spnal with the mtiaganglionic spnal 
fibers, whose leal ongins aie in the supenoi olivai peduncle, 
foimmg the so-called Rasmussen bundle 31 These fibeis aie 
dnected to the internal acoustic cells which, theiefore, leceive 
double neive supply, affeient and effeient 

Rasmussen’s descnption was confirmed by Fernandez 5 , 
Portmann 0 , Contu and Pnodda", and Freire deBanos s , while 
Bocca 910 , Palumbr 11 and Del Bo and Lrvan 1 -' 13 , expressed the 
opinion that the spnal fibeis weie fiom sympathetic 01 ves- 
tibulai ongm, reminding us of the so-called cochleo-vestibulai 
anastomosis, described by Boettchei , 11 Boveio , 15 Oorth , 16 
Weston and Mesolella 1_ Considering the external fibeis, 
Held 13 and Kolmei 19 agree on then couise and termination in 
the external acoustic cells 

Veiy little emphasis has been placed upon the ganglion of 
Corti and with the exception of Fort ,- 0 the majonty of wnteis 
place the ganglionic cells m the Rosenthal canal Wnteis 
limit themselves to the description of the cochleai nerve as 
a bundle of axons pei taming to the ganglion of Coiti’g bi-polai 
cells As a mle, neuioglia was found on its fust segment, 
6 to 8 mm fiom its apparent ongm 21 

Many years ago, Hyrtl, Stanmus, Kollikei and Pienet 22 
found cells on the suiface and intei 101 of the acoustic nerve, 
and Eihsky 23 and Fort , 20 and recently Chiaiugi , 21 descnbed 
cellulai elements m the vestibulai blanch of the VIHth neiwe, 
ananged m gioups as in the pnncipal ganglia 

We used the cat as experimental animal, mtiavitally fixed 
■with Rio Hortega’s oi De Castio’s foimulas The whole tem¬ 
poral bone was removed with the acoustic neive up to the 
rhombencephalon Specimens weie submitted to electiolytical 
decalcification and silver impregnated, by the Cajal De Castio, 
Bodian and Rio Hortega metohds Fiozen sections weie 
made fiom those undei Cajal De Castio and Bodian impregna¬ 
tion, and colloidan-paiaffm-fast inclusion permitted us to ob¬ 
tain a complete senation from the cochleai to the rhomben¬ 
cephalon 

We leached the following conclusions 
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OBSERVATIONS AND CONSIDERATIONS ABOUT THE 
COCHLEAR INNERVATION OF THE CAT 

Paolo Contu, 

Univeisity of Recife, Biazil 

Incomplete anatomical bases have been the cause of many 
heaung theones, theiefoie, pioblems concerning cochleai 
inneivation aie doubtless important 

In oui laboiatory of Micioscopic Anatomy we aie considet 
mg the cochleai neive pioblem, establishing systematic ie 
seaich undei the most modem methods and techniques, an 
consideung not only the oigan of Corti but also the w 0 e 
acoustic system 

Caieful levision of available hteiatuie demonstiates dif 
feient distubution of penphenc cochleai nerve fibeis among 
man and othei mammals 

Loiente de No's 12 classical division of neive fibeis m 
ladial, external spiial, internal spnal and mtiaganguo 
spual fibeis, was lately substantially modified by identi ica 
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tion of the internal spnal with the mtraganglionic spnal 
fibers, whose leal ongms aie in the supenoi olivai peduncle, 
forming the so-called Rasmussen bundle 3 4 These fibers are 
dnected to the internal acoustic cells which, theiefoie, leeeive 
double neive supply, affeient and effeient 

Rasmussen’s description was confnmed by Fernandez 5 , 
Portmann 0 , Contu and Pnodda", and Frene deBaii’Os 8 , while 
Bocca 910 , Palumbi 11 and Del Bo and Livan 1213 , expiessed the 
opinion that the spnal fibeis weie fiom sympathetic or ves- 
tibulai ongm, reminding us of the so-called cochleo-vestibular 
anastomosis, described by Boettcher , 14 Bovero , 15 Oorth , 10 
Weston and Mesolella l ~ Considering the external fibers, 
Held 18 and Kolmer 19 agree on their course and termination m 
the external acoustic cells 

Veiy little emphasis has been placed upon the ganglion of 
Corti and with the exception of Fort , 90 the majority of wnteis 
place the ganglionic cells m the Rosenthal canal Wnteis 
limit themselves to the description of the cochlear nerve as 
a bundle of axons pertaining to the ganglion of Corti’g bi-polar 
cells As a rule, neuioglia was found on its first segment, 
6 to 8 mm fiom its apparent ongm 21 

Many years ago, Hyrtl, Stannius, Kollikei and Pierret 22 
found cells on the surface and intei 101 of the acoustic nerve, 
and Erhsky 93 and Fort , 20 and recently Chiarugi , 24 described 
cellular elements in the vestibulai blanch of the VUIth nerve, 
arranged in gioups as in the principal ganglia 

We used the cat as experimental animal, mtravitally fixed 
with Rio Hortega’s oi De Castro’s formulas The whole tem¬ 
poral bone was lemoved with the acoustic nerve up to the 
rhombencephalon Specimens were submitted to electiolytical 
decalcification and silver impregnated, by the Cajal De Castro, 
Bodian and Rio Hortega metohds Fiozen sections were 
made from those undei Cajal De Castio and Bodian impregna¬ 
tion, and colloidan-paiaffm-fast inclusion permitted us to ob¬ 
tain a complete senation from the cochlear to the rhomben¬ 
cephalon 

We reached the following conclusions 
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OBSERVATIONS AND CONSIDERATIONS ABOUT THE 
COCHLEAR INNERVATION OF THE CAT 

Paolo Contu, 

Umveisity of Recife, Biazil 

Incomplete anatomical bases have been the cause of many 
healing theones, theiefoie, pioblems concerning cochleai 
innervation aie doubtless important 

In oui laboratory of Micioscopie Anatomy we aie considei- 
mg the cochleai neive pioblem, establishing systematic ie- 
seaich undei the most modem methods and techniques, and 
considering not only the oigan of Coiti but also the whole 
acoustic system 

Caieful levision of available hteiatuie demonstiates dif- 
feient distubution of pen phene cochleai neive fibeis among 
man and othei mammals 

Loiente de No’s 1 - classical division of neive libel’s m 
ladial, external spiial, internal spiial and mtraganghomc 
spual fibeis, was lately substantially modified by identifies- 
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8 The Rasmussen bundle is veiy evident on the base of the 
lamina espnalis, its fibeis composing the internal spnal fibeis, 
a continuation of the mtiagangl ionic ones As pieviously 
demonstiated by Fernandez, they do not exclusively mneivate 
the internal acoustic cells, but many turn backwaids to the 
sustaining cells and fiom theie aie dnected to the base of 
the limbus espnalis Poitmann =s alieady descubed neivous 
fibeis of sensitive aspect m the limbus laminae espiralis 



Fie 2 

( \)—Medial libera. 

(B) and (C)—Basilar fibers passing through the gallerj of Cortl 

(Cajal-De Castro Method—Enl 500X) 

U Some of the spnal fibeis of the galleiy weie found 
going to the apex, and some to the lound window, as demon¬ 
strated by Fernandez In oui specimens, compact gioups 
of fibeis coming out of the foiamma weie seen, penetiatmg 
ladially the gallery of Corti, in whose centei they weie dis- 
tubuted biushlike Some of those fibeis aie dnected to the 
external acoustic cells, whose neivous foimations could not be 
followed Some blanches weie found leaching the sustaining 
cells and the sulcus laminae espnalis Held 18 attubutes the 
mneivation of the internal acoustic cells to these 

5 With the Rio Hortega, in some celloidm sections we 
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1 Oui findings confirm the majonty of those pieviously 
leached, mainly those of Kolmei, on the neive supply of the 
external acoustic cells The diffeient fibeis form the external 
spnal bundles of the 1st, 2nd, 3id and 4th oideis, piogies- 
sively decieasing aie the continuation of the ladial fibeis 
ansing fiom the lamina espnalis, aunning ladially to the 
galleiy of Coiti, and considering their particulai topogiaph- 
lcal anangement, would be bettei called “spno-iadial fibeis” 



Fig- 1 

Section of the organ of Cortl nlth the external spiral bundles cnnx i 

(Cajal-De Castro Method—Enl 50ux) 


2 The fibeis that come fiom the habenula go to the ex¬ 
ternal acoustic cells thiough the galleiy of Coifi by the floo i 
oi the top, justifying the pievious denomination of basilai 
and medial The basilai fibeis leach the acoustic external 
cells, aftei passing thiough the Deiteis cells, as well as the 
medial fibeis This is cleaily confnmed by Fernandezs 
topogiaplucal distubution of the medial and basilai fibeis 
Both aie found along the whole length of the galleiy, but the 
medial fibeis aie found m gieatei numbei m the basal turn, 
and aie giadually leplaced by the basilai fibeis that aie 
flankly piedommant m the apex 
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found pyufoim nerve cells of the pseudo-um-polai type, on 
the vestibulai wall, with one axon dixected lateially to the 
base of attachment of the Reisnei ligament and of the tec¬ 
torial membiane, the othei, to the sulcus and base of the 
limbus espnalis One isolated element of bi-polai type was 
also found 



) 



Fig 5 

(A) —Vestibular wall of the Limbus Espirali3 with pseudo-unl-polar 

cells (Del Rio Hortega Method—Enl 150X) 

(B) —Idem 

(C) —Vestibular wall of the Limbus Espiralis with bl-polar cells. 

(Del Rio Hortega Method—Enl 500X) 

6 Partially confinning and completing Fort’s pievious 
description, we assumed m 1956 2,j that the cells of the gan¬ 
glion of Corti are not stiictly localized m the Rosenthal’s spual 
canal There is a giadual diminishing of the cellulai elements 
starting fiom the spiral canal to the axis of the modiolus 
The ganglionic cells do not remain m the Rosenthal canal, 
wheie they are grouped mainly m the medial and internal 
portion, but as a mattei of fact, are seen along the descending 
canals of the modiolus, essentially m the pioximal portion of 
each canal, and they should not be consideied only similai to 
the cells at the ganglion of Coiti but also as migiated cells, 
and therfoie, as a part of it 




Fig 3 


(A)—Spiral ganglion 
Rasmussen spiral-bundle 


On the left transversally sectioned fibers 
(Bodian Method—Enl 


(B) Bony Lamina Espiralis with spiral fibers 

(Cajal-Be Castro Method—Enl 


of the 
500\) 

500 \) 


(C) Baae ot Internal acoustic cells showing double nerve supply 

(Bodian Method—Enl BOON.) 



Fig 4 

(Cnjal-De Castro Method—Enl 500N) 


Spiral fibers of the gallery 
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7 In 1956-" we lepoited the existence of multi-polai nerve 
cells m the cochleai blanch of the acoustic neive Piobably 
those cells weie an external piojection of the pi unary acoustic 
nuclei 

8 By the demonstiation made, the complication of the 
cochleai innervation is evident The piesence of pseudo uni- 
polai type cells m the vestibulai wall of the limbus espnalis, 
suggests the hypothesis of innervation of the tectonal mem¬ 
brane and, theiefoie, the possibility of closing a “neuionic 
aich” between that membiane and the hails of the internal 
and external acoustic cells 

SUMMARY 

Studying the cochleai innervation of the cat, the authoi, 
employing the silvei impiegnation methods of Cajal De Castio 
and Rio Hortega, aftei electiolytical de-calcification, leached 
the following conclusions 

a He agiees with Kolmei in the innervation of the external 
acoustic cells by external spnal bundles of fust, second, thud, 
and fourth oideis, that by particulai topogiaphical disposition 
would be bettei called spno-iadial bundles 

b The Rasmussen bundle is very evident, and some of its 
fibeis turn backwaids to the sustaining cells leaching the 
base of the limbus espnalis 

c The spnal fibeis on the oigan of Corti aie easily identi¬ 
fied 

d In the vestibulai wall of the limbus espnalis weie found 
pseudo-uiupolai cells with fibeis which were dnected to the 
base of the limbus espnalis and on the othei side to the 
tectorial membiane 

e The cells of the ganglion of Corti did not lemam cncum- 
scnbed m the Rosenthal canal, but they weie also found m 
the descending canals of the modiolus 

/ In the cochleai bianch of the acoustic nerve were found 
multi-polar cells probably originating in the primary acoustic 
nuclei 
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(A) Rosenthal and descending modlolar canals 

(B) -Bl-polar-cel.s In a descending modiol^ca ^ 0 JIethod - El1 ' S = X) 

(O-Bl-po.ar cells In a descendln/mo^ioSr ^ethod-Enl 37=\> 

(Cajal-De Castro Alethod—Enl So0\) 



(A)—Acoustic ner\ e with 
Idem —(Enl 375X) 

(C)—Iden—(Enl 850X) 


Fier 7 

multipolar cells 


(Enl 86X) 

(Cajal-De Castro Method) 
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Xeurologie, 1S82 
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700 703 Society Editnce Libraria Milano 1940 

25 Portni vnn , JI eC Innervation de la Bandelette Sillonnde (Limbus 
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26 Com P Estudo SGbre Iner\acao da Cdchlea e Sobre Non os 
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gato) Anais da Fac de Med Uiuv do Recife, 16 1, 1956 

27 Coxtu P Neves Pinto, R M e Santos M Consideracoes sObre a 
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Anais da Fac Med Uitiv Recife 16 2, 1956 
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DC POTENTIALS OF THE MEMBRANOUS LABYRINTH 

(Abstract) * 

Catherine A Smith, 

Hallowell Davis, 

Bruce H Deatherage, 
and 

Carl F Gessert, 

Washington Umveisity, and Cential Institute foi the Deaf, 

St Louis, Mo 

The membranous labynnth of the internal eai is a closed 
epithelial tube filled with endolymph and sunounded by pen- 
lymph It is divided into compartments by local const! ictions 
and dilations The cochleai duct and the saccule aie con¬ 
nected by a short nanow duct The lattei is also separated 
fiom the utucle by anothei (mdnect) tubule Pievious 
analysis of endolymph has shown it to contain 144 m eq /I of 
potassium and 16 m eq/1 of sodium, wheieas perilymph 
shows the opposite potassium-sodium latio (Smith, Lowry 
and Wu) 

The DC potentials of the cochlear duct, utucle and saccule 
of the guinea pig were measured by means of a glass pipette- 

•The full paper will be published elsewhere. 
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ieiilymph and suuoundmg tissues This DC endocochleai 
lotential is thought 12 to contilbute to the geneiation of the 
:ochleai miciophomc and to the associated electucal cuuent 
dow that is believed to stimulate the neive endings 1 The 
>ouice of the DC potential is unknown The electiochenncal 
nechanism seems to be lathei specific and moie closely de¬ 
pendent on oxidative piocesses than is the familial negative 
ntiacellulai polanzation 4 The site of the geneiation had 
been tentatively located both in the hail cells and in the stiia 
vasculans The piesent expenments weie planned m the 
hope of deciding between hail cells and stiia vaseulans as the 
locus, by mjuimg the mnei eai of guinea pigs m ways which 
could be moie oi less selective The experiments actually 
yielded impoitant additional infoimation concerning the souice 
and significance of both the cochleai miciophomc and the 
negative summating potential 

As an agent to injuie hail cells, stieptomycm, injected 
locally into the bulla, was suggested to us by Di Haiold 
Schuknecht 11 He actually made the fust thiee injections m 
the piesent senes The pioceduie dnected at the stiia vas¬ 
cularis was extensive obstiuction of the cochleai vem and 
some of its collateials Kimuia and Peilman have descnbed 
the suigical pioceduie and the lesultmg pattern of histological 
changes m stiia vaseulans and in the sensory cells ' The 
eai best changes appaiently occui in the stria and the spnal 
ligament 

We did obtain cleai diffeiential effects by these two meth¬ 
ods In each case an intei val of a few (foui to seven) days 
pioved best foi obtaining the desued degiee of change m 
electucal activity and m histological appeaiance 

The electucal i espouses measuied, as indices of the func¬ 
tional state of the oigan of Coiti, weie the cochleai rnicio- 
phomc (CM), the negative summating potential (SP), and 
the action potential spike (AP) CM is known to depend 
upon the lian cells AP is geneiated by the neive fibeis m 
the modiolus and gives evidence of the mtegiity of the oveiall 
system of tectorial membiane, hau cell, nerve ending and 
neive fibei SP, like CM, piobably ongmates m hau cells, 
but the association has not been established cleai ly To diaw 
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electiode Endolymph was withdiawn m the same pipette 
foi potassium analysis Successive measmements made on 
the same eai showed the potential of the cochleai duct to be 
+70 to +80 mv (as descubed by von Bekesy), and that of 
the utucle, to be not moie than +5 mv The sacculai po¬ 
tential, measuied in othei animals, was similai to that of the 
utucle Endolymph fiom both utucle and cochlea had a 
high potassium content similai to that of the pievious analysis 
The high positive potential is, theiefoie, lestucted to the 
cochlea, wheieas the high potassium content appeals to be the 
same thioughout the membianous labyrinth 

MODIFICATION OF COCHLEAR POTENTIALS 
PRODUCED BY STREPTOMYCIN POISONING 
AND BY EXTENSIVE VENOUS 
OBSTRUCTION *f$** 

H Davis, 

B H Deatherage, 

B Rosenblut, 

Cential Institute foi the Deaf, 

St Louis, Mo 
C Fernandez, 

R Kimura, 

Univeisity of Chicago, 

Chicago, Ill, 
and 

C A Smith, 

Washington Univeisity, 

St Louis, Mo 

INTRODUCTION 

The endolymph m scala media of the guinea pig cochlea 
shows a positive DC potential of about 80 mv lelative to tie 
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collaterals was earned out by R K at the Univeisity of 
Chicago The method, the lesultmg symptoms and the usual 
histological changes have been desenbed elsewlreie The 
annuals weie transported to St Louis and tested at intervals 
ranging fiom five days to 28 days The most satisfactory 
degiees of partial injury weie found five to eight days post- 
opeiatively 

Both the streptomj cm and the venous-congestion animals 
veie piepaied foi final test by oui usual methods 13 Dial in 
uiethane 0 5 cc pei kilo was given intiapeiitoneally Raiely, 
a small supplementary dose was required The tieated coch¬ 
lea was exposed by opening the bulla and two fine, enamel- 
insulated nichiome-steel wnes (25/t) weie introduced through 
small holes dulled into scala vestibuli and scala tympam 
respectively 3 to 4 mm from the lound window Between 
these electiodes a fenestia was made tlnough the bony shell 
of the cochlea to expose the spnal ligament behind the stna 
vasculans A chlonded silvei electiode, wrapped m linger - 
soaked cotton to avoid dnect contact with the body fluids, was 
inserted undei the skm at the edge of the wound and, m most 
expei iments, an eai speculum that fitted snugly the output 
tube of a calibrated sound souice 3 was sewed tightly into the 
external auditoiy canal 

The fust foui stieptomycm animals weie simply placed 
at a standaid distance m fiont of an open loud-speakei and 
tested qualitatively with 9000 c p s tone buists, but it was 
soon found that stiongei acoustic stimuli weie needed The 
closed, calibrated system, capable of delivering ovei 135 db 
SPL at the test fiequency of 7000 c p s , was employed there¬ 
after, and all sound piessuie levels leadings are collected to 
a position just m fiont of the tympanic membiane 

As a standaid acoustic stimulus we employed a 7000 cps 
tone-burst with a 1 msec use tmie and 1 msec fall time The 
sound level lemamed constant foi 4 (oi sometimes 6) msec 
This inteival was long enough to allow easy recognition of 
SP but too shoit foi echoes m the acoustic system to confuse 
the pattern The 1 0 msec l lse time is the slowest that \i e 
found consistent with the good synchronization of nerve 
impulses that is necessary foi a sharp “N, spike ” 



598 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


fnm conclusions, theiefoie, we seek pnmanly a lelation be¬ 
tween CM lesponse and the positive DC lestmg potential of 
scala media under vaiymg degiees of injury inflicted by the 
two diffeient methods Secondly, we seek the 1 elation be¬ 
tween depression of electucal activity and any histological 
changes that can be demonstiated in paiticulai types of cell 
Finally, the 1 elationships among the vanous electuc le- 
sponses aie of gieat inteiest m then own light, as they 
indicate possible mechanisms 01 functional 1 elationships 

METHODS 

Stieptomycm sulfate, in doses of 0 1 to 1 0 gm dissolved 
in distilled watei, was injected into one bulla of each of 26 
guinea pigs The volume of fluid injected was usually about 
0 2 cc The hypodeimic needle was at fust foiced thiough 
the wall of the bulla oi thiough the tympanic membiane It 
pioved moie satisfactory, howevei, to expose the bone of the 
bulla m a piehrmnaiy opeiation and to dull one hole foi the 
hypodeimic needle and anothei to allow escape of an Even 
so, some fluid may have been lost thiough the Eustachian 
tube befoie the diug was entnely absoibed, so that the exact 
dosages weie unceitam 

A time intei val of foui to seven days between injection and 
test was convenient and sufficient Longei mteivals in- 
ci eased the chances of complications, such as otitis media and 
foimation of adhesions, and tended to give moie mjuiy to 
the cochlea than was desned 

Piactically all 22 of the animals successfully injected and 
earned to acute expel iment, showed signs of umlateial ves- 
tibulai deficit, such as nystagmus and a head postuie with 
lotation aiound the long axis, duung the fust two days of the 
inteival 

At the final expei iment the bulla usually contained some 
mucoid oi seious blood-stained fluid, and the mucosa was 
often thickened and vasculanzed, but the tympanic meni- 
biane was intact and, aftei the bulla had been swabbed out, 
the ossicles weie usually fieelv movable 

Suigieal obstiuction of the cochleai vein and some of its 
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cliameal stiffness, and ability to penetiate spnal ligament 
and stiuctmes beneath it without undue injury Details of 
the constiuction of the pipette-eleetiode, its camei and the 
associated DC amplifiei aie given elsewheie 12 Measuiements 
weie made on the face of an oscilloscope with the help of an 
internally illuminated lucite scale A moving-film lecoid 
of the movements of the oscilloscope spot duimg insertion 
and withdiawal of the pipette was made as loutine but was 
actually used only to lesolve doubts as to diiect scale lead¬ 
ings when the changes weie unusually complicated 01 lapid 
The silvei electiodes weie fleshly chlonded each day 

Just befoie penetiation the amplifiei was always balanced 
to give zeio reading while the tip of the pipette was lm- 
meised in the film of fluid ovei the spnal ligament A zeio 
leading was also taken again aftei withdiawal but just 
befoie bieakmg contact This final leading usually agieed 
within ± 1 mv with the onginal The pipette was advanced 
bv steps until furthei advance gave no furthei mciease m 
DC potential In a few cases the last advance caused a fall 
m the measuied potential, piesumably due to penetiation of 
Reissnei’s membiane Only laiely did we fail to encountei 
a legion of stiong positive DC potential on the fust attempt 
Always when the maximum was less than +30 mv and 
sometimes, as a conti ol, in othei experiments a second and 
even a thud penetiation was made m a slightly diffeient 
position oi dnection Actually, if a potential ovei 30 mv 
had been encounteied on the fust tiial no lughei potential 
was found on any latei tiial, and usually the voltage was 
the same oi a few millivolts less 

As conti ol values foi DC measuiements made m the basal 
turn by the above method we employed nine initial measuie¬ 
ments made m another senes of expenments that involved 
subsequent chemical injections into scala media oi seala 
tympani 5 These expenments oveilapped the piesent senes 
m time 

Noimal tinesholds and input-output cuives weie deteimined 
m a senes of lb expenments that will be descnbed m detail 
elsewheie The pioceduies were identical with those of the 
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Complete input-output functions foi cochleai miciophomcs, 
action potential and negative summatmg potential weie 
plotted fiom measuiements made of standing wave patterns 
on the face of the oscilloscope The lesults aie evpiessed as 
miciovolts DC displacement fiom the lestmg baseline foi the 
summatmg potential, as mici ovolts peak-to-peak foi the coch¬ 
lear miciophonic and as miciovolts lelative to the baseline of 
the fust wave (NJ m the action potential lesponse CM and 
SP weie both measuied as voltage diffeience between scala 
vestibuli and scala tympani AP was lecoided between the 
null point (foi CM) on a lesistance connected between the 
scala vestibuli and the scala tympani electiodes and the neck 
electiode Adjustment of the vanable lesistances in the net- 
woik effectively eliminated CM potentials fiom the AP trace 
and vice veisa 13 


With these electiode positions the AP is lecoided as the 
impulses entei the internal auditory meatus, and the spike 
lepiesents the impulses m all fibeis that aie activated within 
the fust millisecond, regaidless of the point of ongm in the 
cochlea The CM and SP 1 espouses and the lesting DC polaii- 
zation, howevei, aie chiefly those geneiated within one 01 two 
mm of the position of the electiodes The contilbution fiom 
distant points falls off lapidly with the distance 13 ” The 
attenuation of CM with distance may be even moie rapid 
than foi the DC potentials because of capacitative conduction 
acioss the walls of the scala media The locus of maximal 
amplitude of displacement of the cochleai partition at 7000 
c p s is only slightly apical fiom the position of the lecording 
electiodes 1213 so both CM and SP aie lecoided efficiently 


Aftei lecoiding the input-output data, we measuied the 
DC potential of the intei 101 of scala media lelative to the 
outei surface of the spnal ligament The head of the anima 
had been clamped fumly in a standaidized position A nucio- 
pipette electiode was now advanced into the scala media by 
means of a micio-mampulatoi Visual conti ol was main¬ 
tained tluough a bmoculai dissecting micioscope (20v 
Pipettes about 15 ^ outside diametei filled with 0 85 pei cen 
Na Cl solution gave a good compromise among the factois o 
simplicity of piepaiation, low enough ohmic lesistance, me- 
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geneiated within one 01 at the most a very few millimeteis 
The condition of stiuctuies thiee to foui mm fiom the lound 
window is cutical, while the condition of cells in the apical 
turns is melevant foi the intei pi etation of oui electucal 
tests except foi the action potentials pioduced by “remote 
lesponse” 6 The histological findings and also the lesults of 
oui electucal measurements aie summanzed m Table I 

In the stieptomycm senes, the mildest degiee of injury 
to the hail cells was a slight pyknosis and shnnkage of the 
external han cells in the lowei half of the basal turn All 
but one of these eais, howevei, shoved complete loss of the 
external hail cells up to, 01 neaily up to, the position of the 
lecoidmg electiodes The mnei hail cells neai the electiodes 
weie sometimes piesent and appaiently noimal m appeal ance 
(see Fig 1) In othei cases the nuclei weie pyknotic and 
fiequently displaced, and, m the most seveiely mjuied eais, 
the internal han cells as well as the external han cells (see 
Fig 2), and sometimes the supporting stiuctuies also, dis- 
appeaied entnely 

The changes m the stna vasculans weie much less than 
those m the oigan of Coiti The most seveie change was a 
shnnkage of cells with some edema appealing between oi 
behind them (see Fig 3) Theie was no geneial cellulai 
degeneiation 

Changes m the stna and also changes m the han cells 
weie not necessanly continuously giaded but might vary 
megularly fiom section to section Wheieas all of the eais 
m the senes showed definite changes in the external hair 
cells, only six showed lecogmzable changes in stna vasculans, 
and only one of these showed injury in the stna that extended 
thioughout the length of the cochlea 

In the seven most seveiely poisoned eais the supporting 
cells of the oigan of Coiti had also degeneiated Sometimes 
they still formed a continuous layei (1072, 1078, 1090, 1108) 
but in otheis theie weie baie patches on the basilai mem- 
biane (1073, 1089) In the most advanced cases (1071, 1089) 
leplacement of the degenerated supporting cells by squamous 
epithelium had begun but was not yet complete In the 
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piesent senes except that no fenestia was made m the basal 
turn, and sometimes a second pan of lecoidmg electiodes was 
placed m the thud turn 

At the end of the acoustical and electncal tests the animals 
weie perfused with isotonic sodium chlonde solution mtio- 
duced into the aorta Aftei exsangumation the animal was 
pei fused with Heidenham-Susa solution and the head 01 
the tempoial bones piepaied foi histological study by loutine 
methods The heads of the animals with venous obstiuction, 
studied by C F at the Univeisity of Chicago, weie sectioned 
as a whole thiough both cochleas symmeti ically T This method 
of cutting lequnes caieful onentation m the miciotome to 
obtain mid-modiolai sections of both cochleas at once, but 
allows close immediate companson between the opeiated 
and the opposite noimal eai 

RESULTS HISTOLOGICAL 


St) eptomycm 

The mjunous effects of sti eptomycm vaned accoidmg to 
the dosage employed, the numbei of days elapsed following 
the dosage, the type of tissue, and the distance fiom the 
lound window The lelationships of mjuiy to size of dose 
and to duiation following the injection weie not examine 
closely because it was obvious that only slight conelations 
exist within the lange of dosage lepiesented in oui expen* 
ments The external hail cells aie the most vulneiable ce s 
The supporting stiuctuies of the oigan of Corti and the in 
temal hau cells aie fauly vulneiable, the stua vasculans is 
affected only slightly, and Reissnei’s membiane, the basi ai 
membiane, sulcus cells and limbus aie veiy slightly affecte , 
if at all A giadation of effect away fiom the lound win on 
is veiy cleai and seems to establish beyond doubt the i° u 
of enhance of the sti eptomycm, namely thiough the 101m 
window membiane 

The eais studied in this senes weie examined both with 
lelation to the extent lengthwise of the mjuiy and to tie 
seventy of mjuiy m the legion of the fenestia As note 
above, oui electiode system is sensitive to CM, SP and V 
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se\eiely affected eais some degeneration appealed m the 
lmibus also, and the internal and external spnal sulcus cells 
weie lost 

In one eai (1125) the coclileai duct was collapsed and 
Reissnei’s membiane lay closely against the stiia vasculans 
ovei the gi eatei part, although not quite all, of its width All 



Fig 1. Degeneration of external hair cells in streptom\cIn poisoning 
Internal hair cell present in fair condition. Stria \ascularis is normal 
DC potential —SI m\ See Fig 10 for input-output curves (Guinea 
pig 1097) 


of the vestibulai membianous labyrinth was likewise col¬ 
lapsed in this ear, even the semicirculai canals 

In some prepaiations Reissnei’s membiane bulged some¬ 
what into stria vaseulans, eithei locally 01 thioughout the 
cochlea, but we attribute tins bulging to artifacts of fixation 

With the exception of animal 1107 no neuial injury was 
observed, eithei to the nei\e fibeis 01 to the ganglion cells, 
unless the animal had suivived at least six days aftei the 
injection Aftei the sixth day the amount and seventy of 
mjuiy to neive tissues seems to con. elate quite dnectly with 
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Fie 3 Mild injury of stria \ascularis in streptomycin poisoning the 
most severe in the entire series DC potential + 08 m\ (Guinea pig 1107) 






- Degeneration of both external and Internal hair cells In str^pto 
nijcln poisoning Supporting ceils present but abnormul Stria vascularis 
l 3 > Fo,tIi ng of basilar membrane is a fixation artifact DC P® 

tential ~f-<J m\ See Fig 12 for input-output curves (Guinea pig 110$) 
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3 Atiophy of some cells but not moie than 50 pel cent 

U Moie than 50 pei cent of cells atrophic, usually accom¬ 
panied by neciosis 

5 Almost complete neciosis (Complete neciosis of stiia 
vaseulans was not seen m this senes ) 

Giades 1 and 2 aie charactenstic of the stieptomycin senes 
The changes oceuned usually neai Reissner’s membrane oi 
the spnal pionnnence wheie a few cells might be degenerated 



Fig 4 Degeneration of atria vascularis Grade 5 with normal hair 
cells and other structures of the organ of Corti DC potential +17 m\ 
See Fig 9 for input-output curves (Guinea pig 1121) 


oi sloughed off These degiees of injury appeal compatible 
with normal function Giades 4 and 5 weie seen only m the 
venous obstruction animals, in six of which the stna vas- 
culans was mjuied moie severely than in any streptomycin 
animal With such mjunes normal function would be very 
lmpiobable oi impossible The atiophy, when piesent, tended 
to be localized neai the lound window while the neciosis was 
usually quite extensive In Table I the numbers indicate the 
degiee of injury at the position of the electiodes 
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the amount of mjuiy to the hail cells It seems leasonable 
to suppose, theiefoie, that the mjuiy to neive tissues is not 
piimaiy but is secondaiy to degeneiation of the hail cells 

Extensive Vencms Obstruction 


Satisfactoiy histological piepaiations weie made of the 
cochleas with extensive chiomc venous obstiuction In gen 
eial the effects weie moie seveie in the animals studied with 
in eight days following the opeiation Recoveiy appaiently 
occuned aftei establishment of collateial cnculation unless, 
as in some cases not studied electrically, part of the cochlea 
degeneiated completely 


The histological changes weie always most seveie in the 
immediate neighboihood of the lound window The apical 
turns appealed quite noimal and, just as with the stiepto- 
mycm poisoning, the electiodes in seveial cases weie placed 
m or veiy close to a zone of lapid tiansition fiom "neaily 
noimal” to "cleaily abnormal” tissues Unfortunately, this 
gradation of mjuiy makes mfeiences as to the 1 elation of 
electucal potentials to paiticulai stiuctuies less secuie than 
we had hoped 


The tissue most seveiely affected by venous obstiuction 
was the stua vasculans Next in oidei came external hair 
cells, the spnal ligament, and the supporting stiuctuies of 
the oigan of Coiti Slight hemonhages into the penlymphatic 
spaces weie fiequent Othei tissues weie not affected 


The obvious changes m the stua vasculans weie « a ^' 
lophy of the epithelium fiom the noimal pseudostiatified 
columnai to a simple cuboidal epithelium, b thiombosis 01 
absence of the blood vessels, and c sometimes a detachment of 
whole cells 01 extiusion of pigment gianules (see Figs 4, 5) 


In Table I the degiee of injury to the stua vasculaiis is 
coded as follows 


1 Some slight changes m a few cells 

2 Most cells shi unken with some edema between oi b e ' 
hmd them, but no geneial cellulai degeneiation 
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With venous obstruction the changes m the hail cells were 
pyknosis 01 total absence of nuclei In the spual ligament 
nuclei weie sometimes missing, and scattered maciophages 
appealed All of these changes and then distribution aie 
similai to those alieady descubed elsewheie " 

In one eai (1116) with normal han cells and only local 
degeneiation of stua vasculans neai the lound window, 
Reissnei’s membrane was paitially collapsed In anothei, 
with noimal hail cells and a local legion of mild degeneiation 
of the stua, Reissnei’s membiane was tom fiom lound win¬ 
dow to the thud turn The electucal 1 espouses of this coch¬ 
lea weie emphatically noimal (1117) and the damage is 
inteipieted as an artifact Theie weie no othei suggestions 
of abnoimalities of hydiostatic piessuie 

The coclileai aqueduct was not normally enteied dunng the 
opeiation pioducmg obstruction of the cochleai vein, but 
histological examination showed that it had been blocked m 
five expel iments (1103, 1104, 1115, 1118 and 1119) In none 
of these, howevei, was theie any abnoimality of stiuctuie oi 
electucal lesponse that could be attubuted to the blockage 
Animals 1115 and 1118, with suivivals of foui and thiee 
weeks, showed blockage of the aqueduct with new bone foima- 
tion but they also had normal histology and electnc responses 
This is cleai evidence that the cochleai aqueduct is “dispen¬ 
sable” m the guinea pig 

RESULTS AND INFERENCES ELECTRICAL 
Endocochleai DC Potential 

The endocochleai DC potential of nine noimal contiols 
langed fiom +64 to +90 mv The mean, the median and the 
mode of this gioup weie all +77 mv The distnbution was 
noimal m foim as fai as one can tell with such a small 
sample 

The eais injected with stieptomycm divided cleaily into 
two gioups In thiee animals (1071, 1073 and 1089) the 
endocochleai potential was 10 mv or less Fiom none of 
these thiee eais was any electrical lesponse (CM, SP oi AP) 
obtained with 9000 cps tone buists at 65 db above the 
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Fig 5 Atrophj and necrosis of stria \nsculnris Grade a r '",‘' ,„v 

cells present External hair cells mostl> absent DC pottnti 
(Gulnei pit 1120) 
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the lowest DC potential m the stieptomycm senes ( + 58 mv ) 
showed the most definite and widespread injury m the stna 
vasculans (see Fig 3) The injury was not seveie, howevei, 
in comparison with those produced by venous congestion 

The other eais showed noimal DC potentials with varying 
degiees of elevation of their CM “threshold” 


2 

id 

cc 

m 

Q 


<! 

H 

Z 

Ld 

£ 

u 

Q 


£ 

o 

o 

8 

2 

UJ 


+ 2 

0 

-2 

-4 

-6 

-6 

-10 

-12 

-14 

THRESHOLD (3 /xv) OF COCHLEAR MlCROPHONIC DB-SPL 


n—i—r 


i—r 


inMmalS, 


_ 

+ . --© 


x+- 


+ \ 


\ + 

\ 

\ 

v 

\ 


VSTREPTOMYqN_ _ _®_ __ ~\ 
+ 


\ 


\ 


TVtihddi corrected /«r 
cooductnre loun 

0 » Lierutie£ upper 
or lo«tr 


' .Venous obstruction^ v 3 unresponsive] 

W s EARS 




J_L 


rl 

120 


20 


40 


60 


100 


Fig- 6 Distribution of endocochlear potentials with respect to cochlear 
microphonics. The large X Indicates the median -values of two groups of 
normal ears 


Obviously, tlie DC potential can exist quite independently 
of the external hail cells and the CM response, but a normal 
01 neaily normal stiia vasculans is always piesent 

The ten eais m which venous obstruction was pioduced 
divide into thiee gioups with lespect to then DC potentials 
Foui weie within normal limits, although all ten weie below 
the contiol median Two (1120 and 1121) weie gieatly de- 
pi essed, while the othei four showed intermediate, model ately 
depressed potentials The foui best eais had all been ob- 
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noimal thieshold In all thiee the hail cells weie absent in 
all turns, and the entne oigan of Coiti showed seveie degen- 
eiation in the fust turn In 1073 and 1089 theie weie bare 
patches of basilai membiane, and in 1071 a veiy thin squam¬ 
ous epithelium had almost, but not entnely, leplaced it The 
stua vasculans, howevei, showed only the mildest degiee of 
abnormality m patches heie and theie 

These thiee eais do not help to identify the geneiatoi of 
the DC potential The potential may have been low because 
the geneiatoi m the oigan of Corti was destioyed, oi else 
because an intact geneiatoi in stua vasculans was short¬ 
en cuited by a low-i esistance pathway thiough denuded oi 
incompletely coveied basilai membiane The basilai niem- 
biane and the mesothelial cells on its tympanic suiface alone 
do not senously obstiuct the movement of ions 11 The elec- 
tncal bainei is the oigan of Coiti, the cells of Claudius and 
the sulcus cells 12 

The othei 19 stieptomycm-tieated eais aie moie decisive 
All showed noimal oi neaily noimal endocochleai DC po¬ 
tentials Only thiee, at +58, +60 and +62 mv, lay below 
+ 64 mv, the lowest of oui nine conti ols Foui shoive 
potentials highei than +90 mv , the highest contiol The en¬ 
tile distribution is shown graphically in Fig 6 Here tie 
abscissa is the “thieshold” of the cochleai miciophonic re¬ 
sponse We shall see below that the voltage of the nncio- 
phomc con elates veiy closely with the degiee of mjuiy to 
the external hail cells 

In 1108 a questionable CM 1 espouse was seen, but only + 
129 db SPL All han cells, external and internal, weie ab¬ 
sent m Tum I, but DC was +73 mv Stua vasculans was 
noimal In 1096 a doubtful CM appealed at 113 db SPL 
hail cells weie missing m all turns but the DC was +60 nn 
Again stna vasculans was noimal The two eais (1 
1078) that showed the highest DC potentials, +92 and + 7 
mv , gave no CM, SP oi AP at 100 db SPL (9000 c p s buis 1^ 
The hail cells weie neaily oi completely absent m Tuin 111 
both eais Stna vasculans was entnely noimal m 107.2 an 
neaily so m 1078 On the othei hand the eai (1107) wi 1 
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Fie S Normal AP and nearly normal SP input-output cur\ea with 
slightly depressed CM from an ear poisoned with streptomycin. DC po¬ 
tential Is normal 


as well as the endocochleai DC potential weie very gieatly 
1 educed The latter was only -r 15 mv The internal hair 
cells weie appaiently normal The external hau cells were 
missing, and the stua was atiophic above and neciotic below 
the position of the electrodes 

The othei depiessed eai (1121) showed neaily noimal hau 
cells, but a severe degeneiataon of stna vasculans from the 
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INPUT IN DB SPL 


this and subsequent graphs of input-output functions the 
response plotted at 3uv has sometimes been interpolated 
«* tr * P ? ? ted * Table I however the threshold is the threshold of 
°' , tIle response on the oscilloscope and sometimes differ* 
slightly from the plotted value Stimulus 7000 cds tone burst ylt*) 
j;, _ r ^ se , time Electrodes in the basal turn in all cases. In Guinea 

with venous obstruction the Input-output relations uere sud 
stantlally normal 


stiucted at least 15 days pieviously, and in geneial their 
electrical lesponses were all within nonnal limits except for 
a reduced CM maximum voltage m one case The histological 
findings weie also normal 

In one of the depressed ears (1120) the electrical responses 
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show that the DC potential may be piactically noimal with 
no hair cells piesent but good stua vaseulans, and that even 
with normal hail cells it may be very low if the stua vascu- 
lans is seveiely mjuied All of oui experiments aie consist¬ 
ent 101 th the interpi etation that the endocochleai DC potential 
is generated by the stria vascularis and not by the han cells 

The Cochlear Mict aphonic 

The form of the input-output function is very stable The 
output is lmeaily pioportional to the instantaneous acoustic 
pressuie at low and moderate levels, but goes thiough a maxi¬ 
mum at a high level (Fig 7 lllustiates a noimal CM re¬ 
sponse cuive ) The sound pressuie levels at which the fust 
deviation fiom lineality appeals and at which the maximum 
is reached depend on the acoustic fiequency of the stimulus 
and on the position of the recoiding electiodes Foi oui con- 
tiol senes the median values weie 76 and 103 db respectively 
These levels aie so stable, even when the output voltage is 
gieatly depieseed by stieptomycm oi by venous obstiuction, 
that we weie able to mfei fiom elevated values m thiee cases 
(1099, 1104 and 1118) that there weie conductive losses of 7, 
15 and 15 db respectively Otitis media with adhesions had 
been noted at opeiation and/oi was demonstrated by micio- 
scopic examination in each case (In Table I it is the col¬ 
lected values that aie enteied ) 

From the stability of the shape of the CM lesponse curve 
and of the sound piessuie level that elicits maximal lesponse, 
even when the hair cells aie mjuied and the CM output voltage 
is i educed, we infer that the shape of the upper part of the 
CM lesponse curve is mechanically deteimined by structures 
and foices outside the hail cells 4 

A thud convenient index of CM response is the threshold 
of visibility of the CM on the oscilloscope This value agiees 
very well with the sound piessuie level that yields a 3 ^v peak- 
to-peak lesponse as determined by extrapolation from meas¬ 
urements at higher level 

The final index of CM lesponse is the maxim um peak-to- 
peak output voltage Our median control value is 800 juv 
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Fig 9 Moderately depressed Input-output cur\es with very lw J 
endolymphatic potential in an ear with venous obstruction The aesen 
ated stria vascularis and intact hair cells are shown in Flff 4 


iound window to within 1 mm of the electiodes (see Fig 4) 
The lattei weie located in a tiansition zone between seveiely 
and mildly degenerated stua The electucal 1 espouses (see 
Fig 9) weie definitely but only modeiately depiessed The 
DC potential, howevei, was only +17 mv 

Eai 1121 with venous obstruction, and ear 1096 m the 
stieptomycin senes, form a perfect conti astmg pair They 
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Fig - 11 Input-output curves from an ear with, venous obstruction 
This ear showed the strongest AP response relative to ClI in the entire 
aeries. DC potential is depressed 


senes offeis many examples of this coirelation, and the ven¬ 
ous obstruction series adds thiee more 

In every case m which no external hail cells lemamed 
(within thiee millimeters of the electiodes) the maximum 
CM was not more than 3 pv In these cases when a trace of 
CM remained the threshold was elevated by at least 75 db 
In othei ears, which yielded depressed CM responses five or 
ten per cent of the normal maximum, and with thiesholds 
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The values foi all foui indices foi the individual eais ant 
foi the medians of the contiol senes aie given in Table I, an 
full curves aie piesented in Figs 7 to 12 foi six eais tha 
lepiesent vanous degiees of depiession of cochleai micio- 
phonic, summating potential and action potential 

The cochleai miciophomc has foi many yeais been at* 
tnbuted to the han cells 1 This inteipietation is confute 
without exception in the piesent expenments if we confine 
the statement to the external han cells The stieptom>cin 




INTERNATIONAL CONFERENCE ON AUDIOLOGY 


621 


en han cell with a pyknotic nucleus may generate a significant, 
though pei haps subnormal, cochleai miciophomc 

The internal hail cells, however, were normal 01 veiy 
neaily normal m appearance in all cases of venous obstruc¬ 
tion In six cases of streptomycin poisomng they were at 
least in fair condition, perhaps a little pyknotic 01 shrunken 
We can say with confidence that the contribution of the in¬ 
ternal hair cells to the CM response is at most quite small 
compared to that of the external hail cells In seveial cases 
we cannot tell whether the small lesidue of CM (five to ten 
per cent of normal maximum) came fiom good internal hair 
cells that were present near the electrode, or fiom scattered 
or shrunken external hair cells that were found a millimetei 
01 so away Numbei 1120 shows that internal han cells can 
at least appeal normal under the micioscope without yield¬ 
ing a CM response, but this case is complicated by abnormal 
stua and low DC potential 

In summary Our evidence sti ongly suppoi ts the hypothesis 
that the external hair cells are the anatomical locus of the 
generation of the cochleai nucrophonic, and that the internal 
hair cells conti Unite little a? nothing to this response 

The Summating Potential 

SP is a DC lesponse to acoustic stimulation The input- 
output curve of the summatmg potential is much moie van- 
able from animal to animal, and undei diffeient conditions 
m the same animal, than is the lesponse curve of the cochlear 
miciophomc SP is obseived as a displacement of the base¬ 
line of the CM m the dnection indicating that scala vestibuli 
has become more negative lelative to scala tympam (cf 9) 
A full description of the summatmg potential is m piepaia- 
tion foi publication elsewheie In general, howevei, 1 the 
threshold of detection of SP is 20 to 30 db above that of CM, 

2 the fnst segment of the lesponse curve is linear, like CM, 

3 the uppei segment at sound pressuie levels above 100 db 
SPL is lelatively stable and continues to use up to destruc¬ 
tive sound piessuie levels (see Figs 7 and 8) The SP re¬ 
sponse is likely to be laigei and moie stable m the presence 
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INPUT IN DB SPL 

Fig 12 Following treatment with streptomvcin the first turn of this 
ear snowed no local responses A typical Input-output curve was obtained 
for the remote component alone of the AP response The degenerated 
hair cells in the basal turn are shown in Fig 2 Hair cells were atm 
present In the apical turns. The X)C potential was normal 


elevated 30 db 01 moie, eithei the external hail cells weie 
badly shiunken and pyknotic m the fust turn 01 , moie usually, 
the electiodes had been placed squarely m the tiansition zone 
between absent external hail cells towaid the lound window 
and some external hail cells, peihaps with pyknotic nuclei, 
piesent within one millimetei apically Appaiently a shiunk- 
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spite of the lathei small numbei of cases, the anatomical 
souice of the negative summatmg potential is the internal hair 
cells A small contribution fiom some external hail cells is 
also possible. 

Action Potentials 

The normal form and the expected vanations m the input- 
output curve foi the N, action potential spike in lesponse to 
a 7000 cps tone burst will be given more fully elsewheie 
Fig 7 (1117) shows a fan sample of such a curve, howevei 
It uses abruptly fiom a true threshold lesponse, and it con¬ 
tinues to use, but with varying slope, up to injurious sound 
pressuie levels Two “humps” in the curve are quite typical, 
one with its maximum neai 60 db SPL, the other about 100 
to 110 db SPL Convenient arbitrary indices of the AP 
cuive aie 1 the SPL at threshold, 2 the miciovolt lesponse 
at 57 db SPL and the miciovolt lesponse at 110 db SPL 

The selection of these two aibitiary levels is dictated m 
laige part by oui impiession that the AP lesponse curve is 
made up of thiee components, each geneiated by a sepaiate 
“population” of neuions and stimulated by a different gioup 
of sensory cells (cf 11) The low-intensity population, centei- 
mg at 57 db SPL, seems to depend quite closely on the 
piesence of a good CM lesponse On the othei hand, expt 
1097 (see Fig 10) is an excellent example of absence of the 
low-intensity (CM) population but a neaily normal high- 
mtensity population The CM lesponse in this case is very 
small (Note that the scale is loganthmic) On the othei 
hand the SP lesponse, which is a less sensitive mechanism, 
is neaily normal 

We believe that the neurons of the low-level population 
aie those activated by the external han cells and that the CM 
is part of the mechanism that activates them We furthei 
believe that the high-level population centeiing at 100 to 110 
db SPL is the gioup of neuions activated by the internal 
han cells and that SP is part of the mechanism that activates 
them This hypothesis is specifically formulated foi the le¬ 
sponse of the basal turn of the cochlea to a 7000 cps tone 
buist with a 1 msec use time, but we believe that m geneial 
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of slight injury, such as mild anoxia, holes in the cochlea, etc, 
than in fully noimal eais 

Foi the piesent analysis only two indices pioved simple 
and, stable enough to be useful the fust is the "8 M v tlnesh- 
oid, ie the sound piessuie level that just elicits an 8 M v 

* e J*P ons< ?> and the SP) voltage at the aibitiaiy level of 110 
db SPL The values aie given in Table I 

Undei an mjuiy by eithei stieptomycm oi venous obstiuc- 
tion that i educes CM voltage oi laises its thieshold the SP 
lemams at oi neai noimal values, and sometimes (eg 1103, 
1097) it may lemain fauly piomment when the CM is gieatly 
ieduced oi almost abolished The SP follows CM in geneial, 
howevei, m its i elation to injury to the oigan of Coiti and 
does not, m the ciucial expenments (1096 and 1121), follow 
the lestmg endocochleai DC potential m its i elation to the 
stua vasculans It appeals cleaily to be a lesponse of the 
oigan of Corti to acoustic stimulation 

The class of cell in which pathological changes con elate 
most closely with depiession of SP is the internal han cell 
This cell is lathei moie lesistant to mjuiy by any agent we 
have used than the external han cell SP is absent in all 
eight cases in which the internal han cells aie absent in Turn 
I It is piesent m all cases but one m which they aie piesent, 
even when they aie descnbed as “fan”, “shiunk” oi “pyknotic 
nuclei ” The quantitative coil elation is good in all but tlnee 
cases, all of which aie m the venous obstiuction senes One 
of these (1104) was complicated by a conductive heanng loss 
so that SP voltage at 110 db could not be deteimmed, 1103 
(see Fig 11) showed a small SP, and 1120 showed no SP 
both m the piesence of “normal" internal han cells In 1103 
we must postulate either paitial anoxia of the animal duiing 
the test oi covert injury to the internal han cells In 1120 
(see Fig 5) theie is mduect evidence of pool cnculation in 
the distended capillanes found in stna vasculans and in un¬ 
usually extensive "hemonhage and piecipitate" m the peii- 
lymphatic spaces 

We believe that in spite of these two partial exceptions that 
lequire additional, although plausible assumptions, and m 
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ound window, causes degeneiation fust of external, then of 
utemal hau cells, and then of supporting cells of the oigan 
f Corti The stria vasculaiis is very little affected 

2 The persistence of a noimal positive DC endocochlear 
lotential aftei stieptomycm has destioyed the han cells 
ilimmates the hau cells as possible geneiatois of the DC 
jotential (It is not reasonable to attubute a DC potential 
>f +70 mv oi moie m scala media m the fust turn to gen- 
natois located in. highei turns The “space constant” estab- 
lshed by Misiahy 3 foi the scala media is too small m other 
voids, the basilar membiane and oigan of Corti aie too leaky 
ilectncally to distiibute the DC potential very fai along the 
:ochlea away fiom the legion of its geneiation ) 

3 Extensive venous congestion, both acute and chionic, 
iffects stiia vasculaiis moie qmckly and piofoundly than 
the hau cells 

U The systematic depression of the positive DC endo- 
cochleai potential by venous congestion supports the theory 
that the stria vasculaiis is the geneiatoi of this potential 

5 The effect of venous congestion on the cochlear micro- 
phonic, on the summatmg potential and on the action poten¬ 
tials is vanable, depending on the exact degiee of injury to 
various tissues in the neighboihood of the electiodes, parfcicu- 
laily the hair cells 

6 The DC endocochlear potential is not necessary foi the 
generation of CM (It may, howevei, serve to make the CM 
response largei oi more sensitive ) 

7 CM is piobably the immediate stimulus to nerve fibeis 
neai threshold, but a fauly good AP response is still possible 
with a very small CM 

8 SP is always piesent when the AP lesponse is gieatei 
than that which can be attributed to the “1 emote lesponse” 
of the apical region SP, as well as CM, is probably an 
effective stimulus to nerve fibeis 

9 Internal hair cells that appear normal under ordinary 
micioscopy may not yield a significant CM response 
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the external han cell and CM aie a sensitive low-level mechan¬ 
ism, and the internal hail cells and SP aie a less sensitive 
and moie lugged high-level mechanism This hypothesis in¬ 
cidentally explains how the AP output curve can continue to 
use at levels above 105 db SPL, at which the CM output 
cuive is falling 

The final use in the AP curve is assisted by the "1 emote 
lesponse” descnbed eailiei by some of us 0 A tone buist at 
levels above about 80 db SPL evokes not only local move¬ 
ments of the cochleai paitition and couesponding CM and 
SP lesponses, but also a new mechanical wave that in time- 
couise and amplitude conesponds to the envelope of the tone 
buist This is a mechanical detectoi (demodulatoi) action 
The new mechanical wave activates the apical pait of the 
cochlea that is appiopnate to its long wave length, which is 
deteimined by the use-time of the buist The lesultmg 
“lemote” action potentials fiom moie apical legions add with 
the action potentials of the neuions that innervate the fust 
turn They constitute a thud, veiy-high-level population 

Fig 12 (1108) m which all hail cells, both mnei and outei, 
weie absent m Turn I, but m which pyknotic mnei and outer 
han cells weie both piesent m Turn II, is a beautiful example 
of a puie “lemote” AP lesponse curve Notice that no SP 
and only a doubtful 3 /iv CM could be detected in Turn I 

An mfeience fiom expenment 1108 is that the detectoi 
action that initiates the l emote wave does not involve the 
hau cells It must be a pnoi mechanical event, like the pio- 
cess that is lesponsible foi the maximum in the CM lesponse 
curve 


CONCLUSIONS 

The foiegoing obseivations on cochleas poisoned with stiep- 
tomycm oi depiessed by extensive venous congestion, taken 
m conjunction with oui pievious knowledge of the electuca^ 
potentials of the eai, serve to establish oi to support strongly 
the following conclusions and intei pretations 

1 Stieptomycm, when it has been absoibed by way of the 
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ACETYLCHOLINESTERASE AND THE 
OLIVO-COCHLEAR TRACT OF 
RASMUSSEN 
(Abstract) * 

Harold F Schuknecht, 

Heruy Fold Hospital, 

Detioit, Mich 

A high concentration of acetylcholmesteiase is found on the 
neive fibers and endings of all foui i ows of han cells m the 
cat cochlea When the olivo-cochleai tiact of Rasmussen is 
cut m the brain stem, the quantity of acetylcholmesteiase 
dinunshes greatly, and aftei seveial weeks disappears almost 
entnely 


•The full paper will be published elsewhere 
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10 The negative summatmg potential is, m geneial, moie 
lesistant to depiession by stieptomyem 01 by venous con¬ 
gestion than eithei CM 01 AP 

11 Injury by eithei stieptomyem oi venous congestion 
tends to make the SP lesponse function moie legulai and 
even to mciease the negative SP response above noimal 
(This may be due to elimination of a very vulneiable positive 
SP lesponse A stiong positive SP appealed tempoianly 
dunng a single expenment on acute venous congestion ) 

12 The negative SP can still be piesent in the absence of 
external hail cells SP has not been seen when internal ban 
cells aie also absent This does not exclude the possibility 
that external hail cells, when piesent, may also geneiate SP, 
but the external han cells piobably pioduce all oi neaily all 
of CM, and the internal hail cells piobably pioduce all oi 
neaily all of negative SP (The external hail cells aie the 
most piobable source of positive SP, because both positive SP 
and the external hau cells aie highly vulneiable to injury) 

13 The position of the maximum CM lesponse on the in¬ 
tensity axis l emains fixed in spite of mj uiy by eithei sti epto- 
mycm oi by venous congestion This stiongly indicates that 
the maximum m the CM lesponse, and piobably also “bleaks” 
m the SP input-output cuives, aie almost certainly contioiled 
by physical (acoustical oi mechanical) factois pnoi to the 
bending of hans of the sensoiy cells 
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APPLICATIONS AND LIMITATIONS OF AUDITORY 
TESTS IN SURGERY OF THE STAPES 
(Abstract) 

Samuel Rosen, 

Mount Sinai Hospital, 

New Yoik, N Y , 
and 

Moe Bergman, 

Huntei College, 

New Yoik, N Y 

The lelative sensitivity tluesholds of healing by air con¬ 
duction and bone conduction, the so-called an-bone gap, 
seem to be the most meaningful audiologic cuteiion foi the 
selection of cases foi stapes suigery In geneial, the amount 
of heaung loss does not entei ciitieally into the decision to 
opeiate, if theie is a significant an-bone gap Othei audio¬ 
logic measuies, such as the disci mnnation scoie and tests 
foi leciuitment give useful mfoimation but, m the piesence 
of a significant an-bone gap do not substantially influence 
the decision foi 01 against suigery 

A technique foi detei mining the degiee of fixation of the 
stapedial footplate, a quantitative Gelle, was descubed It is 
the authoi’s expenence that such tests aie useful only if they 
can definitely establish whether the footplate is 01 is not 
fixed at all While the less ngidly fixed footplate apparently 
can be moie easily mobilized, stapes suigery is indicated 
even in the case of a ngidly fixed stapes, since a fenestia 
ovahs can be made thiough the footplate 

Questions weie laised about the necessity of maintaining 
an intact ossicular chain foi the surgical removal of the an- 
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NEURALLY ISOLATED COCHLEA 
(Abstract) * 

Karl Lowy 
and 

Arnold A Gerall, 

Univeisity of Rochestei, 

Rochestei, New Yoik 

Sectioning of the auditory neive in the anesthetized cat 
abolishes 01 greatly 1 educes the Pl-component of the neural 
click lesponse This obseivation re-opens the pioblem of 
the ongin of the seveial paits of the click lesponse Expen- 
ments to deteimine the natuie of these components weie 
undertaken and weie leported 

♦The full paper will be published elsewhere 
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bone gap, and a case was shown wheie, despite the fiactuie 
and lemoval of the ciuia, the post-opeiative healing was 
bettei than noimal It appeals that theie is not yet a pie- 
dictable lelationship between the pie-opeiative healing test 
findings and the degree of healing improvement achieved 
thiough stapes suigeiy 


THE ACOUSTIC PROBE AND THE DETERMINATION 
OF STAPEDIAL FIXATION 

Otto H Meurman, 

Univeisity of Helsinki, Finland 

In the Febiuaiy issue of Acta Otolai yngoloyica, 1957, I 
published a leport on the use of an acoustic piobe foi deter¬ 
mination of the degiee of stapedial fixation The piesent 
papei is based, in the mam, on the same clinical measuie- 
ments and some additional technical studies 

The woik was undertaken to discovei the possible value of 
the acoustic piobe in studying the mobility of the ossicular 
chain pi 101 to mobilization, and in particulai to determine 
whethei the stapes is ngidly, oi only slightly, fixed to the 
oval window The puie tone audiogiam mostly piovides in¬ 
formation as to whethei the stapes is mobile oi immobile 
Audiometnc studies, howevei, do not leveal the degiee of 
fixation 


ACOUSTIC PROPERTIES OF THE PROBE 

Foi the clinical expenments an acoustic probe was used, 
consisting of an ordinary eai piobe attached to the bone 
conductoi of the audiometei, as lllustiated in Fig 1 The 
acoustic properties of this piobe weie measuied at the State 
Technical Reseaich Institute The punty of tone depends 
essentially upon the piessuie exerted by the piobe If tie 
piessuie is small, impuiity of tone lesults A thin piobe 
vibiates on its own lesonance frequencies, which changes \eiv 
lapidly by loading the piobe The velocity of the piobe a 
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vanous frequencies was tested with the appaiatus shown in 
Fig 2 The curves in Fig 3 indicate that the piobe, as well 
as the bone conductoi, is most sensitive at about 500 cps, 
wheie the velocity is gieatest The amount of eneigy loss 
can also be seen from the curves when compaiing the velocity 
coming thiough the piobe with the velocity of the bone con¬ 
ductoi itself Eneigy transmission is limited to about 0 1 
pei cent The second probe (see Fig 4), has a different con- 


amplitude 



stiuction the piobe itself is thickei than the fust and it is 
attached at light angle to the bone conductor Vibiation 
heie occuis along the length of the piobe, tiansveise vibiation 
being laigely eliminated Sound tiansmission is thus entnely 
alteied As shown in Fig 5, theie is seaicely any eneigy loss 
between the bone conductor and the piobe A piobe con¬ 
structed along these lines must be legalded as certainly the 
most suitable testing device, and it will be used m my furthei 
studies 


CLINICAL OBSERVATIONS 

A thieshold cuive was determined at 250, 500, 1000 and 
2000 c p s , by gently touchmg the handle of the malleus just 
below the short process, with the acoustic piobe Superficial 
cocaine anilm anesthesia was used To pieclude enoi, the 
threshold values for the same frequencies were tested also by 
keepmg the probe m the meatus without touching the meatal 
walls, malleus oi tympanic membrane The values thus ob- 
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less It is also seen that m Gioup 1 the ossicle curve shows 
values consideiably smallei than m Gioup 2 In the formei 
gioup fixation of the stapes was slight Mostly it was fixed 
only at the antenoi penphery Mobilization m these cases 
was easy and successful In Gioup 2, on the othei hand, the 
stapes was extiemely fnmly fixed In some cases mobiliza¬ 
tion failed, m some it could be effected only by fleeing both 
the antenoi and the postenoi penphery 

CONCLUSIONS 

Clinical studies show that thieshold audiogiams, lecoided 
by acoustic piobe diiect fiom the malleus handle, piesent 
values diffeimg accoidmg to the degree of fixation If fixa¬ 
tion is slight, the ossicle curve gives consideiably smallei 
values than the an conduction audiogiam If the stapes is 
solidly fixed, the ossicle healing loss at the vanous frequencies 
is distinctly gieatei than in cases with slight fixation In the 
piesence of only slight fixation, the dnect contact between 
the vibiatmg piobe and the ossiculai chain causes vibiation 
also in the stapes footplate, oi at least in a part of it With 
an mciease m the degiee of fixation, the stapes functions 
moie and moie as a part of the labyrinthine wall, and its 
vibiation is 1 educed m accoidance Fiom this it follows that, 
at least in certain cases, it is possible to determine the degiee 
of fixation of the stapes pieoperatively by means of an 
acoustic piobe 

DIRECT AUDIOMETRY IN AUDIOSURGERY * 
(Abstract) 

Francisco Antoli-Candela, 

Fernando Antioli-Candela, 

F Olaizola 
and 

L Saft, 

Madud, Spam 

Modem audiosuigery deals not only with fenestiation and 

•This abstract "was received and appeared on the official program but 
the authors were not able to be present to present the full paper 
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tamed weie always consider ably highei than those obtained 
fiom the malleus handle 

Noimally healing eais seived foi conti ol pui poses The 
aveiage threshold cuive obtained foi these eais was taken 
as the zeio cuive, by which the heaung loss in the ossicle 
curves was calculated The senes piopei is based on 30 
otoscleiotic eais, 21 of them weie opeiated upon by stapes 
mobilization aftei testing with the acoustic piobe In these 

TABLE I 


GROUP 1 


Patient 

No 

AC 
600 c,p a 

- Loss 

1000 c p a 

OC - 
600 c.p a 

Loss 

1000 c*P S’ 

1 

_ _ 40 

35 

0 

5 

5 

60 

60 

25 

30 

15 

_ 50 

45 

20 

20 

16 

. 55 

55 

30 

20 

IS _ 

50 

40 

10 

20 

19 

60 

60 

15 

5 


Mean _ 


„ 16 5 

16 5 


GROUP 2 


2 


54 

60 


35 

60 

3 



45 


40 

30 

7 



50 


45 

55 

s 


.. .. .. 65 

65 


60 

45 

9 


50 

55 


30 

40 

11 


60 

60 


30 

3^ 

13 


55 

55 


40 

3*j 







•-- 


Mean 

_ 

„ _ 

_ 


42|_ 


Group 1 Stapea fixation slight 
Group 2 Stapea fixation rigid 


cases the pieopeiative ossicle cuives could be conipaied wi 1 
the degiee of stapedial fixation noted at opeiation Tie 
following table shows the oidmaiy ail conduction healing 
loss and the lelative ossicle heaung loss (OC) at 500 an 
1000 cps m two diffeient gioups of patients In the fn s 
gioup the stapes was slightly fixed, m the second it " ras 
ngidly fixed 


A study of the table leadily shows, foi one thing, that in 
Gioup 1 the an conduction loss is much gieatei than tie 
ossicle heaung loss, wheieas m Gioup 2 the diffeience is fm 
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legion This is because the visual duection of gaze is oblique 
lelative to the internal surface of the tympanic cavity, due 
to its chaiacteristie inclination This tangential visualization 
also encounters the obstacles of the short piocess of the incus 
and both piocesses of the stapes 

We have attempted to achieve a bettei visualization of the 
footplate by means of a lengthened, pieauial incision in the 
antenoi wall of the auditory canal just at the edge of the 
tympanic bone, which at this place forms the bony poition 
of the canal This peimits the uncoveung of the edge of the 
tympanic bone The lifting of the skm that coveis both it 
and the capsure of the tempoio-maxillary articulation furthei 
permits us to extnpate small 01 laige portions of the bone 
with the drill Now we can adjust the visual angle so that it 
may be perpendiculai to the footplate of the stapes 

Furthei extirpation and laying back of skm permits en- 
laigement of the visualized space so that the footplate may 
be piojected frontally in the centei of the visual field and 
may thus be manipulated moie safely and undei bettei 
conti ol 


THE CARHART-SHAMBAUGH FORMULA USED FOR 
STAPES MOBILIZATION PREDICTION 

Frederick R Guilford 
and 

C Olaf Haug, 

Houston, Texas 

It has been geneially believed and emphasized by Rosen, 1 
Kos, 2 Sheei, 3 and otheis, that it appears impossible at this 
time to establish audiometi ically a woikable piediction of the 
lesult to be expected fiom the stapes mobilization opeiation 
It is pointed out that vanations in oval window pathology 
lesultmg m stapes fixation in laige part determine the feasi¬ 
bility of mobilization, and that the natuie and extent of this 
fixation cannot be ascertained short of exploiatory suigery 
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stapedioelasia foi otoscleiosis, but also with every technique 
foi the lecupeiation of any deafness caused by congenital 
defects m the sound tiansmission, tiaumatic lesions and sup- 
pui ated chionic piocesses of same, and its healing sequels 

With a view to leaching a moie exact pieopeiative diag¬ 
nosis, and providing befoiehand the most adequate suigical 
technique, we usually cairy out a dneet audiometry by means 
of a plastic acoustic conductoi connected to a micio-audiometei 
and placed eithei on the pathologic foi matrons of the tympanic 
cavity 01 on the basic points of the sound conduction, thus 
enabling us to find out the highest 01 lowest mtegiity of the 
tympano-ossiculai appaiatus and the permeability of the 
windows 

It also allows us, when peifoiming a mobilization opeia- 
tion, to know moie definitely when we obtain a total 01 paitial 
mobilization of the stapes and the function of the lound 
window 

Sumlai findings can be achieved if we encountei lemams of 
ossicles in the audiosuigeiy of atiesias 

NEW APPROACH TO THE INCUDO-STAPEDIAL 
REGION FOR MOBILIZATION OF THE STAPES * 

(Abstract) 

Luis Garcia-Ibanez, 

Valencia, Spam 

Oui expenence m mobilizing the stapes accoiding to the 
appioach of Rosen has not been good With that appio acl 
and woikmg on the neck of the stapes, only.one out of t iee 
patients who weie opeiated upon achieved a lesult that was 
lasting and socially useful 

Oui attempts to woik dnectly on the footplate of the stapes 
showed that it is difficult, with Rosen’s appioach, to achieve 
good exposuie and visualization of the incudo-stape 12 

•This abstract was received and appeared on the official Pf° sram 
the author uaa not able to be present to present the full paper 
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of the bone-air gap As shown by the lesults m Tables I 
arid II, the aveiage amount by which this closuie fails m oui 
senes is 14 6 db 

Tins figuie compaies veiy favoiably with the diffeiential 
of 15 db between the post-opeiative an aveiage and the pie- 
opeiative bone aveiage (oi 25 db fiom the collected bone 
aveiage), which serves as a basis foi the C-S formula In 
the fenestiation piediction it lepiesents the meveisible 
lesidual of healing deficit lesulting fiom suigical disruption 
of the lmpedence matching ossiculai cham mechanism 

TABLE in 

Stapes Mobilization—Chances for Closing Air Bone Gap 
Based on Series of 100 Cases 

% Closed Air Bone Gap _ _ „ _ ___ _ __12 9 

% Closed Air Bone Gap within 5 db ______18 


Table m fuithei illustrates the small peicentage of pos¬ 
sibility of closing the bone-ail gap completely 01 within 5 db 
This diffeiential between the post-opeiative an lesult and 
the pie-opeiative bone, which in our senes has been so much 
like that found m the fenestration situation, lequnes fuithei 
study to establish an explanation Aftei stapes mobilization, 
of course, the ossiculai mechanism has not been sacnficed 
and, theoretically, if complete mobilization is successful, heal¬ 
ing should be restoied to the level of the pie-opeiative bone 
conduction thieshold 

Middle eai pathological changes piesent at the time of 
opeiation, oi following mobilization attempts, piobably pie- 
vent this theoietical bone-air closuie These changes might 
include friction m movements of the stapedial foot plate, 
caused by bony spicules and othei irregularities of outline 
following lysis of the stapes, stretching of the mcudo- 
stapedial or mcudo-malleolai joint, fibiosis of the annulai 
ligament, tension changes m tympanic membiane and in¬ 
complete mobilization of the stapes footplate We must beai 
m mind that mechanical mobility of the stapes does not nec- 
essanly msuie adequate physiological mobility of the innei 
eai fluids 
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We lealize that the otoscleiotic focus may lesult in varying 
degiees of stapes ankylosis, sometimes pieventing successful 
mobilization, and the difficulties involved m establishing an 
accuiate formula compaiable to the fenestration prediction, 
howevei, we felt that a study of one of the fenestiation pre¬ 
diction foimulas on a senes of stapes mobilization cases em¬ 
ploying the same selection technique by the same audiologist- 
otologist team, might piovide a guide as to what could be 
expected fiom the pioceduie 

TABLE I 


Stapes Mobilization—Closing the Air Bone Gap 


Actual Result 

CS Prediction 

Average Post Op Level_ _ 27 9 db 

Average Pre-Op Bone Cond 13 3 db 

28 3 db 

13 3 db 

14 6 db 

15 0 db 

TABLE II 


Stapes Mobilization—Closing the Air Bone Gap 
Based on Series of 100 Cases 


10 Cases—Better than bone conduction avg bj - - - 

2 Cases—Same as bone conduction — 

SI Cases—Poorer than bone conduction by — — 

7 Cases—Failuies 

+4 5 db 
„ _ 0 db 
-14 66 db 

100 

Total Difference 100 Cases - 

-14 b db 


Fiom a study of 100 consecutive fenestiations m a series 
of 500 cases, the Caihait-Shambaugh' 1 foimula was found o 
pi edict the post-opeiative lesult with a high degiee of ac¬ 
curacy We have continued to use this foimula in all P ie 
operative audiological evaluations, even though the stapes 
mobilization was to be the elected procedure A pievious 
evaluation of an eaihei senes of the fust 100 stapes opeia 
tions suggested the possibility of the C-S formula foi P ie 
dictive pui poses 

It has been oui experience that stapes mobilization at 
tempts do not usually restoie complete efficiency of e 
conductive mechanism, as would be demonstiated by closure 
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have the fenestiation befoie the foui months’ post-opeiative 
test was done 

While we aie awaie that oui selection has eliminated some 
unfavoiable lesults, it has also eliminated an equal numbei 
of favorable results, as illustrated m Table V 

Table VI shows that the sample used was typical of the 


TABLE IV 

Stapea Mobilization—Comparison 1st Post Operative Test 1 to 2 Months 
Follow ing Mobilization with 2nd Post Operative Test 3 to 4 
Months Following Mobilization 
Based on Series of 100 Cases 


1st Postoperative Aterage Let el_ 

2nd Post Operatit e Average Level _ 

- - 

__ 27 94 db 

29 2S db 

Total Average Difference 

— 

- - - 

_ _ .. _ 134 db 

1st Post Operatit e Average Gain — 

2nd Post Operatit e Average Gain 

- -- - 

_ _ _ 20 56 db 

_ _ _ 19 22 db 

Total Average Difference 

- 

— 

__134 db 


TABLE 

V 


Stapes Mobilization—Post Operative Results— 

-96 Eliminated Cases 

More than 10 db 
gain and better than 

35 db let el 

Good 

35-40 db level and 
more than 10 db 
gain or 

25 35 db level and 

6 10 db gain 
Partial 

Less than 11 db 
gain and poorei than 
35 db let el 
or less than 6 db 
gain any level 
Bad 

31 Cases 

it Cases 

33 Cases 

23 09 db level 

22 7 db gain 

35 5 db 
12 21 db 

level 

gain 

51 db level 

1 97 db gain 


iange of pie-opeiative levels oidmanly encounteied m oto- 
scleiotic patients 

Oui aveiage post-opeiative stapes level, as compaied to 
the aveiage Caihart-Shambaugh fenestiation piedicted level, 
is shown m Table VII The levels of 27 94 db and 28 39 db 
lepiesent an aveiage diffeience of only 39 db In Table 
VIII the iange of vanance fiom peifect piediction is plotted 
It reveals that 48 pei cent of the cases weie eithei exactly 
piedicted or weie within 5 db of peifection, 76 pei cent of 









640 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


It is oui feeling, that given a standaidization of pie-opera- 
tive evaluation involving the same audiologist, and of suigical 
pioceduie by the same opeiatoi, the mam lemainmg vanable 
in the application of C-S foimula is the natuie and extent 
of the otoscleiotic pathology which would peimit 01 pi event 
mobilization of the stapes 

Fiom an evaluation of the distubution of mobilization 
failuies m an adequate senes, one may be able to pi edict the 
peicentage of cases which will defy successful mobilization, 
because of the anatomy and extent of otoscleiotic pathology 
Then, eliminating this gioup and leaving those who can be 
mobilized, one may pi edict, using an audiometnc foimula 
such as the C-S, what the expected level will be 

In 01 dei to investigate this possibility the most lecent 100 
cases of stapes mobilization, in which one month and foui 
months’ post-opeiative lesults weie available, weie studied 
as to the con elation of post-opeiative lesult and C-S pi edi¬ 
tion The most lecent 100 weie chosen m oidei to eliminate 
the vanable of changing suigical technique, and to take ad¬ 
vantage of the factoi of suigical expenence 

The suigical technique foi stapes mobilization used in this 
senes of cases was a vanation of the ongmal Rosen 5 tech¬ 
nique, as modified by House a Mobilization maneuveis are 
made thiough the capitulum of the stapes with cuived Rosen 
exploieis If this maneuvei does not lesult m mobilization, 
attempts aie made to mobilize the stapes via the footplate, 
as descnbed by Rosen Fenestiation of the footplate was no 
attempted in this senes Suigical audiometry, adapted fiom 
the GoodhilT technique, was used m all cases 

We chose these cases with both one month and foui -month 
post-opeiative lesults because we felt that it was impoitan 
to establish the degiee of stability of the lesults used 111 J- 11 ^ 
study Table IV shows that the aveiage change fiom f [is 
post-opeiative test to second was only 1 34 db 

This selection of necessity coveied a laige gioup of cases, 
because, although eveiy patient was contacted foi letestmg, 
many failed to letuin foi one of these tests, oi went on o 
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oui cases weie within 10 db of the Carhart-Shambaugh pie- 
dicted level Range of vaiiance is furthei depicted m Table 
IX, 53 lesults weie bettei than the C-S piedicted level by 
9 3 db, and 29 weie pooiei than the C-S level by 7 7 db, 
making a total of 82 cases that diffeied fiom the exact ful¬ 
fillment of the piediction by an average of 8 3 db Theie 

TABLE IX. 

Stapes Mobilization—Post Operatit e Lei els Compared to 
Carhart Shambaugh Predicted Levels 
Based on Results of 100 Cases 

No Cases _ 

53—Better Than CS Predicted Lei el bj _-— 9 3 db 


29—Poorer Than CS Predicted Let el bj --- _ 7 72 db 

82—Differ from CS Predicted Level by --- S 3 db 

11.. Same Level as CS Predicted Level---_0 db 

7—Failures 

100—Total Cases 


TABLE X. 


Stapes Mobilization 


Predicted Poor Result 

Good Prediction 

Less 11 db gain and 

More 10 db gain and 

Poorer 35 db level 

Better 35 db Level 

anj let el 

or More 30 db gain 
ant level 

Fulfilled Not Fulfilled 

Fulfilled Not Fulfilled 

5 Cases..6 Cases 

60 Cases _ .. ...10 Cases 

11 Cases 

70 Cases 


weie 11 who obtained a level identical to the piediction, and 
7 suigical failuies Twelve cases had a failuie lesult by our 
standaid of less than 11 db gam, together with pooiei than 
35 db level, oi less than 6 db gam any level, howevei, five 
of these cases weie piedicted to be failuies, and weie classi¬ 
fied as selection failuies and included m the piedietive com- 
panson On the otliei hand, seven had a good piediction 
and actually achieved a failuie, and these were classified 
as tiue suigical failuies and eliminated fiom the comparison 

Table X demonstiates the success of the C-S foimula m 
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TABLE VI 

Stapes Mobilization.—Range of Pre-Operative Level 
Based on Series of 100 Cases 



TABLE VII 

Stapes Mobilization Post Opeiative Results Compared to 
Carhart Shambaugh Predicted Results 
100 Cqs 6 Series 

Results based on 1st Post Operative Test, 1 to 2 Months After Mobilization ^ 

Average Pre-Operative Level — - D ^ ^ 

Oui Average Post Operative Level - - -S? 94 db 

CS Average Predicted Level 28 33 db 


Total Aveiage Diffeience 
Oui Average Post Operative Gain 
CS Average Predicted Gain 

Total Average Difference 


39 db 
20 56 db 
20 17 db 


TABLE VIII 

Stapes Mobilization 
Based on Series of 100 Cases 

Better Than CS Pied Level b> — 

21 db—111 

1120 db—11111 11111 1111 _ - 

6 11 db—11111 11111 111 - - 

i 5 db—urn mu urn mu m 

Same as CS Pred Level—11111 11111 1 - 

Pooler than CS Pred Level b>— 

1 5 db—11111 11111 1 __ _ 

610 db—11111 11111 111 

11 20 db—111 

21 db—1 „ 

Suiglcal Failures—11111 11 


4S5^ A^° 
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Stapes as a Treatment foi Otosclerosis E ESS' T Monthly, 34 569 574 
Sept. 1955 

4 Shamb tLGH, G E Jr-, and Cvriiart, R Contributions of Audi 
ologj to Fenestration Surgery Arch Otolaryngol , 54 699, 1951 

5 Rosea, S Mobilization of the Stapes to Restore Hearing in Oto¬ 
sclerosis A' T St Jour Med , 2650-2653 1953 

6 House, Hon tso Personal Communication 

7 Goodhux, V Surgical Audiometrj in Stapedoljsis Arch Otolaryn¬ 
gol , 62 504 50S 1955 


AUDITORY FATIGUE AND OCCUPATIONAL 
DEAFNESS * 

H A E VAN DlSHOECK, 
and 

A SPOOR, 

Univeisity of Leyden, 

The Nethei lands 


INTRODUCTION 


In the last seveial yeais studies dealing’ with the effect of 
noise on man weie published by the co-woikers of the Leyden 
Otological Clinic J van Gool studied the methods of lecoid- 
mg auditory fatigue and the dependence of the pattern of 
the acoustic dip on fiequency, intensity and exposuie time 
of the stimulating tone H A van Leeuwen leported on the 
occurrence of noise tiauma and noise deafness m gioups of 
employees m diffeient kinds of factones C Rol, togethei 
with A Spool, gave the lesults of laboiatory studies on the 
traumatizing effect of steady and nonsteady sounds A dif- 
feience between the Leyden investigations, and all pievious 
studies such as the well-known woiks of Temkin (1933), 
Boige Lai sen (1939), Rosenblith (1942), Kiistensen (1946), 
Krytei (1950), and the leport of the Amencan Standaids 
Association Z 24-X-2 is the use of contmuous-fi equency audi¬ 
ometry instead of octave audiometiy 


’From the Oto-Rhlno-Larj ngologlcal Department ot the Unlterslty of 
Lejden Holland (head H A. E tan Dishoeck) 
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predicting the exti ernes of good and pool lesults Of the 11 
oases Predicted foi a veiy pooi lesult, five weie fulfilled and 
six not fulfilled Of the 70 cases piedicted foi a good result, 
60 cases weie fulfilled and 10 cases not fulfilled 


In summary, it has been shown that the Caihart-Sham- 
augh foimula foi piedictmg fenestiation lesults may, ac- 
coidmg to this senes of cases, have value m piedictmg the 
stapes mobilization lesult It was shown that the aveiage 
diffeience m predicted and actual levels was low, and lange 
of vanance lelatively small It was demonstrated further 
that the aveiage amount by which oui lesults fail to close 
the bone-au gap is almost identical to that which is expected 
m using the Caihait-Shambaugh foimula foi fenestiation 
prediction The numbei of cases achieving levels close to the 
prediction was gieat, and the formula’s ability to pi edict 
good lesults appealed significant 


It is emphasized that fuithei study is necessaiv to explain 
all the leasons foi failuie to close the bone-an gap in the 
majonty of cases Limitations m the foimula’s use ha\e 
been illustiated by the fact that although the aveiage dif¬ 
ference in piedicted and actual result was small, since bettei 
and pooiei piediction lesults tend to cancel each othei, in¬ 
dividual cases may be considerably off fiom the piediction, 
also, though the foimula had considerable success in pre¬ 
dicting good lesults, it was only 45 pei cent effective in 
piedictmg very pooi lesults (5 out of 11) 

Although much moie study is necessaiy befoie we "id 
achieve a stapes foimula with the piedictive ability of the 
fenestiation foimulas, we feel that the Caihait-Shambaugh 
foimula, if cautiously inteipieted, will seive as a bettei guide 
to the expected lesult m the mobilized cases than is otherwise 
now available 


BIBLIOGRAPHY 
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be detected, and with some additional measuiements on highei 
levels the exact pattern can be established 

EXACTNESS OF CONTINUOUS AUDIOMETRY AS COMPARED TO 
OCTAVE AUDIOMETRY 

Apart fiom the gieatei information obtained by continuous 
audiometry, because the exact pattern of a healing loss is 
established, the lepioduceability also pioved to be supenoi 
Alternately thiee continuous and thiee octave audiogiams 
weie made of the same test peison by van dei Waal A gieat 
numbei of these audiograms weie studied statistically The 
mean aveiage standard deviation in continuous audiometiy 
pioved to be 2 41 db , wheieas in octave audiometry, 3 68 db 

BACKGROUND NOISE 

The gieat piactical difficulty in obtaining leliable audio- 
giams m factones is the fact that the quietest loom is not 
compaiable to a specially built silent loom of an acoustic 
laboiatoiy, howevei, bunging the factory woikeis to the 
institute is geneially not convenient The exammei, woiking 
m a relatively noisy sunoundmg and finding thieshold 
anomalies, must know what part of the measuied heaung 
loss is due to masking by baekgiound noise and what part 
can be attubuted to an acoustic taauma 

An investigation of this pioblem was made by Spool In 
a sound-tieated loom, audiogiams of peisons with normal 
heaung were taken dunng exposuie to diffeient kinds and 
levels of noise, eg white noise, mdustnal noise and octave 
band noise The audiometei was checked by using as a lefei- 
ence value the aveiage continuous audiogiam of 20 young 
peisons without evidence oi history of heaung damage It 
appealed fiom these investigations, m confnmation of earliei 
publications, that the audiogiam of a noimal test peison is 
all eady distuibed by a noise level of 20 db and moie Usmg 
telephones with lubbei cushions, giving 10-20 db isolation the 
acceptable noise level m the loom will be 30-40 db In most 
cncumstances this level can be leahzed foi high tones by 
simple noise isolation measuies, but it is often impossible for 
the low tones, consequently foi low tones the unavoidable 
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CONTINUOUS AUDIOMETRY 

In continuous audiometiy a sweep tone is piesented to the 
patient at a certain intensity level The patient’s healing 
threshold is noted by asking him to indicate at which fre¬ 
quency he begins to heai the sweep tone, and at which fie- 
quency the heaung ends By doing this at diffeient intensity 
levels a complete and veiy accuiate audiogiam can be made 
m a shoit time The pioceduie is the conti aiy of octave 
audiometiy, in which the thieshold of some selected fie- 



Fig 1 
(Peekel) 


Continuous audiometer with direct recording on 


the audiocard 


quencies is detei mined by means of a changing mtensitv 
Thus gieatei and moie exact mfoimation can be obtaine 

The Peekel-audiometei is specially built foi continuous 
audiometiy Compensation is made foi the low aiK * l *j» 
fiequencies, so that the zeio-level of the mstiument comci e 
with the thieshold level foi noimal young persons As r0 
200-8000 c/s m one sweep any level above thiesholds can ^ 
tested, this anangement makes the audiometei idea 0 
screening If somewheie a heaung loss, such as a beginn 
acoustic tiauma, exists, the localization of this loss will ahvay 
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posure time, howevei, ovei 15 minutes does not mciease the 
extent of the dip The conclusion fiom this fact is that m 
longer exposuie, auditory fatigue depends upon intensity and 
frequency alone, thus m factory woikeis the lesultmg tiauma 
might be limited by the existing noise level, and might not 
depend on the numbei of yeais of exposuie Puie tones and 
noise bands aiound and above 2000 c/s possess a gieater 
tiaumatizmg effect than lowei frequencies of the same in¬ 
tensity above thieshold 


tOO dB S 1 100 dB s' 



From these general pioperties of the acoustic dip, one may 
conclude that the notion of a special sensitivity of the C 3 
region is enoneous Consequently no theories trying to ex¬ 
plain the C- dip aie needed The origin of the illusion of a 
prefeience of the region aiound 4096 is cleaily the result of 
the measunng at this frequency in octave audiometry Ac¬ 
cordingly, the maxima of mdustiial noise traumata can be 
located at any frequencies between 2000 and 7000 c/s 

A THEORY ON THE ORIGIN OF THE ACOUSTIC FATIGUE 
AND TRAUMA 

Perhaps the tonal dip might be explained by the following 
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inacculaTy of"thfaudlSf 1 ^ 1S acceptable > aad thus an 

if th“ts a ir 3 of tft ned wth b> ' 

these unfavorable pnnnmsto “ f 0 mal Prisons undei 

logical audiograms taken undef'th 16feience value fo1 P atho ‘ 
be obtained Heaimo- i™ d tbe same cucumstances, can 
this thieshoJd shift r & f S |? S aS aige as ’ 01 smaller than, 
a dip of in db t 0t , be meaSUled Fo1 lns tance, when 

and the thieshoId shift by back - 
ieal dip thls fle( l uen cy legion is 15 db, then the 

The aveiao-e & Sllent 100m > wouId be 25 db 

a lelativelv silenf ^ ^ ° f 2 ° noimaI y° un g Peisons, taken in 
level of less n, room » having a backgiound noise 

foi the hio-Lp ^ db m eacb octave band, pioved to be 
Dadson and K ° nes ln g00c * accordance with the cuives of 
fn anna w ^ ^ Wheelei and Dlcks ^ Undei 100 c/s 
noise wac n eailn 8' loss, due to low-pitched background 
between , pieSe ^ ^ ex P enence d hsteneis the diffeiences 
of a h a \r 6 lea mgs in a silent loom and m the piesence 
hsteneis 0 gl ° Und n01Se aie smallei than m unexpenenced 

experiments with single pure tones 

Auditmy fatigue is chaiacteilzed by a tempoiary thiesh- 
use of a typical pattern—a tonal dip The thieshoId at 
, e bbe simulating tone itself is not, oi only 

ght ly distui bed The maximum of the dip is situated ap- 
X1 e y one ~half octave above this fiequency Foi dips 
th US6 a y c/s and highei tones the slope of the dip on 
cne side of the lowei fiequencies is steep and on the othei 

mi e i y iUC 111016 giadually, showing some small depiessions 
e s eepness, and thus the place of the maximum of the dip 

of tiffa o the stlmu latmg fiequency, depends on the size 
6 ip Small dips aie bowl-shaped with then maximum 

coheir ? e , qUency ^ be ex t en t of the dip depends on the 

. , 1V1 • ° bbe testees and the tiaumatizmg power of the 

i iu us n steady pure tones this powei depends on m- 
nsi y, lequency and up to a certain limit on the exposure 
time mu* the same small dip can be obtained when using 
a ceitam tone of high intensity duimg a short time, or of 
low intensity during a long time Lengthening of the ex- 
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Ranke and Reboul, the maximum of this distortion is situated 
about one-half octave above the stimulating fiequency, thus 
on the place of the maximum of the dip We assume that this 
part is damaged by such an inadequate stimulation The 
amplitude of the swinging is higher neaiei to the stimulating 
fiequency, which fact agrees with the slope of the curve and 
the place of the maximum of the dip Notwithstanding the 
relatively laige movements, this inadequate form of stimula¬ 
tion causes no heaimg sensation Perhaps the fact that m 
high intensities a puie tone sounds moie 01 less impuie, is 
due to this distortion 

Fiequent repetition of the leversible auditory fatigue, 
without sufficiently long peiiod of recupeiation, results in 
an irreveisible lesion of the oigan of Corti, that is, m an 
acoustic trauma 

FATIGUE CAUSED BY PURE TONES OR BY A WHITE NOISE 

The effect of stimulation by two puie tones pioved to be 
the combination of two sepaiate dips Consequently it might 
be possible that, if an employee is tiaumatized by a high 
pitched noise and he is tiansfened to a department having 
alow pitched noise, an additional tiauma foi lowei frequencies 
will lesult Fatigue caused by one-thnd octave bands pioved 
to be similar to the effect of puie tones 

As a white noise is the combination of a gieat number of 
fiequencies, the lesultmg tiauma will depend upon the sen¬ 
sitivity of the eai and the traumatizing powei of the different 
frequencies The frequency bands around 2000-3000 c/s aie 
dangerous, because the thieshold of the ear is low, and the 
traumatizing power of these highei tones is great The 
trauma of a white noise proved to be a bioad bowl shaped 
dip, extending fiom about 3000-7000 c/s, consequently, m 
an industrial noise the energy m the 2000-3000 c/s band is 
of great importance 

EXPERIMENTS WITH PULSE TONES AND PULSATING NOISES 

Rol and Spoor studied the traumatizing power of non¬ 
steady sounds as compared to the better known traumatizing 
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theoiy The stimulation pattern of the basilai membiane by 
a puie tone, as established by its masking effect, betrays 
what happens when acquiring a tonal dip The pait aiound 
the stimulating frequency is stiongly but adequately stimu¬ 
lated Cleaily this physiological, adequate stimulation lesults 
in the heaung of a puie tone, and none, 01 only a small 



CLASSIFICATION OF 360 IMPAIRED EARS ACCORDING TO 
THE FREQUENCY WITH THE HIGHEST HEARING LOSS 


Fig 3 Classification of 360 noise traumata according to the frequency 
" Ith the highest hearing loss 


tlneshold using, can be detected afteiwaids, moieovei, the 
peistimulatoiy loudness adaptation is piesent aiound this 
stimulating fiequency, and not above 01 below 


As is demonstiated by von Bekesy the basilai membiane 
between the stimulating fiequency and the windows suffeis 
distortion due to swinging Accoidmg to the calculations o 
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Intel nuttent stimuli aie less tiaumatizing than continuous 
stimuli of the same calculated oveiall intensity 

Increase of the pulse duiation, the pulse-iate being con¬ 
stant, causes a greatei mciease of trauma than would be 
expected from the corresponding mciease of the oveiall¬ 
intensity (see Fig 5) 

In the same way it was established that increase of the 
pulse-rate, the pulse-duiation being constant, has a greater 
influence on the traumatizing powei than on the calculated 
overall-intensity of the tone (see Fig 6) 



Fig 5 Hearing losses caused b> intermittent 2000 c/s stimuli with pulse- 
rates of 2 and 12 per sec. The upper-dashed lines indicate the hearing 
losses corresponding to the continuous stimuli of the same o\erall- 
Intensltles 


The difference between the tiauma caused by an inter¬ 
mittent puie tone and that caused by a continuous one of 
the same calculated overall intensity was maximal, viz 7 to 
12 db foi a pulse intei val latio of about 1 1 When keeping 
the pulse interval latio constant, it appealed that a pulse-iate 
of 8 pei second is more harmful than one of 2 per sec If 
both noise and supeiimposed peaks aie tiaumatizing, the 
effect of the total noise pioved to be equal to the sum of the 
tiaumatizing poweis of the components 

The well-known deafness usk cntena are calculated fiom 
the thieshold cuive of the eai and fiom the gieatei tiauma- 
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Fig 4 Schematic representation of cochlear mechanisms under!>' n S 
adaptation and fatigue. 


powei of steady sounds Intel mittent puie tones, an intermit¬ 
tent white noise, synthetically constiucted sounds imitating 
pulsing factory noises, and the lecoided noise of a pneumatic 
dull, weie used It appealed that a sound-level meter, 
whether 01 not combined with band filteis, does not give 
exact values foi the tiaumatizing powei of pulsating sounds 
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INDIVIDUAL DIFFERENCES IN SENSITIVITY TO NOISE 

It is a fact of common expenence that among woikers who 
aie exposed to the same noise intensities, consideiable dif- 
feiences m acoustic tiauma exists Even the diffeience be¬ 
tween the left and light eai of an employee can be very gieat 

As we mentioned above, the toleiance cuive (see Fig 7) 
may give us an idea of the tiaumatizmg thieshold of dif- 



Fig 7 Deafness risk criteria, empirical traumatizing threshold and 
tolerance cur\e 


ferent subjects Usually, howevei, an above thieshold method 
is employed, eithei by measuung the dip caused by a puie tone 
oi by a noise In oidei to study this pioblem, van Leeuwen 
exposed 108 eais to 2800 c/s tone of 100 db duung thiee 
minutes As a tonal dip changes very lapidly in size, the 
lesultmg dip was measuied by means of continuous audi- 
ometiy m one minute, beginning one-fourth minute after the 
cessation of the stimulating tone 


Threshold shift in db stimulus Xo of 

2800 c/s 100 db 3 minutes Ears 


0 - 2-+2 — 
5 3- 7 _ 

10 8-12 _ 

15 13-17 _ 

20 18-22 _ 

25 23-27 
30 28-32 _ 


_26—24% 

_27—25% 

__—33—31% 

_8— 7% 

-7— 6% 

_3— 3% 
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tizing of the high tones In oidei to establish this line ex¬ 
pel imentally Rol detei mined, m a numbei of testees foi 
seveial tones, the minimum stimulation necessaiy to cause 
fatigue This empnically obtained cuive differs, especiallj 
foi the so impoitant 2000-3000 c/s band, fiom the theoietic- 
ally calculated cuives (see Fig 7) It is known that the 
social validity for heaung of speech depends foi a gieat deal 
on the lange above 1500 c/s Thus, especially, excess of 



Fig* 6 Hearing- losses caused by Intermittent 2000 c/s stimuli withi a 
pulse-duration of iV-second The upper line Indicates the hearing: losses 
corresponding: to the continuous stimuli of the same o\ erall-lntensltles 


eneigy in the 1000-3000 c/s band will endangei the speech 
intelligibility 

An attempt was made to establish this tone-sensitivity in¬ 
dividually and m a quick and easy way Depaitmg fiom the 
supposition that a tone becomes uncomfortable when the 
traumatizing thieshold is leached, we asked oui testees to 
indicate at which intensity a puie tone acquires an impure 
and sharp chaiactei Indeed, the cuive m this way obtained, 
the toleiance cuive, pioved to be a good ciitenon for the 
individual sensitivity of noise (see Fig 7) 
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noisf le\el?° mblned audlo S™ms of employees In departments uith different 


dividual rhf-f 6 lesu ^ s we ma y conclude that consideiable m- 

withouf th G uZ C V n sensi ^ lvl ty exist Against 24 pei cent 

old shrft „ d ? ,ft ’ 20 per cent Pioved to have a thresh- 
shift, vaiymg fiom 15-30 db 


SE TRAUMA AMONG FACTORY WORKERS IN DORDRECHT 

level and^ptnif^^i,^ 6 coire lation between mdustual noise 
level and result,ng heanng loss, van Leeurven class,f.ed 279 
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SUMMARY 

Fiom oui studies we may conclude that a certain aveiage 
heaung loss belongs to a certain noise level Aftei some 
months of exposuie the amount of healing loss hardly depends 
on the exposuie tune any moie, but mainly on the noise level 
to which the factory woikei is exposed In a relatively short 
tune a tiauma is acquned conespondmg to the noise level, 
and theieaftei, fiom this cause the hearing loss does not 
mciease very mucin A gi eater damage may occui when the 
employee shifts woik to a department with a highei noise 
level 01 with another pitch. When m couise of time pies- 
bycusis develops, hearing loss fiom this cause is added to the 
existing acoustic tiauma Thus, a noise tiauma acquned m 
youth may be unnoticed, but at a highei age this same tiauma 
may be the cause of a healing impanment foi speech This 
eonsideiation may have important legal consequences 
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on the7.1 Vn n ? 1Sy u departments of six diffeient factones 
of Parh f °t Dmdlecht The audiogiams of the employes 
on, » W6le combmed b y considering the median 

contiols g them statls tically with a gioup of noimal 


It appealed that these depaitment audiogiams could be 
c assified accoidmg to the pi evading noise levels This fact 
agiees with the above mentioned conclusions, that, geneiallv 
spea mg, the size of the tiauma depends mainly on the quality 

an intensity of the stimulus, and not on the time of exposuie 
to noise 

In companng the audiogiams of newly appointed employees 
a tei a day’s woik, and the next morning, then capacity foi 
lecoveiy could be established In those who woiked some 
yeais m a ceitam department, this lecovery was piacticalh 
absent, moieovei, the very impoitant fact was found, that 
t e post-woiking audiogiams of the newly appointed woihers 
lesembled closely those of the oldei employees This obsei- 
vation suggests that lepeated acoustic fatigue lesults m a 
peimanent tiauma of the same size Fiom this supposition 
we may expect that m each depaitment the mean audiogiams 
of diffeient age gioups, collected foi piesbycusis, should pre¬ 
sent the same degiee of tiauma, particulai foi that depart¬ 
ment This conception pioved, indeed, to be substantially 
tiue, only a slight detenoiation occumng in the couise of th? 
yeais, which is not accounted foi by piesbycusis 

Fiom these obseivations, too, the important fact appealed 
that the peimanent tiauma is alieady acquned aftei a 1 da¬ 
tively short exposuie time 

Van Leeuwen calculated the aveiage degiee of tiauma in 
gioups of woikeis of about the same exposuie time to the 
same noise level, in oidei to see whethei theie was an mciease 
m loss m the gioups with longei exposuie to noise Since 
longei exposuie and highei age aie inevitably linked togethei 
the influence of piesbycusis was eliminated by coriecting the 
individual audiogiams It appealed that most of the damage 
is done the fust yeai of exposuie to noise 
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if the intensity of the exposuie stimulus weie laised 01 
loweied 


METHOD AND PROCEDURE 

Six listeneis, langmg in age fiom 23 to 35 yeais, served 
m this expeiiment All had noimal healing and all data weie 
collected monaurally, using the light eai 

A PDR-10 eai phone, which was encased in a doughnut-type 
cushion (NAF-48490-1) and mounted on a head band, was 
used to pioduce puie tones and noise The appaiatus pei- 
mitted the measuiement of quiet absolute thiesholds, the 
measuiement of masked tlnesholds,* and the exposuie of the 
eai to intense noise The test tone was geneiated by an 
audio oscillatoi The output of the oscillatoi was fed to an 
electionic switch, two attenuatois in tandem, a mixei, a 
matching tiansformei, and then it was terminated by the 
eai phone The output of a noise geneiatoi was passed 
thiough an attenuatoi to an amplifiei Foi the measuiement 
of masked thiesholds, the output of this amplifiei was fed 
thiough a matching tiansformei to the mixei m the tone 
cncuit When the noise was to be used as an exposuie stimu¬ 
lus, the output of the amplifiei was put dnectly acioss the 
eai phone Only high fidelity components weie used, and 
switching devices allowed the expei imentei to select the ap- 
piopnate cncuit and to keep all temnnals piopeily loaded 

Each listenei was mn individually m eight expei imental 
sessions At each session, the absolute thieshold at 4000 
c p s was detei mined, the listenei was exposed foi thiee 
minutes to a noise of unifoim spectium level (60-7000 c p s ), 
and the lecovery of the thieshold at 4000 cps was tiaced 
foi 13J4 minutes The fust determination of a post-exposuie 
thieshold was completed 15 seconds aftei the cessation of the 
noise Duung the lemamdei of the session, a thieshold 
measuie was completed every 30 seconds 

At each session a diffeient level of noise was used Theie 
weie eight levels, which langed m oveiall intensity fiom 85 
db to 120 db (ie 0 0002 miciobai) m steps of five db These 


The data for the masked thresholds are not reported 
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TEMPORARY HEARING LOSS AT 4000 CPS AS A 
FUNCTION OF A THREE-MINUTE EXPOSURE 
TO A NOISE OF UNIFORM 
SPECTRUM LEVEL * 

James D Miller, 

Indiana Umveisity, 

Bloomington, Ind 


INTDODUCTION 


The lesults of seveial experiments indicate 2 3 3 0 7 10 that the 
form of the function 1 elating tempoiaiy healing loss to the 
intensity of the exposuie stimulus is complex As the in¬ 
tensity of the exposuie stimulus is mcieased fiom a low 
value, tempoiary healing loss leraams at 01 neai zeio With 
fuithei increases in intensity, the amount of loss at fust 
positively acceleiates, and then mci eases hneaily up to high 
intensities At the highest intensities, tempoiary healing loss 
may show no furthei mci ease, 01 it may, m fact, decline, 
with an mci ease m the intensity of the exposuie stimulus 
This expei iment was designed to piovide furthei information 
on this lelationship, as well as to help answei the following 
questions 


1 How does the lelationship between tempoiaiy healing 
loss (THL) and intensity diffei fiora listenei to listener 7 

2 How does this lelationship change as the tlneshold ie- 
coveis 7 


It is well-known that wide individual differences in TH 
aie obseived when all listenei s aie exposed to the same 
stimulus 1 s 0 Answeis to the two questions listed above wou 
enable one to piedict how the same individuals would dif el 


•Thi 3 paper Is part of a thesis submitted In partial fiiinilnient uf 
requirements for the Doctor of Philosophy degree In the Depar by 

Psychology Indiana University The research v.aa supported lp p ,. or ,j 
the United States Air Force under Contract No A_F lS(600)-»71 m 1 n t 
b\ the Operational Applications Laboratory Air Research an ,£. r R PD ort 
-, \It- ffnrro Ttnun Wn u h t r. n ' T> C ThlS IS 


Command Bolling Ur Force Base. Washington 25 D 
No AFCRC-TN-56-70 4STIA Document No VD-110052 
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the noise was defined as the single measuiement, which was 
completed then The next two measuiements, which weie 
completed 45 and 75 seconds aftei exposuie, weie aveiaged to 
define the post-exposuie thieshold at 1 minute aftei the ces¬ 
sation of the noise The next foui measui ements of the thi esh- 
old weie aveiaged to defme the post-exposuie thiesholds at 
2)4 minutes aftei the exposuie me post-exposuie thieshold 
at 6 minutes aftei the exposuie was defined as the aveiage of 
the ten measuiements of the thieshold obtained between 
and 8;4 minutes aftei the cessation of the noise Likewise, 
the post—exposuie thieshold at 11 mmutes was defined as the 
aveiage of the ten measuiements of the thieshold m the 
inteival 8)4 to 13)4 minutes aftei the exposuie 

Foi each listenei, THLs weie computed foi the diffeient 
times after exposuie by subtiacting the pie-exposuie thieshold 
fiom the post-exposuie thiesholds just defined 

In older to detect and to avoid any cumulative auditoiy 
effects of this series of exposuies, the following piecautions 
weie taken Foi a given listenei, successive sessions weie 
separated by at least 48 houis Audiograms (500-8000 cps) 
were taken at the beginning of each session If these thiesh¬ 
olds weie not within six db of then values at the pievious 
session, then the session was teimmated, and the exposuie 
was delayed 24 houis 


RESULTS 

To check on the possibility that theie weie effects due to 
eithei practice oi the lepeated exposuies to noise, the pie- 
exposuie thiesholds foi the individual listeners weie plotted 
against sessions No consistent tiends appealed m these 
cuives Also, the mean THLs foi Session II to YII weie 
examined In each of these means, the slx listenei s and the 
six intensities (90-115 db ) weie lepresented, since ovei this 
portion of the experiment noise intensities and sessions weie 
counteibalanced ovei listeneis No tiends towaid gieatei oi 
smallei THLs weie noted, thus, theie was no evidence foi 
changes m THLs due to practice oi to the lepeated exposuies 
to noise 
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levels are estimates of the SPL undei the cushion The Ie\el 
m a 6-cc couplei would be about 8 db gieatei Each hstenei 
was exposed at each of these eight levels The intensity of 
the noise was 85 db at the fust session and 120 db at the last 
session The mtexmediate noise levels weie assigned to 
listeneis and sessions by means of a 6x6 latm squaie which 
was selected landomly, thus, foi Session II to VII and foi 
noise intensities 90 to 115 db, the effects of sessions and in¬ 
tensities weie counteibalanced 

The threshold measuiements weie obtained by the method 
of adjustment The hstenei contioiled the intensity of the 
tone by means of an attenuatoi which had a lange of 60 db 
with steps of two decibels, he was mstiucted to biacket his 
thieshold by manual adjustment of the attenuatoi A test 
tone was piesented foi a 15-second penod By this method 
the hstenei was allowed 15 seconds to adjust the tone to Ins 
thieshold At the end of the 15-second penod, he lepoited 
the attenuatoi leading at which he could just detect the tone 
When lepeated measuiements weie obtained, theie was a 15- 
second penod of silence between the successive measui meats 

The test tone was intei lupted once pei second by an elec¬ 
tions switch It was on foi 7 seconds and off foi 3 seconds 
The nse-fall time was 50 milliseconds Anothei attenuatoi 
was m tandem with the one that the hstenei manipulat 
Fiom tnal to tnal the expenmentei haphazaidly vaiied tie 
amount of attenuation in the second pad This was done so 
that the hstenei would not be influenced by his settings on 
pievious tuals 

Tempoiaiy healing loss (THL) is defined as the diffeience 
m decibels between the pie-exposuie thieshold and the pos 
exposuie thieshold The pie-exposuie thieshold was define 
foi each hstenei as the mean of five deteimmations of tie 
thieshold which weie obtained immediately befoie each ex 
posuie It was desuable to obtain the most lehable measuie 
of the THL pioduced by each intensity of the noise a ei 
vanous penods of lecoveiy Foi this puipose the followrng 
vanables weie defined foi each hstenei at each session 
post-exposuie thieshold at 15-seconds aftei the cessation ° 
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cessation of the noise loughly paiallel the THLs 15 seconds 
aftei the exposuie Although not shown m Fig 1, the einves 
foi the THLs 2*4 minutes and 11 minutes aftei the exposuie 
seem to fit into the family of cuives The mean THL foi the 
different times aftei exposuie is given foi each intensity of 
noise m Table I 

Because of individual diffeiences, the basic lelationships 
among THL, time aftei exposuie, and the intensity of the 
noise may be distoited by avei aging all listeneis togethei It 


TABLE i 

THE MEAN THL AT 4000 CPS FOR DIFFERENT TIMES AFTER THE 
EXPOSURE AND EACH OVERALL INTENSITY OF THE NOISE 


Time After INTENSITY OP THE NOISE 


Exposure 

85 

30 

95 

100 

106 

110 

115 

120 

15 seconds _ 

_4 0 

44 

93 

14 5 

23 7 

28 5 

38 3 

46.2 

1 minute _ 

_6 

IS 

37 

9 S 

14 5 

17 9 

26 0 

27 5 

VA minutes 

-22 

33 

53 

90 

13 0 

15 6 

21 0 

22 1 

6 minutes 

_11 

1 6 

32 

66 

9 8 

13 0 

17 3 

15 2 

11 minutes_ 

____11 

13 

2 6 

5 9 

S 4 

11 9 

14 5 

12 7 


is important to examine the data for the individual listenei, 
and the data aie plotted in this way in Fig 2 

Considei the data foi JF shown in panel A The THLs 
determined 15 seconds, 1 minute, and 6 mmutes aftei the 
exposure aie shown by the open cucles, the filled cucles, and 
the squaies lespectively Ovei then eaily portions these 
curves aie positively acceleiated, and then they become almost 
lmeai That is, once THL has become as laige as 15 oi 20 
db, the lemammg portion of the curve can be appioximated 
by a stiaight line with a slope of about two 

The curves foi the othei listeneis show eithei an mveision 
oi a leveling off when the highest intensities aie leached 
This fact will be discussed latei Foi the piesent pui poses, 
only the data up to a point of the mveision oi leveling off 
will be considered Tins is done by finding foi each listenei 
the noise intensity at which the curve in Fig 2 foi THL 6 
minutes aftei the exposuie eithei shows a maximum oi levels 
off An anow indicates this intensity foi each listenei All 
THLs foi intensities to the light of the anow aie disiegaided 
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NOISE INTENSITY IN SPL oa 


ieiTifcv 1 ^ Temporary hearing loss at 4000 c p s as a function of . 

„° r a ^-minute exposure to white noise The parameter Is the uiu- 
six listener 6383,1 ° n of the nolse Each point Is the mean of the results for 


the la 
time 


A plot of THL against the intensity of the noise is shown 
m ^ Each point is a mean based upon the lesults fiom 
the six hsteneis The paiametex is time aftei exposuie 
The cuive for the THLs detei mined 15 seconds aftei the 
exposuie is positively acceleiated ovei its eaily portions, 
and then it becomes appioximately lineai with a slope of 
about one and one-half Except foi the exposuie to 120 db, 
the cuives foi the THLs one minute and six minutes aftei the 




INTERNATIONAL CONFERENCE ON AUDIOLOGY 


665 


cessation of the noise loughly paiallel the THLs 15 seconds 
aftei the exposuie Although not shown m Fig 1, the cuives 
foi the THLs 2)X minutes and 11 minutes aftei the exposuie 
seem to fit into the family of cuives The mean THL foi the 
diffeient times aftei exposuie is given foi each intensity of 
noise m Table I 

Because of individual diffeiences, the basic lelationships 
among THL, time aftei exposuie, and the intensity of the 
noise may be distoited by avei aging all listeneis togethei It 


TABLE i 

THE MEAN THL AT 4000 CPS FOR DIFFERENT TIMES AFTER THE 
EXPOSURE AND EACH OVERALL INTENSITY OF THE NOISE 


Time After 
Exposure 

S3 

INTENSITY OP THE NOISE 
90 95 100 105 110 

115 

120 

la seconds 

_4 0 

44 

93 

14 5 

23 7 

28 5 

38 3 

46.2 

1 minute _ 

_6 

IS 

3 7 

9 S 

14 5 

17 9 

26 0 

27 o 

2Ira minutes 

_22 

3 3 

53 

90 

13 0 

15 6 

210 

22 1 

6 minutes _ 

_11 

16 

32 

66 

9 S 

13 0 

17 3 

15 2 

11 minutes _ 

_11 

13 

2 6 

5 9 

S 4 

11 9 

14 5 

12 7 


is important to examine the data foi the individual listenei, 
and the data aie plotted in this v r ay m Fig 2 

Considei the data for JF shown m panel A The THLs 
detei mined 15 seconds, 1 minute, and 6 minutes aftei the 
exposuie aie shown by the open cncles, the filled cucles, and 
the squaies lespectively Ovei then eaily portions these 
cuives aie positively acceleiated, and then they become almost 
lineal That is, once THL has become as large as 15 oi 20 
db, the lemammg portion of the curve can be appioximated 
by a stiaight line wuth a slope of about two 

The cuives foi the othei listeneis show eithei an mveision 
oi a leveling off when the highest intensities aie leached 
This fact wall be discussed latei Foi the piesent pm poses, 
only the data up to a point of the mveision or leveling off 
will be considered This is done by finding foi each listenei 
the noise intensity at which the curve m Fig 2 foi THL 6 
minutes aftei the exposuie eithei shows a maximum oi levels 
off An anow indicates this intensity foi each listenei All 
THLs foi intensities to the light of the anow aie disiegaided 
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NOISE INTENSITY IN SPL 0 a 


Fig 1 Temporal - } hearing loss at 4000 cps as a {ULptpr Is the time 
tensity of a 3-minute exposure to white noise The the results (or 

after the cessation of the noise Each point is the mean oi 
six listeners 


A plot of THL against the intensity of the noise is show n 
in Fig 1 Each point is a mean based upon the iesu ’ ^ 
the six hsteneis The paiametei is time aftei e ^ pos 
The cuive foi the THLs detei mined 15 seconds at 
exposuie is positively acceleiated ovei its eaily P® 1 1 ^ 
and then it becomes appioximately linear with a sop 
about one and one-half Except foi the exposuie to - ’ 

the cuives foi the THLs one minute and six minutes aue 
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NOISE INTENSITY IN SPL oa 

Fisr 2 Curves for IndMdual listeners showing: THL at -1000 cps 
against the intensity of a 3-minute exposure to white noise The P a £ aia f i 
is the time after the cessation of the noise The arrow In each 
indicates the intensity above which the 6-mlnute cur\e either le>eia 
or declines 


Undei these conditions, examination of the data shown m 
Fig 2 suggests that foi a given listenei the curves foi the 
thiee diffeient times aftei the exposuie can be supei posed 
by shifting then positions along the intensity axis 

In Older to facilitate compaiisons among the listeneis, P 3l t 
of the data of Fig 2 aie leplotted m Fig 3 The uppet 
panel shows the THLs 16 seconds aftei the exposuie, ana 
the lowei panel shows the THLs 6 minutes aftei the e\- 
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TIME AFTER EXPOSURE IN MINUTES 

Fig: 4 Recovery of the 4000 c.p s. threshold after a 3-minute exposure 
to trhite noise. Each panel shows the data for an individual listener 
The parameter Is the over-all Intensltj of the noise. 


covery curves aftei exposuie to the “low” noise intensities 
aie remaikably independent of the noise intensity Also, 
listenei JF did not show a maximum m his curves foi THL 
plotted against noise intensity (see Fig 2) The lecovery 
cuives foi JF m panel A of Fig 4 all have much the same 
shape 

The maiked change m late of lecovery m the lesults of the 
expei iment leported heie cannot be explained leadily by 
assuming that some piotective mechanism of the eai simply 
1 educed the effective stimulation of the mnei eai duiing the 
duiation of the exposme It would seem that such a mechan- 
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posuie These cuives have been “amputated” as suggested 
m the pievious paiagiaph It can be seen that the shapes 
of the cuives aie highly similai foi all hsteneis Inspection 
of these giaphs suggests that the mam diffeience among 
hsteneis is the position of the cuive along the intensity axis 
Of couise, this conjectuie can be conect only foi the THLs 
up to the intensity at which the inveision 01 leveling off 
occuis 


An inveision 01 shaip deeeleiation in cuives showing THL 
as a function of the intensity of the exposuie stimulus will 
now be discussed With an exposuie stimulus of about 120 
db , Egan, 4 using white noise, and Davis, et al , 2 3 using puie 
tones, also found this effect Davis, et al, add that the in¬ 
tensity at which this “bend-ovei” occuned vaned fiom hs- 
tenei to listenei and foi a single hstenei fiom day to da> 
These mvestigatois intei pi eted then lesults to mean that 
some piotective mechanisms of the eai, such as a conti action 
of the mtia-auial muscles oi a change in the mode of vibia- 
tion of the stapes, attenuates the effective stimulation of the 
mnei eai Refeiiing back to Fig 2 above, if one weie to 
look at only one cuive at a time, then the data would fit 
into the pattern descubed by Egan and by Davis, et al 


The natuie of the change that takes place aftei T 
leaches a maximum can be best lllustiated by plotting ft* 1 
each listenei the family of lecoveiy cuives with the intensi \ 
of the noise as a paiametei Fig 4 shows the data plot e 
in this way These aie essentially the same data as shown 
in Fig 2, but the data foi moie times aftei the exposuie an 
fewei intensities aie given 


The lecoveiy cuives foi BG and RM given in panels B anj 
D show an effect piesent in the data foi all hsteneis wi 1 
the exception of JF Recoveiy fiom the moie intense ex 
posuies is so lapid that the lecoveiy cuive ciosses the ie 
coveiy cuives foi the less intense exposuies This cl ° Sb ’ ! ^5 
of lecoveiy cuives can be noted also in the data of SW, 
and LH This change in the late of lecoveiy is quite ^ 
matic, as can be seen by examining the lecoveiy cui 
befoie the “bend-ovei” is leached The shapes of the ie 
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CLINICAL BONE CONDUCTION AUDIOMETRY 
AT THE FRONTAL BONE 
(Abstract )* 

R F Naunton, 

Uruveistty of Chicago Clinics, 

Chicago, Ill 

Oui inteiest m clinical bone conduction audiometry steins 
duectly fiom eaily tuning folk days when the value of com- 
pai lsons between an conduction and bone conduction healing 
was very well lecognized The level of intei est cunent 50 
or moie yeais ago is well illustrated by the fact that at that 
time Quin was able to quote well ovei 200 papeis concerned 
with bone conduction healing, and foi the most part oui in¬ 
tei est has diminished very little smce the advent and develop¬ 
ment of the electrical audiometei Some accept bone con¬ 
duction audiometiic test lesults at then face value, otheis 
emphasize then value and accuiacy, and theie aie a few 
otologists and audiologists, peihaps the moie discilmmatmg, 
who have no confidence at all m such measui ements, and 
who have little oi nothing to do with them 

The almost umveisal piactice of carrying out bone conduc- 


•This paper has been published in full In Archives of Otolaryngology 
66 2S1-298 1957 
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ism would ieduce the eaily THLs as much as the THLs at the 
latei times aftei the exposuie 

SUMMARY OF RESULTS 

1 The shape of the cuive i elating THL to intensity of the 
exposuie stimulus is neaily the same at diffeient times after 
the cessation of the noise The mam effect of time after 
exposuie is to shift the position of the cuive along the in¬ 
tensity axis 

2 The shape of the cuive lelating THL to noise intensity 
is neaily the same foi all listeneis The main diffeience 
among listeneis appeals to be the position of the cuive along 
the intensity axis 

3 Foi THL >15 db , the lelationship between THL and 
noise intensity foi the individual listenei can be appio\imated 
by a stiaight line with a slope of about two 

The above conclusions aie qualified by the fact that a 
leveling off oi maximum m the cuives i elating THL to noise 
intensity occuis for most listeneis, once the noise mtensi > 
becomes as gieat as 110-120 db Individuals appeal to di ei 
with legald to the intensity at which this effect fust occuis 

With legald to individual diffeiences in susceptibility to 
tempoiaiy heaimg loss, the following hypothesis is ten a 
tively pioposed A given listenei’s position m a fiequenc 
distubution of THLs, when all listeneis aie exposed an 
tested under the same conditions, will depend upon ' 
factois 1 the position of his cuive (THL against nois 
intensity) along the intensity axis, and 2 the mtensi) 
which this cuive shows a leveling off oi an inveision 
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use of both, air conduction and bone conduction leeeiveis on 
the same eai 

Othei observations by Barany led to the conclusion that we 
may do better in clinical bone conduction tests if we place 
the bone conduction receiver on the fiontal bone, inertia and 
cartilage conduction would thus be reduced or abolished, 
theie would piobably be less mtei-subject valuation in bony 
contoui, and it is fai simplei to apply a bone conduction re¬ 
ceiver to the fiontal bone than to the mastoid, and fai easiei 
to be sure of reproducing the test conditions as tests are re¬ 
peated One distinct advantage of the fiontal bone site is 
the erei-present lemindei that the eais aie being stimulated 
equally, and that masking is almost always lequiied, raoie- 
o\ei, while using a fiontal bone conduction leceivei the two 
ears may be eoveied by air conduction leeeiveis, and masking 
tones may very conveniently be fed to either eai at will 

One minor and leadily o\ ei come disadvantage of the 
fiontal site is that at most test tone frequencies more powei 
is lequired to leach the threshold of heaung than is lequiied 
at the mastoid bone 

The importance of the size of the fiontal sinuses m bone 
conduction measurements of this tvpe remains an uncertain 
quantity, but it is one that must be examined further 

If we are to consider seriously the possibility of making 
bone conduction measurements at the frontal bone while our 
listeneis weai a pair of an conduction leeeiveis, we must 
learn a good deal more than is generally known at piesent 
concerning the occlusion effect m pathological ears We 
must m particular know whethei cases with pathological heal¬ 
ing will show occlusion effects resembling those shown by the 
normal ear Such evidence as there is, suggests that tire 
normal occlusion effect will be 1 educed in the case with a 
pathological middle eai by an amount equal to the magnitude 
of that ear’s conduction deafness 

In an attempt to gam furthei information on this and othei 
ielated problems, about 500 eais were tested, audiometncally, 
some had visible middle ear changes of various types, some 
had otoscleiosis, and some had neithei visible changes nor 
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tion tests with the leceivei applied to the mastoid process of 
the tested eai is perhaps unfortunate, because it encourages 
the false notion that the opposite 01 untested eai leniams m 
splendid isolation, sepaiated fiom the test tone just as effec¬ 
tively as is lecognized to be the case in an conduction tests, 
howevei, the inadequacy of bone conduction isolation has 
now been accepted, and the resulting and almost invaiiable 
need foi masking is well lecognized, but we still adheie to 
the mastoid piocess, a site with veiy little to lecommend it 

Baiany, many yeais ago suggested, with cleaily stated 
reasoning, that the mastoid process was far from being the 
best site of application foi the bone conduction receiver in 
clinical tests All of oui present measures of bone conduction 
hearing aie confused to some extent by reflections of middle 
ear function, an inevitable lesult of inertia bone conduction 
healing and othei factors, of all the possible sites available 
foi a bone conductor leceivei, the mastoid piocess will give 
us the greatest confusion, because at this site meitia bone 
conduction is at a maximum Baiany also pointed out tia 
clinical bone conduction healing will mciease as the receiver 
is moved closei to 01 into contact with the cartilage o ie 
external eai, anothei aigument against the adequacy o 
mastoid site Theie aie numeious othei disadvantages en 
tailed m using the mastoid piocess, mastoids vaiy "i ® 
m tissue density and "the most sensitive spot of the nras 01 
vanes m position fiom individual to individual Otoog 1 
who have earned out bone conduction tests will agiee 1 
it is often impossible, using a double headset with an a^ 
conduction and a bone conduction leceivei, to pe~isuac e 
bone conduction vibiatoi to do moie than peich piecario 
behind the listener’s eai, and the choice of apphea lon ^ eat j 
disappears when the receiver can be made to stay on ie 
in only one position Anothei difficulty encounteie ^ 
production of oiigmal test conditions, in terms of app 
site and piessuie, as tests aie repeated from time ° 

A final objection to the mastoid type of bone conduc 10 
is that the tested eai must remain exposed to any an 
ambient noise dunng the test, because our orthodox ^ eoU3 
duction leceiveis aie too laige to peimit the simu 
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The points mentioned lead to the conclusion that clinical 
bone conduction audiometry, earned out with occluded ears 
and with a fiontal bone conduction leceivei, is well worth 
senous consideiation Oui orthodox techniques lesemble 
efforts to compare the weights of a numbei of men, any of 
whom may be concealing 15 db of lead about then peisons 
Occluded fiontal bone tests will ensuie that, whethei “built-in 
occlusion effect” is piesent 01 absent, we derive a far less 
inaccurate measure of coehleai leserve 

The observations descubed weie made m the course of a 
series of small scale piobes into the question of clinical bone 
conduction healing The lesults suggest that well planned 
attacks on the pioblem aie likely to be lewaidmg 


PROPOSED AUDIOLOGY CENTRE OF THE NATIONAL 
CENTRE FOR THE DEAF IN INDIA 
(Abstract) 

C A Amesijr, 

Bombay, India, 
and 

C Satyanarayana,* 

Madias, India 

Foi the past few years it has been the earnest endeavoi of 
the Government of India of finding ways and means to 
quicken the pace of rehabilitation of the handicapped persons 
With this object m view, the Committee on Deafness was 
appointed m 1952, and the Deaf Seminar held m September, 
1955, which was ably piesided by Shu U A Basiuikai 

Di C A Amesui, who has published a papei on “Lip 
Reading 1 ’ ml J 0, October, 1950, and "Rehabilitation of 
the acoustically handicapped” m the I J 0 , December, 1952, 
was requested by the Ministry of Education to give a talk on 
"Recent Piogiess m the Treatment and Prevention of Eai 

•Stanlej Medical College Madras India. 
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otoscleiosis A fiontally applied bone conduction leceiver 
was used thioughout, and all the cases weie tested in each 
o wo ways fust, bone conduction with unoccluded 01 open 
eais, and second, bone conduction while the eais weie oc- 
c u e with a pan. of standaid ail conduction leceivers 
as ng Avas used m adequate amount to sepaiate the function 
o the two eais The diffeiences between the unoccluded and 
e occluded bone conduction thiesholds weie accepted as 
occlusion effects, and it became cleai that most of the cases 
with noimal middle eais, whethei deaf oi otherwise, showed 
the expected occlusion effect of about 15 db at 250 and 500 
c/s, a lessei occlusion effect at 1000 c/s, and no occlusion ef¬ 
fect at 2000 and 4000 c/s 

It also became cleai that the majoiity of the cases with 
middle eai changes showed no occlusion effects at any test 
tone fiequency, lnespective of the size of the au conduction 
loss piesent One furthei obseivation was that at some test 
tone fiequencies the cases with middle eai lesions and mod- 
eiate an conduction healing losses showed bone conduction 
thiesholds bettei, on the aveiage, than the unoccluded normal 
eais’ thiesholds In othei Avoids these obseivations demon- 
stiated the piesence, m cases of mild middle eai deafness, of 
Avhat has been lefened to foi veiy many yeais as “piolonged 
bone conduction healing” It should be added that the phe¬ 
nomenon has often been leferied to as “the illusion of pio- 
longed bone conduction ” 

It has been pointed out above that the cases Avith moderate 
middle eai deafness had bettei than noimal bone conduction 
healing, and that these same cases aviII sIioav no fmther im- 
piovement in bone conduction healing Avhen then eais aie 
occluded, but the noimal eai’s bone conduction healing 
impiove Avhen the eai is occluded and comes up to the le\ej 
of the pathological cases with “piolonged bone conduction 
Theie is, theiefoie, some justification foi stating that the 
pathological middle eais aie behaving as though they weie 
in a peimanently occluded state, a state the authoi has tenta 
tively labelled “built-m-occlusion ” This may be a misleading 
teim, and comments must be limited to the obseivations that 
the effects aie veiy similai m terms of fiequency distiibution 
and of magnitude 
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false seeunty In Denmaik the pui chase of hearing aids is 
based on tendeis m oidei to stimulate competition The 
individual healing aids are contioiled by an “artificial ear” 
at the Heaung Centei, the plotted frequency curves aie filed, 
and the individual heaung aids legisteied on index caids so 
as to have detailed account of the commonest defects Based 
on this file of defects, standaids aie piepaied for improve¬ 
ments in new types of heaung aids The fitting of the hear¬ 
ing aid is based on a close coopeiation between engineers and 
physicians 

The capucious pioblem in the matter of fitting hearing 
aids is training m the use of the appaiatus It is of the 
greatest importance that the patients peisevere for the fust 
month until they have adapted themselves to the aid and its 
secondary noises All the patients aie leferred to couises of 
up to four hours’ instruction, and moie than 50 per cent of the 
patients are tiamed m lipreading, heaung training, and speech 
conection Thiough leports of the 63 teachers of patients 
with defective heaung, opeiatmg in the area of the Heaung 
Centers, we are able to check the conectness of the rehabilita¬ 
tion piocess Particularly difficult cases aie lefened, and 
admitted to the college foi hard-of-heaung adults at Fiede- 
ncia, a rather unique institution, unknown m most other 
countries The tiaimng of childien is supei vised by traveling 
teachers who visit the individual homes of the childien about 
eight times a year When necessary, vocational guidance is 
instituted 

A re-examination of the fust 8,000 patients of the Heaung 
Centei in Copenhagen showed that only 4 per cent of the 
patients failed to use their hearing aids The le-exammation 
was based on questionnanes, mquiiies of personal friends, 
and lepoits fiom the teacheis The small figuie should 
hence be considered reliable, and be taken as an indication of 
the method applied by the Heaung Centei, and classifica¬ 
tion of the patients Seventeen pei cent of the applicants are 
not provided with hearing aids, either because their deficiency 
is not sufficiently pionounced oi because they suffei from 
types of defective hearing which aie not remedied by heaung 
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Diseases” at the Deaf Seminal, published in I J 0, Decem- 
bei, 1955 The Semmai accepted his following lesolutions 

1 That a model Audiology Centie be set up by the Govern¬ 
ment of India, 

2 That smallei audiological units should be attached to all 
teaching hospitals, 

3 That rehabilitation of laiyngeetomized patients be un- 
dei taken 

On Octobei 5, 1955, Government of India established the 
National Advisoiy Council foi the Education of the Handi 
capped (Resolution No F, 1-34-55, D-2, dated Januaiy 9, 
1955), and nominated the authoi on that body 

The Council, at its fust meeting, held in Octobei, 1955, in 
the Council Hall of the Lok Sabha, elected the authoi on its 
Standing Committee 

The Co-authoi woiked out the cost of such a centie, which 
the authoi placed befoie the Council, which accepted tic 
same, on the following day The cost of constiuction and an 
appiopnate annual budget will be discussed 

The authoi s acknowledge then debt to many colleagues in 
Euiope, the United Kingdom and the United States 

DISCUSSION 

H W Eyvertsen, Copenhagen, Denmaik In Deninaih^e 
now have six yeais’ experience with the State Healing 
habilitation Centies, of which theie aie thiee, in coopeia io 
with a special childien’s clime Eveiy Danish inha * f 1 ' 
with heaung Doubles of ehionic chaiactei, is allowe * 
admission to the lehabilitation piogiam, including 
tion by otologist, acoustic evaluation by puie tone and spe 
audiometiy, fitting of healing aids, vocational gui an 
teaching and follow-up 

The expeilence of the Copenhagen Hearing S ^ r ° 1 ' n g 

beyond doubt the necessity of a cuilent conti ol of all iea ^ 
aids supplied to patients Official authoiization ^ as ® c , ° r t 
few selected specimens pioved quite inadequate, P l0VK 
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Terence Cawthorne, London 
Kenneth Harrison Manchester 
Gavin Livingstone Oxford 
A Edwin Stevens London 
Ivan Alexis Tumarkin Liverpool 

INDIA 

C Satv anarayana Madras 

IRAQ 

M Shawaf Baghdad 

IRELAND 

Brian O Brlen Dublin 
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Rudolph Wertb Tel Aviv 
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ITALY 

Michele Arslan Padua, 
Ettore Bocca Milan 
A. C Holland Milan 
E Pirodda Cagliari 
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aids Pei sons, who on account of mental insufficiency aie 
unable to manage the healing aid, aie not supplied 

As compaied with all othei medical caie, the audiological 
rehabilitation of the hai d-of-heai mg pel sons must be con 
sideied an inexpensive and efficient measuie, which often 
totally changes the entile outlook on life of the patient 
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UNITED STATES 

W Lloyd Graunke, 

Knoxville, Term 
Glenn J Greenwood 

Ixis Angeles, Calif 
Hildred A. Gross Detroit, Mich 
John Guerriero New York, N Y 
Frederick R. Guilford 

Houston Texas 
Ursula Hahn Chicago Ill 
George Harbold Pensacola Fla 
William G Hardy Baltimore Ud 
J Donald Harris 

New London Conn 
Harriet L. Haskins, Baltimore Md 
C Olaf Haug Houston Texas 
Claude S Hayes Atlanta Ga 
LeRoy D Hedgecock, 

Rochester Minn 

George Herman Ann Arbor Mich 
A C Hilding, Duluth Minn 
Ira J Hirsh SL Louis Mo 
Arthur L. Holcomb 

Los Angeles Calif 
W H Hopmeier St. Louis Mo 
L LeRoy Horne Wilmington, Dela. 
Clarence V Hudgins 

Northampton Mass 
Robert J Hunter Philadelphia Pa 
Llovd A Jeffress Austin Texas 
James F Jerger Chicago III 
E W Johnson Los Angeles Calif 
Kenneth O Johnson 

San Francisco Calif 
Maurice Joseph New Orleans La. 
Mrs Pauline Joseph 

New Orleans La 
Jacqueline Keaster 

Los Angeles Calif 
John W Keys Norman Okla. 
Elizabeth C Kimble Atlanta Ga. 
Rhoda H Kimmel 

Minneapolis Minn 
Robert B King SL Louis Mo 
Darwin M Knapp 

Wilmington Dela. 
Ralph W Knewitz 

East SL Louis HI 
Heinrich G Kobrak Detroit, Mich 
Harriet Green Kopp Detroit Mich 
Lennart L. Kopra Austin Texas 
George Kurtzrock Gainesville Fla 
Paul J LaBenz Nashville Tenn 
Helen S Lane St. Louis Mo 
W B Larkin Marshfield WIs 
Frank M Lassman 

Minneapolis Minn 
Joyce F Lassman Evanston Ill 
Merle Lawrence Ann Arbor Mich. 


UNITED STATES 

William H Lichte Columbia Mo 
J C R Licklider Cambridge Mass 
Charles Lightfoot Chicago, Ill 
John R. Lindsay Chicago Ill 
Edgar L Lowell Los Angeles Calif 
Karl Lowv Rochester N Y 
S F Lybarger Pittsburgh Pa 
Richard E Marcus Winnetka Ill 
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Malcolm McCoy 
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M A. McGinnis SL Louis Mo 
Mary McDermott, DetroiL Mich 
Ludwig Michael Dallas Texas 
James D Miller Bloomington Ind 
James E Miller SL Louis, Mo 
Maurice H Miller New York N Y 
William E. Miller Wichita Kans 
Lucv M Moore East Lansing Mich 
Clayton Mullin SL Paul Minn 
C S Mumma Los Angeles Calif 
Helmer R Myklebust Evanston Ill 
Ralph F Xaunton Chicago Ill 
William D Neff Chicago Ill 
Haves A. Newby Palo Alto Calif 
Walker Nichols Chicago Ill 
Max H O’Connell 

San Antonio Texas 
John J O’Neill Columbus O 
Herbert J Over Columbus O 
Charles D Parker Iowa Citv Iowa 
Antares Parvuleson 

Washington, D C 
Frances Patton Lafayette Ind 
Miriam D Pauls Baltimore Md 
Earl Peterson Minneapolis Minn 
David A Pohlman Pasadena, Calif 
Bruce Proctor Detroit Mich 
Geraldine M Purcell Detroit, Mich. 
Grant Rasmussen Betbesda Md 
Mrs Lorraine A. Roblee 

Washington D C 
Jack Rosen Cleveland 0 
Samuel Rosen New York, N Y 
Philip E Rosenberg 

Philadelphia Pa. 
H. Rosenberger Cleveland, O 
Walter A Rosenblith 
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Wayne Rudmose Dallas Texas 
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Shigemi Fujisaki, Osaka 
Minoru Muta, Osaka 
Fumio Nakamura Kvoto 
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W A Sultana, Sliema 
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Pedio Berruecos, Mexico Citv 
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J J Groen, Utrecht 
H A E van Dlshoeck Lexder 
Henk C Huizing, Gioningen 
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UNITED STATES 
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Moe Bergman New York X 1 
Robert C Bilger, SL Louis Mo 
Lester A. Brown, Atlanta, Ga, 

W T K Bryan, St Louis Mo 
Clarice Bryant, Chicago Ill 
Joseph A Butler, Chicago Ill 
Peter Campanelli Chicago, Ill 
Norton Canfield, New Haxen, Conn 
Raymond Carhart, Evanston, Ill 
Claire Cooper Nashville Tenn 
Mary R Costello Detroit Mich 
James B Costen, St Louis Mo 
Walter P Covell, St Louis, Mo 
J R Cox, Jr, St Louis Mo 
Norman W Crane, New York \ I 
Catherine Lee Cubert, Chicago, III 
Haiold Cutler St Louis, Mo 
Arne Darbo Minneapolis Minn 
Morris Davidson, St Louis, Mo 
HalIow r ell Davis, St Louis Mo 
K M Day Pittsburgh Pa 
Bruce Deatherage St Louis Mo 
A J Derbj shire Detroit, Mich 
Donald G Doehring, 

Pensacola Fla 

Leo G Doeifler Pittsburgh Pa 
Mrs Marion P Downs 

Denver Colo 

John J Dreher Columbus, 0 
Richard H Ehmer, 

New London Conn 
Donald H Eldredge St Louis Mo 
Aubie> Epstein, Pittsburgh Pa 
C F Esselbrugge St Louis Mo 
Jane Farley, Chicago, Ill 
Harvey Fletcher Provo, Utah 
Robert D Frisina 

Washington D C 
Frank Frueh Indianapolis, Ind 
John H Gaeth Detroit, Mich 
Robert Galambos 

Washington D C 
Warren H Gardner, Cleveland 0 
VIctoi P Garwood 

Los Angeles Calif 
Arnold A Gerall LawTence Kans 
Henning E von Gierke Daxton 0 
Harrj N Glick St Louis, Mo 
Aram Glorig Los Angeles Calif 
Cornelius P Goetzinger 

Kansas City, Kans 
Robert Goldstein St Louis Mo 
Victor Goodhill Los Angeles Calif 
Allan Goodman SL Louis Mo 
A. Bruce Graham, Detroit Mich 

Rufus L Grason 

West Concord Mass 



PROGRAM OF THE AMERICAN OTOLOGICAL 
SOCIETY, INC 

Fairmont Hotel, San Francisco, Calif, May 17-18, 1958 

Anatomical Structui e of the Stapes and the Relation of the 
Stapedial Footplate to Vital Parts of the Otic Labyrinth 
Barry J Anson, M D , and Theodore H Bast, M D 

Repair and Consequences of Trauma to the Stapes and Oval 
Windoiv in Experimental Animals 

Richard J Bellucci, M D , and Dorothy Wolff, M D 

The Action of the Sense Organ of the Cochlea, Particularly 
from the Point of View of Neurophysiology and the Excita¬ 
tion of Nerve Impulses _Hallowell Davis, M D 

Observations on Temporary Threshold Shift Resulting fiom 
Noise Exposure _Aram Glong, M D 

Congenital Stapes Fixation ____ Ho ward House, M D 

Physiological Mechanisms in Stimulation Deafness 

Merle Lawrence, M D 

No Subject Assigned_John R Lmdsay, M D 

Portmortem Findings in Temporal Bones of Animals and 
Humans __H F Schuknecht, M D 

Studies Concerned with Tubo-tympanitis 

Ben Sentuna, M D 

Neurological Survey of the Children at Central Institute for 
the Deaf and Analyzed Residts m Relation to Their Audio- 
grams, Their Educational Advancement, Their Social Ad¬ 
justment, etc 

R S Silverman, Ph D , and Hallowell Davis, M D 

A Study of Destructive Labyrinthotomy 

K M Simonton, M D 

Further Studies on the Function of the Utricular Macula 

J A Sullivan, M D , Walter Johnson, M D , 
and Brydon Smith, M D 
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UNITED STATES 

Harold F Schuknecht, 

Detroit, Mich 
Mai tin C Schultz, Philadelphia, Pa. 
Lewis J Schwartzkopf, 

Columbus, 0 

Barbara J Seelye, St Louis, Mo 
Ben H Senturia, St Louis, Mo 
James L Shapley, Iowa City, Iowa 
Andrew J Shiner, 

Falls Church, Va 
Irvin Shore, St Louis, Mo 
Bruce M Siegentbaler, 

University Park, Pa 
S Richard Silverman, 

St Louis Mo 

A A Simmons, St Louis, Mo 
Sister Anna Bernadine, 

St Louis Mo 

Sister Anna Rose, St Louis, Mo 
Sister Rose Antonia, St Louis, Mo 
Catherine A Smith, St Louis, Mo 
Francis L Sonday, 

Indianapolis, Ind 
M Spencer, St Louis, Mo 
Isabelle Starkey, Lansing, Mich 
Clayton Stevens LaPuente, Calif 
S S Stevens, Cambridge, Mass 
Agnes A Stokoe Detroit, Mich 


UNITED STATES 

Alice Streng Milwaukee, IVis 
Tchiji Tasaki, Bethesda, Md 
Glenn Taylor, Normal, Ill 
Don C Teas, Des Moines Iowa 
Alfred R Thea, Kalamazoo, Mich 
Nicholas Torok, Chicago, Ill 
Archie R Tunturi, Portland, Ore 
J Richardson Usher, St Louis Mo 
John A Virant, St Louis, Mo 
Theo E Walsh, St Louis Mo 
W Dixon Ward Pensacola, Fla. 

L A Watson, Minneapolis, Minn 
Harold Weber, Denver, Colo 
John C Webster San Diego Calif 
Charlotte G Wells, Columbia Mo 
Ruedi Werth New York N Y 
Edgar D Wipperman, 

Covington, hy 
Frank B Withrow St Louis Mo 
Mrs Margaret Withrow, 

St Louis Mo 
Doris Surles Woolsey, 

St. Louis, Mo 

Donald M Wright, Quincy Ill 
Herbert N Wright, Chicago, Ill 
Norman E Wvnn, Chicago, Ill 
Phillip A Yantis, Ann Arbor Mich 
Josef Zwdslocki, Cambridge, Mass 



Film Recoidmg of Esophageal Speech by Means of the Image 
Intensifiei 

Medical Division, North Amencan Phillips Co , Inc 

Technical and Electionic Field 

Speakei fiom the Bell Telephone Laboratories 

Neiv Opeiation foi Shoit Cu cutting the TiachealAu into the 
Pharynx . . .John J Conley, M D 

Tuesday, May 20, 1958 

Changing Ti ends m the Ti eatment of Sinusitis 

Fiedenck T Hill, M D 

Nasal Obsti uction Pioduced by Deformities about the 
Lobule _„_Henry L Williams, M D 

Cai cmoma-in-situ of the Laiynx a Ten-Year Study of its 
Histopathological Classification, Prognosis and Treat¬ 
ment _Alden H Millei, M D 

and Russel Fishei, M D (By Invitation) 

Bionchoscopic Findings in Tubeiculai Children 

D E S Wishart, M D , 
and J B Whaley, M D (By invitation) 

PRESENTATION OF INSTRUMENTS 

Unusual Sinuses -Fled W Dixon, M D 

0? bital Apex Syndi ome~. ___Austin T Smith, M D 

Physiology of the Laiynx Undei Daily Stress (Film) 

Paul G Mooie, MD (By invitation), 
and Hans von Leden, M D (By invitation) 

The Expei imental Use of Homogiafts foi Repau of the Cei- 
vical Tiachea ---Joel J Piessman, MD 
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The 01 lgin °f Dlst0 '> turn m Cochlea i Fluid, Motion 

J Tonndoif, MD 

Piessmes of the Labyrinthine Fluids Measured with an Elec- 
tiomanometei and Potential Value of These Pressures 
Fiancis L Weille, M D, and John Iiwm, M D 

The Diffei ential Diagnosis of Menieie’s Disease 

Henry Williams, M D 

PROGRAM OF THE AMERICAN LARYNGOLOGICAL 

ASSOCIATION 

Fairmont Hotel, San Francisco, Calif, May 19-20, 1958 

G> ound Substance ,-Eugene S Hopp, M D (By invitation) 

Vocal Rest m Lai'yngeal Disease __Meivm C Myeison, M D 

Management of Chiomc Lai'yngeal Stenosis 

Paul H Holmger, M D 

Evidence of Lai'yngeal Pai ticipation in Emotional Expres¬ 
sion Its Relation to Hystei ical Aphonia. 

A C Fuistenbeig, M D 

EXECUTIVE SESSION 
Panel Discussion 

AFTERNOON SESSION 

Rehabilitation of the Post-Laryngectomized Patient 
John J Conley, M D , Model atoi 

Types of Clinical Cases and Then Resultant Laryngeal, 
Esophageal, Phai-yngeal and Neck Deformities 

Chailes M Non is, M D 

The Vocal Theiapist Place and Conti ibution to the Reha¬ 
bilitation Piogiam _Paul J Moses, M D (By invitation) 

Specific Discussion of Failuies Advanced and Difficult Tech¬ 
nical Pi oblems -F Johnson Putney, M D 

Psychological Factois Detet mining the Success oi Failure of 
the Rehabilitation Piogiam 

Hayes A Newby, Ph D (By invitation) 
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Symposium— Model'll Ci itena foi Diagnosis and. Theiwpy of 
Malignant Disease m the Uppei Respn atory Ti act 

Modeiatoi_—Jeiome A Hilgei, M D, St Paul, Minn 

PaneL__Hai old G Tabb, M D , New Oileans, La 

Waltei P Woik, M D , San Fiancisco, Calif 
John J Conley, M D , New Yoik, N Y 

Combined Laryngectomy and Neck Dissection (A Motion 

Pictuie _Eugene L Giandon, MD, Iowa City, la 

(By invitation) 
Edgai S Bnntwall, M D , Iowa City, la 

(By invitation) 

An Objective Appioach to the Complaint “A Lump m the 
Throat ”_._.G Arnold Henry, M D , Toionto, Canada 

Friday, May 23, 1958 

A Clinical Look at Pi opt ess in the Evaluation of Hearing 
Function -Fiedeiick R Guilfoid, M D , Houston, Texas 

An Unusual Paiatoid Swelling—Its Diagnosis and Ti eatment 
Albert C Fuistenberg, M D , Ann Aiboi, Mich 

The Motoi Activity of the Cnco-pharyngeus Muscle—A Lab- 
oi atory Study (Candidate’s Thesis) 

John A Kuchnei, M D , New Haven, Conn 

Symposium —Stapes Mobilization—Two Yeais Latei 
Modeiatoi—.—Howaid P House, M D , Los Angeles, Calif 

Panel-——-Meile Lawience, Ph D , Ann Arboi, Mich 

Philip E Meltzei, M D , Boston, Mass 
John R Lindsay, M D , Chicago, Ill 
Victoi Goodhill, M D , Los Angeles, Calif 
Samuel Rosen, M D , New Yoik, N Y 
Clan M Kos, M D , Iowa City, la 
George E Shambaugh, M D , Chicago, Ill 
Edmund P Fowler, Ji , M D , New Yoik, N Y 
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PROGRAM OF THE AMERICAN LARYNGOLOGICAL, 
RHINOLOGICAL AND OTOLOGICAL 
SOCIETY, INC 

Wednesday, May 21, 1958 

The Relationship -of Thyioid Caicinoma in Children and 
Irradiation of the Thymus in Infancy 

Shu ley H Baion, M D , San Fiancisco, Calif 

Discussion „_Robeit R Newell, M D , San Fiancisco, Calif 

(By invitation) 

Middle Ear Effusion—Systemic Factors 

Fiancis W Davison, M D , Danville, Pa 

Open Discussion 

Symposium —Reconstructive Nasal Suigei'y 

Moderator „„„ Ronald W Tayloi, M D , Vancouver B C 

Panel™.„„Russell I Williams, M D, Cheyenne, Wyo 

Joseph H Oguia, M D , St Louis, Mo 
Harold Owens, M D , Los Angeles, Calif 

The Ti ans septal Inti a-Nasal Daciijocystoi hmostomy A 
Neglected Opeiation (A Motion Picture) 

E R V Andeison, M D , Los Angeles, Calif 

Malformations and Anatomical Variations Seen in the Middle 
Eai During the Opeiation foi Mobilization of the Stapes 

(Candidate’s Thesis) . 

Jack V Hough, M D , Oklahoma City, Okia 

Thursday, May 22, 1958 

Soft Tissue Roentgenogi aphy of the Nasopharynx for 
Adenoids~~~ _Joseph L Goodman, M D , New York, 

Open Discussion 

An Opeiatwe Technique to Prevent the Need of Postoperative 
Care in Radical Mastoid Surgery Y 

J H Thomas Rambo, M D , New York, N 

Open Discussion 
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AMERICAN 0T0L0G1CAL SOCIETY, INC 
President Dr Dean II Llerle, State University of Iowa, Iowa City, la. 
Secretary Dr Lawrence R Boies University Hospitals, Minneapolis 14, 
Minn 

Place Fairmont Hotel San Francisco, Calif, May 17 18, 1958 
Place The Homestead Hot Springs, Va, 1959 

AMERICAN OTORHINOLOGIC SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCTIVE SURGERY 
President Dr Joseph Gilbert, 111 E 61st St., New York, N Y 
Vice-President Dr Kenneth Hinderer, 402 Medical Arts Bldg, Pitts 
burgh Pa. 

Secretary Dr Louis Joel Felt, 66 Park Ave., New York 16, N Y 
Treasurer Dr Arnold L Caron, 36 Pleasant St, Worchester Mass 

AMERICAN RHINOLOG1C SOCIETY 
President Dr Russell L Williams 408 Hynds Bldg Cheyenne Wyo 

Secretary Dr Robert M Hansen 1735 No Wheeler Ave, Portland Ore 

Annual Clinical Session Illinois Masonic Hospital Chicago Ill, October 
1958 

Annual Meeting October, 195S Chicago, Ill (Definite time and place to 
be announced later) 

AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Trent W Smith 327 East State SL Columbus 15 Ohio 
Secretary Dr Samuel M Bloom 123 East S3 SL New York 2S N Y 
Meeting New York July 23 195S December 3 1958 place to be an 
nounced 


AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampsey Grant Bldg, Pittsburgh 19 Pa- 
Secretary Treasurer Dr Daniel S DeStio 121 S Highland Ave Pitts 
burgh 6 Pa. 

Annual Meeting Palmer House, Chicago, Ill October 16 17 195S 

ASSOCIACAO MEDICA DO INSTITUTO PENIDO BURNIER— 
CAMPINAS 

President Dr Lech Junior 

First Secretary Dr Franco do AmaraL 

Second Secretary Dr J M. Queiroz Abreu. 

Librarian Treasurer Dr Souza Queiroz 

Editors for the Archives of the Society Dr Guedes de Melo Filho Dr 
Antonio de Almeida and Dr Gabriel Ptirto 
Meetings Twice every month, first and third Thursday, 8 30 PM 

ASOCIACION DE OTORRINOLARiNGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA. 

Presidents Dr Julio Quevedo, 15 Calle Oriente No 5 
First Vice-Presidente Dr Hfector Cruz, 3a Avenida Snr No 72 
Second Vice-Presidente Dr JosS Luis Escamilla, 5a Calle Ponlenta 
No 48 

Secretario-Tesorero Dr Horace Polanco 13 Calle Poniente No 9-D 

ASOCIACION DE OTO RINO-LARINGOLOGiA DE BARCELONA, SPAIN 
Presldente Dr J Abello 
Vice-Presidente Dr Luis Sufie Medan, 

Secretario Dr Jorge Perellb, 319 Provenza, Barcelona. 

Vice-Secretario Dr A. PinarL 
Vocal Dr J M Ferrando 
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DIRECTORY OF OTOLARYNGOLOGIC SOCIETIES 

(Secretaries of the various societies are requested to keep this 
Information up to date) 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr Erling W Hansen, 90 So Ninth St, Minneapolis, Minn 
Executive Secretary Dr William L Benedict, Mayo Clinic, Rochester, 
Minn 

Meeting Palmer House, Chicago, Ill 

AMERICAN BOARD OF OTOLARYNGOLOGY 

Meeting Palmer House, Chicago, Ill 


AMERICAN BRONCHO-ESOPHAGOLOGICAL ASSOCIATION 

President Dr Walter Hoover, 605 Commonwealth Bldg, Boston, Ma^ 
Vice-President Dr Walter P Work, 384 Post St, San Francisco Call 
Secretary Dr F Johnson Putney, 1719 Rlttenhouse Square, Philade 
phia. Pa 

Treasurer Dr Verllng K Hart, 106 W 7th St, Charlotte, N C 
Meeting Mark Hopkins Hotel, San Francisco, Calif, May 2123, 19 a » 


AMERICAN LARYNGOLOGICAL ASSOCIATION 

President Dr Harry P Schenk, 326 S 19th St, Philadelphia 3, Pa 
Secretary Dr James H Maxwell, University Hospital, Ann Arbor, - 
Place Fairmont Hotel, San Francisco, Calif, May 19 20, 1958 

AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAL 

SOCIETY, INC 

President Dr Lawrence R Boies, University Hospital, Minneapolis H 
Minn » 

Secretary Dr C Stewart Nash, 700 Medical Arts Bldg, Roches 
N Y „ 

Place Mark Hopkins Hotel, San Francisco, Calif, May 2123, 

Place The Homstead, Hot Springs, Va., March, 1959 


AMERICAN MEDICAL ASSOCIATION, 

SECTION ON LARYNGOLOGY, OTOLOGY AND RHINOLOGY 

Chairman Dr Gordon D Hoople, Syracuse, N Y 
Vice-Chairman Dr Kenneth L. Craft Indianapolis, Ind. 

Secretary Dr Hugh A. Kuhn, Hammond, Ind r-^ncljeo, 

Representative to Scientific Exhibit Walter Heck, MD, San bran 
Calif 

Section Delegate Gordon Harkness, M D , Davenport, Iowa- 
Alternate Delegate Dean Llerle, M D , Iowa City, Iowa. 
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FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 


President Dr Victor M Noubleau, San Salavador 

Secretary-Treasurer Dr Hector PL Silva, Calle Arcs No 84, San Salva 
dor, El Salvador, Central America, 

FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Cbas C Grace, 145 King SL SL Augustine, Fla. , 
President-Elect Dr Jos W Taylor 706 Franklin SL, Tampa, Fla. 
Secretary-Treasurer Dr Carl S McLemore, 1217 Kuhl Ave , Orlando, Fla, 

FOURTH LATIN AMERICAN CONGRESS OF 
OTOR1NOLARINGOLOGIA 


President Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr William B Stelnman 
President Elect Dr James H Mendel, Jr 
Secretary-Treasurer Dr EL Carlton Howard 

Meeting quarterly (March May October and December) on the second 
Thursday of the month 6 30 P M at Urmey Hotel Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 

President Dr Jo Ono Tokyo, Japan 

Secretary Dr Chevalier L Jackson 3401 N Broad SL Philadepbia 40 
Pa U S A 

Meeting Seventh International Congress of Bronchoesophagology, 
Kyoto Japan September 195S 

KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H. Steele 

President Elect Dr Dick H. Underwood 

Secretary Dr James T Robison 4620 J C Nichols Parkway Kansas 
City Mo 

Meeting Third Thursday of November, January February and April. 

LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Sol Rome 

Secretary-Treasurer Dr Max E. Pohlman. 

Chairman of Ophthalmology Section Dr Richard Kratz 

Secretary of Ophthalmology Section Dr Carrall A McCoy 

Chairman of Otolaryngology Section Dr Howard G Gottschalk. 

Secretary of Otolaryngology Section Dr Robert W Godwin. 

Place Los Angeles County Medical Association Bldg 1925 Wilshire 
Blvd Los Angeles Calif. 

Time 6 30 P M last Monday of each month from September to June 
inclusive—Otolaryngology Section 6 30 first Thursday of each month 
from September to June inclusive—Ophthalmology Section. 
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BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch, 1039 No Calvert St, Baltimore, Marylanl 
Secretary-Treasurer Dr Theodore A. Schwartz 


BUENOS AIRES CLUB OTOLARINGOLOGICO 

Presidente Dr K Segre 
Vice-Presidente Dr A P Belou 
Secretario Dr S A Aranz 
Pro Secretario Dr J M Tato 
Tesorero Dr F Games 
Pro Tesorero Dr J A Bello 


CANADIAN OTOLARYNGOLOGICAL SOCIETY 
SOCIETE CANADIENNE D'OTOLARYNGOLOGIE 

President Dr Robert T Hayes, 42 Cobourg St, St John, N B 
Secretary Dr Donald M McRae, 324 Spring Garden Rd, Halifax, N S 
Meeting Nova Scotian Hotel, Halifax, N S , June 9 11, 1958 


CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C Otrich, Belleville, 111 
President-Elect Dr Phil R McGrath, Peoria, Ill. 
Secretary-Treasurer Dr Alfred G Schultz, Jacksonville, Ill 


CHICAGO LARYNGOLOGICAL AND OTOLOGICAL SOCIETY 

President Dr Stanton A Friedberg, 122 So Michigan Ave, Chicago 3 

Vice-President Dr Maurice Snltman, 408 So 5th Ave, Maywood, Ill- 
Secretary-Treasurer Dr Fletcher Austin, 700 No Michigan Ave, o 
cago 11, Ill 

Meeting First Monday of each Month, October through May 

CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Grdnwald S 
Vice-President Dr Agustln Estartus 
Secretary Dr Marcos Chaimovich S 
Treasurer Dr Benjamin Kapkan K 
Director Dr Alberto Basterrica A. 


DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


President Dr Ludwig A. Michael, 3707 Gaston Ave, Dallas, Tex. 
Vice-President Dr Hal W Maxwell mllas 8 

Secretary-Treasurer Dr Edward A Newell, 1511 No Beckley, 

Tex. 


FEDERACION ARGENTINA, 

DE SOCIEDADES DE OTORRINOLARINGOLOGIA 

Secretary of the Interior Prof Dr Atilio Viale del CarriL 
Secretary of Exterior Dr Aldo G Remorino 
Secretary Treasury Prof Dr Antonio Carrascosa. 
Pro-Secretary of the Interior Prof Dr Carlos P Mercandlno 
Pro-Secretary of the Exterior Prof Dr Jaime A. del SeL 
Pro Secretary of the Treasury Dr Jorge Zublzarreta. 
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PACIFIC COAST OTO OPHTHALMOLOGICAL SOCIETY 

President H Leroy Goss, M D, 620 Cobb Bldg, Seattle 1, Washington 
Secretary Treasurer Homer E Smith M.D 508 East South Temple 
Salt Lake City, Utah. 

Meeting 

PAN AMERICAN ASSOCIATION OF OTO RHINO-LARYNGOLOGY 
AND BRONCHO-ESOPHAGOLOGY 

President Dr Jose Gros, Havana, Cuba 

Executive Secretary Dr Chevalier L Jackson, 3401 N Broad St., Phlla 
delphia 40 Pa., USA. 

Meeting Sixth Pan American Congress of Oto-Rhino-Laryngology and 
Broncho-Esophagology 
Time and Place Brazil, 1958 


PHILADELPHIA LARYNGOLOGICAL SOCIETY 

President Dr Chevalier L. Jackson 

Vice-President Dr John J O'Keefe 

Treasurer Dr Joseph P Atkins 

Secretary Dr Louis E SIlcox. 

Historian Dr Herman B Cohen. 

Executive Committee Dr Harry P Schenck, Dr , Benjamin H Shuster, 
Dr William A. Lell, Dr , William J Hitschler 


PORTUGUESE OTORHINOLARYNGOL1CAL SOCIETY 
President Dr Albert Lula de Mendonca. 

Secretary Dr Antonio da Costa Quinta, Avenida, de Llberdale 65 1* 
Lisbon. 


PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Clifton E. Benson Bremerton, Wash. 

President Elect Dr Carl D F Jensen, Seattle, Wash 
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RHINOPLASTIC APPROACH FOR DERMOID CYSTS 
OF THE NASAL DORSUM 

Report of Three Cases v 


Ralph H Riggs, M D , 
Shieveport, La 


Reports of midline deimoid cysts of the nasal doisum have 
appeared spoiadically in the Araencan liteiatuie smce Bn- 
kett’s leport 1 in 1901 Although the condition is not con¬ 
sidered lare, few ei than 75 cases have been leported The 
lesion is geneially agieed to be congenital, and its develop¬ 
ment is explained on an embryologic basis 

The puipose of tins papei is to piesent the cases of thiee 
patients wuth dermoid cysts of the nasal doisum, on whom 
I have opeiated, and to discuss lhmoplastic pioceduies that 
may be helpful in such cases Previously descnbed approaches 
to this pioblem include midlme incisions, 3 ' 9 horizontal in¬ 
cisions, 4 10 elliptical incisions, 4 an incision along the side of the 
nose between the innei canthus and uppei part of the nasal 
doisum, 11 external incisions (no othei description) 1:13 ex¬ 
ternal incisions, plus opening of the cyst into the nasal canty, 11 
external incision plus bilateial osteotomy, 411 and mteicarti- 
lagmous incision plus septal opeiation 14 

As fai as I have been able to deteimme, theie has been 
only one case repoited m the Amencan liteiatuie m which 
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more space Aftei remo\al of the cyst the nasal cavities were loosely 
packed to reposition the septal mucosa Pieces of autogenous nasal hone 
and bonne cartilage were used to help repaii the defect The tissues 
were closed in lajers and an adhesive dressing was put on the nose 

On microscopic examination of a section of the mst (see Fig 2) a 
cjst wall lined with stratified squamous epithelium was seen surround 
ing a slit like space containing desquamated squamous cells Hair follicles 
and sebaceous and sweat glands were present in the cyst wall At one 
level a foreign bodj Inflammatory leaction had developed in an en 
vironment showing a number of sebaceous glands and hair follicles The 
microscopic diagnosis was dermoid cjst. 



Comment Aftei almost five yeais theie is no evidence of 
lecunence of the cyst, howevei, the bovine cartilage became 
partly absoibed and was movable On June 16, 1957, mtei- 
cartilagmous incisions weie made, and the subcutaneous tis¬ 
sues weie sepai ated fiom the nasal fiamewoik The le- 
mamdei of the bovine giaft was lemoved, the bony parts weie 
“fieshened up,” and multiple pieces of despeciated bone weie 
inserted Fig 1-B, shows the patient five months aftei this 
opeiation 

At this wilting, seven months aftei the second opeiation, 
theie seems to be no absoiption of the inserted matenal In 
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opeiation was not perfoimed thiough an external incision 
ovei and along the side of the external nasal pyiamid 14 Nat- 
uially, any ease m which theie is an opening, 01 sinus, 
along the midline will lequiie an external incision to lemove 
this aiea 

Most of the lepoited cases have been fioni fom laige 
clinics, 410 ' 12 and moie than one-half on the patients were 
opeiated upon by suigeons of anothei specialty The mid- 
line incision seems to be the most favoied by the oto-iluno- 
laiyngologist Approximately 30 pei cent of the patients 
had had pievious suigical tieatment (including incision and 
diamage) 

All authois agiee that the entile cyst must be lemoved 
In the most lecent article of Ciawfonl and associates 10 total 
suigical lemoval is considered much moie satisfactory than 
cuiettage, chemicals oi the electnc cauteiy, as have been 
used by some in the past They also believed that an attempt 
should be made to lepan any defect piesent, howevei, latei 
lepan may also be necessaiy 


REPORT OF CASES 

Cost 1 A white girl aged two yeais, had had a lump on her nose 
the pieceding si\ months Occasionally some drainage was note 
the tip of the nose The child’s maternal aunt has a small swe i s 
between the innei canthus and the nasion 

On examination a tounded, semi fluctuant mass, measuiiug •) x I”, 1 ]' 
was noted ovei the nasal dorsum (see Fig 1 A) It involved most (|ie 
bony vault and upper part of the cartilaginous vault At tae tin 
nose in the midline was a small depiession containing a hair in 
perpendicular to the skin Slight pressure ovei the mass caused 
material to escape from the opening in the tip Fi om palpal 
impiession was gained that the nasal bones weie separated UP 
frontal spine, and that much less bone was piesent tl an is nor > . s 
a child of two jeais On pediatric examination no othei abnorn. 
oi suigical contraindications weie detected 

On June G 1953 aftei induction of endotiacbeal anesthesia i Ill * l j|* 0 f 
incision w is made Tills was used because of tbe possible exlen ose( | 
the tumoi and the smallness of tbe nose The mass above was e i 
it lav between the nasal bones and uppei third of the u PP er ( a 
cartilages and extended about J mm into tlie septum Below th xc j it »d 
stalk was followed to the tip wheie its opening to the outside w* 13 ^ 

Anotliei tract extended fiom the main bod> of the c>st upward a ^ 

ward beneath the frontal spine to the region of the cribriform P 
be able to follow and visualize tills tiact some of the medial no ^ 
each lemaining nasal bone had to be removed (this was saved 1 ■ , oU „ 
lepaii later) Tlie nasal cavities were not entcied at anv time 1 ^, |le 

the septal mucosa was reflected about J mm oil eac i side to 
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Waters and lateral roentgenograms of the skull and facial bones were 
made A fairlj well defined radiolucent shadow in the nasal bone was 
seen only in the lateral views. 

On April 25 1955 after induction of endotracheal anesthesia incisions 
were made along the caudal margins of each lobular cartilage extending 
medialward into the anterior portion of the columella After both lateral 
and medial crura were uncovered the soft tissues over the dorsum and 
along the side of the nose were undermined up to the nasion. The space 
in which to work was limited because of the small nose. It was there¬ 
fore considered necessaiv to make an incision through the columella at 
its anterior extremitv After mobilization of this area excellent exposure 
was provided to the whole dorsum of the nasal framework The cist was 



Fig 3 Case 3 A-—Preoperatiie view showing small pit opening at tip 
B—Photograph two-and-one-half years posloperatii el\ 


separating the upper part of the upper lateral cartilages extending up¬ 
ward beneath the nasal bones and had caused some separation of their 
caudal ends It also extended along the dorsum of the bony and carti¬ 
laginous septum and this caused the thickening noted on intranasal 
examination. As dissection was carried out around the cyst. It was 
necessary to remove part of the mesiocaudal margin of each nasal bone 
to afford working space. The upper extremin extended to the posterior 
cephalic region of the nasal bones A small elliptical Incision was made 
around the opening In the tip to remove the external opening of the 
caudal tract. This was closed with nvlon sutures The bonv defect was 
filled with the removed bone and some isogenous cartilage The incision 
in the columella was sutured with nvlon A small amount of packing 
was placed in both nasal cavities and vestibules and an adhesive dressing 
was applied over the whole nose 

On microscopic examination of sections of the removed cvst fibrofattv 
tissue was seen containing an irregular cvstic space lined with stratified 
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such a case some substance has to be used to conect the 
defect Autogenous cancellous bone m the past has given 
the best lesults, but m such a young child, of course, it can¬ 
not be obtained If the giafts that weie mseited become 
absoibed, some kind of graft will have to be employed, not 
only to lelieve the defoimity but also to help keep the soft 



A 

Fig Z C tae 1 Photomkiogruph of del mold c>st.showing, 
lined with strutlfied squamous epithelium surrounding 1 ,1 k. mis 
containing' desquamated squ mious ctlls Hair follicle** ana »c 
sweat glands arc pit sent in the c\st wall H h ) 


tissues sti etched so that eventually, it necessaiy, autogenous 
cancellous bone can be used 

Cum > A tthite girl fi\e and a half veais old had liul dwhufcL O ^ 
file tip of the nose since biith During tlie pieceding tear this oUj 
bled on seteral occasions attei Injun The child had alttats beu 
and lestless while sleeping ^ 

On examination at the tip of tlie nose in tlie mulline ttas ^ A> 

depression that contained liaii peipendiculai to tlie skin nia 

With gentle pressuie otei the c u tilaginous doisum a thick c ‘ cjr[f 
terial exuded On palpation tlie impiession was gained that . 0 f tla 
laginous doisum was son in the midline and that tlie caudal e . tranJ «al 
nasal bones tteie separated mediallt moie tlian is noinialI at .pium 

examination shotted ttliat ttas thought to be sonu tiiickniss ot 
along both sides opposite tlie upper lateiai caitiltges 
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bridge of his nose since birth and at least one hair was always present 
At times it became infected and drained what was thought to be pus 

On examination a somewhat punched out area measuring 3x3 mm 
was seen on the nasal dorsum at the level of the caudal end of the nasal 
bones in the midline A few hairs were protruding (see Fig o-A) no 
discharge could be expressed There was no external evidence of patho¬ 
logic alterations below or aboie this area Intranasallr the septum was 
deviated in its bony portion bilaterally 

In lateral roentgenograms of the nose there was evidence of a radiolu 
cent area about 0 5 cm wide extending from the anterior tip of the nasal 
bones posteriori! for about 2 cm w here it was obscured bi the overlying 




Fig 5 Case 3 A—Preoperatl'e photograph shows hairs in the de¬ 
pression B—Photograph twent>-three months postoperatli el> 


bones of the skull In the postero-anterior view were noted deviation and 
definite widening of the nasal septum in its antero-superior portion 
where again there was a faint radiolucent area There was no evidence 
of destruction of bone The changes were suggestive of a lesion in the 
antero-superior portion of the nose, causing some erosion of the nasal 
bones and occupying and causing some widening of the septum anteriorly 
Iodized oil (Iodochoral®) was injected into the sinus tract’ and an 
other roentgenogram was made (see Fig 6) The tract extended from 
the opening in the anterior portion of the nose posteriorly for about 
4 cm where it was blocked apparently bj a soft tissue mass 

On Feb 22 1956 with use of a local anesthetic the septum was opened 
through a left hemi transfixion incision and the left septal mucosa was 
elevated back to the bony deviation The cartilaginous septum was sepa 
rated from the bon\ septum and the mucosa over the right and left bon' 
septum was elevated A bulging of the bon> septum previously described 
as a deviation was opened and found to contain a cvstic mass This 
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squamous epithelium aiound which weie i udimentai \ sebaceous glands 
and hail follicles containing hail shafts Seveial shafts weie within the 
lumen of the cyst Adjacent to the cjst in one section was a foieign both 
leaction about hail shafts, due appaientlj to ruptuie of the cjst at one 
point not disclosed in these sections The microscopic diagnosis was 
deimoid c\st (see Fig 4) 

Comment In this case the descubed appioach was ade¬ 
quate, and no defoimity has lesulted aftei thiee yeais One 



Fig 4 Photomicrograph of dermoid c>st in Case - dquamou-' 

tissue containing an lriegular cjstlc space lined with airauii jialr 

epithelium around wlilcli are rudimentary sebaceous b> am 
follicles containing liaii siiafts (X-20 H E ) 


week aftei the initial diessmg the child’s family lepoite 
she was not so neivous as befoie opeiation, that sie " 
bieathmg well thiough hei nose foi the fust time m et 1 > 
and that she was able to sleep without making noises, lftVl 
nightmaies and pulling off the covei Dining the ensl ‘‘ 
thiee yeais this lesult has peisisted The paients also at ^ 
that tliey, too, have been somewhat lehabilitated, °" in 
what they call having a noimal child 

Ca\c J A white man 29 years of age hid had a ‘defornilt' 
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narrowed as it was uncovered posteriorly and extended almost to the face 
of the sphenoid (see Fig 7) The cyst uncovered in the bony septum 
was opened and contained a cheesy material An elliptical incision was 
made around the external opening and the soft tissues were undermined 
The stalk was dissected down between nasal bones and upper lateral 
cartilages and then followed into the exposed area in the septal space 
All attachments were severed and it was removed To correct the de¬ 
formity between the nasal bones and also to help narrow an abnormally 
wide bony rault bilateral osteotomy and infracture were performed 
Bone was replaced between the septal flaps and the incision m the septum 



was closed The external incision was closed in layers after some auto¬ 
genous bone and septal cartilage had been placed over the dorsum Ad 
hesive and stent dressing was applied 

On microscopic examination of sections of the removed specimen a 
channel or cavity lined with stratified squamous epithelium containing 
epithelial debris and blood was seen (see Fig 8) In the wall surround 
ing the cvst numerous hair follicles and sebaceous and sweat glands were 
present. The microscopic diagnosis was dermoid cyst 

Comment All of the cyst was lemoved thiough the septal 
exposuie except, of course, the external poition Two othei 
cases of cysts of the septum 1111 have been leported, but they 
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teido? exte^s^n tt 78 n0 ^o r t a ^ I i ,1U M e 5 fter Injection of Iodized oil The |«<s 
structed Its flow 'Isuallzed because the contents of the c>st ob 
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pathologic alteiations found Intel cartilaginous incisions will 
piovide good exposuie up to and including the frontal spine 
One may also iemo\e a mid-doisal cyst and inspect the 
aiea posterioi to the nasal bones and fiontal spine if the 
cjst extends into this aiea It is also possible to go down 
into the nasal septum thiough the uppei lateial cartilages 
and combine this pioceduie with a septum operation foi com¬ 
plete lemoval of a cyst This was part of the pioceduie 
descubed by Jueis, 14 and was used m Case 3 heiem leported 

If the stalk comes down to the tip, anothei appioach is 
possibly bettei Incisions may be made along the caudal 
maigms of both lobulai cartilages (the slot incision descubed 
by Cottle 15 ) extending down along the columella The tissues 
external to the cartilage aie uncoveied, and the surgeon, 
continuing upwaid, may uncovei the whole pyiamid By 
adequate and caieful dissection the pathologic alteiations can 
be visualized and lemoved piovidmg the nose is not too small 
In an extiemelj small nose, to obtain moie woikmg space, 
the columella can be seveied at its antenoi extiemity, as was 
done m Case 2, this leaves only a minimal scai 

Another helpful pioceduie is osteotomy Its use has been 
reported pieviously m two cases 1 Tins helps, m that the 
bony doisum may be nanowed, it also helps to collect a 
deformity aftei part of the bone has been removed and helps 
msuie foimation of a good roof ovei the bony vault 10 This 
piocedure was used m Case 3 

A secondary opeiation to coriect a deformity cieated by 
the cjst and its lemoval is essential in some cases 10 Heie 
again llnnoplastic piocedures aie invaluable, since most of 
these probably lequne attention to the bony doisum This 
aiea is easily leached thiough the mteicartilaginous incisions 
Such a pioceduie was used m a secondary opeiation m Case 1, 
m which the lemamdei of an old giaft was lemoved, and 
some other giafts weie reinserted It is also possible to 
voik m this aiea thiough the slot incisions should additional 
proceduies need to be performed on the cartilages of the 
lobule 
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weie both located m the septal cartilage, also m the cases 
leviewed only two osteotomies 411 had been peifoimed and 
they weie not associated with the septal cases 

At this wntmg, piactically two yeais postopeiatively, theie 
is no evidence of lecunence of the cyst A senous psychologic 
pioblem has become gieatly impioved 



Fig S Photomicrograph of dermoid cyst In Case 3 f. 110 .'.'*,’hubris anil 
lined with stratified squamous epithelium containing 1 epitneiia am j 

blood In the wall surrounding the c>st numerous hair i 
sebaceous and sweat glands art present (X-20 H A. E ) 


DISCUSSION 

No loutine opeiative pioceduie can be employed in these 
cases because the pathologic piocess vanes Even thoug 
incision ovei the nasal doisum does not cause a bad deioim > 
theie is a seal In patients who have only the snia 
opening” at the tip, and those who have a mass along^ 
junction of the uppei lateial cartilages and the nasa 
the possibility of using a lhmoplastic pioceduie is iea 4 ^ 
uially the pioceduie used depends upon the diagnosis 






PERNASAL TRANSSPHENOIDAL YTTRIUM IMPLANT 
OF THE HYPOPHYSIS *fi 


W M S Ironside, M D , 

(By Invitation), 
and 

Robert D Moseley, Jr., M D , 

(By Invitation), 
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In 1953, Luft and Ohveciona demonstiated the beneficial 
lesults that could be obtained with hypophyseetomy in certain 
cases of advanced cancel Aftei much experience it now ap¬ 
peals that only the hormone dependent cancels of the bieast 
and piostate aie likely to benefit 

As a lesult of the mteiest m hypophyseetomy, numeious 
loutes to the gland have been used, and methods of excision 
01 destiuction employed The aim, of couise, is to devise a 
simple opeiation which will cause minimal distiess to the 
patient, as many of these coming to this type of suigery aie 
seveiely debilitated, at the same time it is necessary to msuie 
effective destiuction 01 lemoval of the gland 

It is as well to lecall some of the loutes which have been 
used m the past to 1 each the hypophysis Although the ti ans- 
cianial loute was one of the fust to be used, the mortality 
rate was so high that by the end of the fust decade of this 
Century mteiest was being developed m the nasal loutes, 
but even with the tiansseptal, 2 lateial lhmotomy, 3 sublabial 
loutes 15s and then numeious modifications,' 6 ' the moitalitv 
late m some senes lan as high as 30 pei cent By the 1930’s 
the gieat advance m neuiosuigical techniques, and the need 

*Pead at the meeting of the Middle Section American Lar\ ngological 
Rhinological and Otologfcal Society Chicago 111 Jan 14 1953 

tFrom the Departments of Otolarj ngologx and Radlologx The Univer¬ 
sity of Chicago 

jThis work was assist d in part by a grant from the Damon Pun>an 
Cancer Fund 

Editor's Note This manuscript received in The Larvngoscope Office and 
accepted for publication Feb 5 1953 
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SUMMARY 

Thiee cases of midline deimoid cysts of the nasal doisum 
have been piesented Attention is called to the feasibility of 
using lhinoplastic pioceduies m applicable cases with the idea 
of leaving less visible postopeiative defects 
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a souice of Gamma lays, m the form of two tubes by the pei- 
nasal tiansphenoidal loute with the assistance of a compli¬ 
cated head holdei and needle dnectoi The pioceduie is 
conti oiled by intermittent ladiogiaphy Radon was used 
because Pattison and Swan 14 m 1933 successfully tieated a 
case of basophil adenoma of the pituitary by introducing two 
ladon tubes into the sella tuisica thiough the tianscianial 
loute Fonest found that the Gamma madiation lequned 
to destioy the pituitary also affected suiioundmg stiuctuies 
such as the optic neives, theiefoie, yttimm 90 with its high 
activity ovei a short ladius is now being used 

Fiom the expel miental woik of Maimelli 15 it was con- 
sideied that complete destruction was moie likely to follow 
the implant of multiple disci ete souices, 1 mm fey 2 mm of 
jdtiium, lathei than the two laigei souices, 2 mm by 6 mm , 
as used by Fonest, howevei, it was obvious that the nasal 
loute held many advantages, the most important of winch 
was the lowei mortality late, and adequate local anesthesia 
was consideied sufficient to perform the nasal opeiation, a 
consideiable advantage when dealing with these lathei de¬ 
bilitated patients 

It was felt that only undei dnect vision could the needle be 
dnected thiough the nose to the anteuoi wall of the sphenoid 
sinus without mjuiing the nasal mucosa, and that only with 
the assistance of image mtensifieis (Mullei Suigex units with 
Phillips intensifiei tubes) could multiple yttiium beads be 
deposited with any degiee of accuiacy thioughout the pitu¬ 
itary gland The image mtensifieis peimit continuous fluoio- 
scopic guidance thioughout the pioceduie without exceeding 
the peimissible exposuie dose to the suigeon 

The method evolved is as follows Undei piemedication of 
Nembutal 180 mgm , given two houis, and Demeiol 100 mgm , 
given one houi befoie opeiation, the patient is biought to 
the opeiatmg loom and very caiefully positioned on the table 
with the occiput low m a modified Rose’s position (see Fig 
1) The leason foi this position is to allow the axial image 
intensifiei to be bi ought into place This positioning must 
be done with gieat caie and gentleness m those patients with 
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gland, the ta ”°>s mvoivmg tins 

of choice With the advent f h beca ™ e once moie the loute 
booties the moitahty iate nf tf ^ sulphananud es and anti- 
That this loute was used by Luft P1 °“ d 1 Ule steaddy dec1 '^ 
0f the giand ln Pmneei w M k "s notsu“g eXC ' S ' 0,, 

mteieat m 0 the°nf S aaoute nd fT*' 68 Bl0 "’ n ‘ m 1955 ,ene "' ctl 

been devised but these f t numelous modifications hate 

duct,on „ f ladioactivf ° “f " Sed main,y f0 ‘ 
excision of the gland mpounds lathei than foi suigical 

expei lence has^een^ 10 ^ ° f the ffland ’ P 10 bab]y the gieatest 

cieasinTnumbni !? SUlgIca] excisi0n > *owevei, «» >»- 

m which the gland CaS6S aie bemff sub J e cted to pioceduies 
Extemal ladnfi oeciotized by implanting ladioisotopes 

at piesent m «nT meth0dS ’ SUCh as pioton beam theiapy, me 
is veiy limited xpeilmental stage, and e\pei lence with them 

gioups me on h ;t d r Sed 1S based ma mly on the woik of two 
Umveisity of Glasgow™™ 1 ^ ° f ChlCag0 ’ the othei at the 

Cluea S go 11n i qk j 1 Pei and Kenne dy." °f the Umveisity of 
enuttpi ’J 19 , 53 sugg:ested that yttnum 90, a pme Beta 
descuhpd H lm t? an , ted m tbe foim of mi, ltiple disciete beads, 
hvDonhvc ^ 1S] e eski 1 - in 1950, could effectively destioy the 
the hpfld 18 1G ^ lansciania l loute was used foi placement of 
tlioiio-h h’ ai ] 1C j U pia<d:lce J t has become obvious that e\en 
tion nm 16 f a ] K 1S undei dllec t vision at the time of opeia- 
Unfn, af f d ? 0sitl0n °f the beads is exceedingly difficult 
difficult t 6 ul C Ue to tbe veiy aatuie of the opeiation, it is 
oositinn +j° ° a . m 3 ^ le ^ d f lee °f metal impedimenta and to 
l adiolno-ip 16 patlent ’ s head > so that the use of continuous 
attendpd ) 10 1S piactlC£d * fuitheimoie, the opeiation is 

n . y . le usl, al mortalitj r iate, associated with such a 

suigical pioceduie undei geneial anesthetic 

Fonest- and Jus associates, of the Umveisity of Glasgow, 

P ited in 19o6 then lesults obtained by implanting radon, 
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to the antenoi wall of the sphenoid sinus Heie the position 
of the tip and diiection of the needle is checked by the in¬ 
tensifies m both the axial and lateial views befoie the tip 
of the needle is advanced into the sphenoid sinus Into the 
smus in instilled 1 5 cc of a penicillin topical thiombm solu¬ 
tion, each cc of which contains 10,000 U of penicillin and 
200 U of thiombm Undei continuous guidance the needle 



1-1-_I_I_u_I 

5 cm 


Fig 2 Special instruments for introducing yttrium beads a Stillette 
which passes through cartridge (c) and cannula (b) b trocar and can¬ 
nula (17 gauge) c adapter for connecting syringe to cannula (b) during 
installation of penicillin thrombin solution d cartridge when mounted on 
stand (f) bead dropped into left end and pushed home with cartridge 
pin (e) while spring on transverse c>Under Is compressed on releasing 
spring bead la trapped In cylinder quart* window permits observation 
of bead on its way through cartridge when stillette (a) is Introduced 
e cartridge pin f stand for cartridge during loading 



is advanced into the medial portion of the left half of the 
pituitaiy A postenoi bead is deposited befoie withdiawing 
the tip a few mm and depositing an antenoi bead The tip 
of the needle is then withdiawn into the sphenoid sinus and 
the needle angled lateially befoie being advanced once moie 
into the gland Again a postenoi and an antenoi bead aie 
deposited, and this time in the lateial portion of the left 
half of the gland Similai maneuveis aie earned out on the 
light side (see Fig 3) 
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spinal metastases, as any extieme degiee of ceivical extension 
will cause pam 

Local anesthesia is then induced with cocaine, 5 pei cent, 
by instilling 0 5 cc into each nostnl with the head in tlnee 
positions fust with the head turned to the left, then to the 
light and finally m the mi dime Occasionally when the 
optimum position of the head and neck cannot be obtained the 
anesthesia is supplemented with a Sludei block (see Fig 1) 



At this stage the face is piepaied and diapes apphec 
two mtensifieis aie also diaped and bi ought into P osl 1 ^ 
The ytti mm beads, 1 mm by 2 mm, with an actni \ 
appioximately 1 me, aie then loaded into the cai ^ 
undei watei One cm of watei gives adequate s lie 1 
fiom the uiadiation of these beads 

The stiengthened 17 gauge needle (see Fig -) lb 
passed into the left nostnl and guided undei dnec ' s 
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ment has not been started until signs of hypothyi oidism 
develop, and this does not oceui foi at least two months 
postopeiatively 


MATERIAL 

Although some 40 of these opeiations have now been cai- 
ned out since June, 1957, only the fust 26 will be leviewed, 
foi at least two months aie lequiied to determine the effects 



Fig 4 H and E. X 9 Pituitary obtained 15 dajs postoperati\ el> from 
Case 1 showing almost total destruction 


of the pioeeduie It is as well to point out at this stage that 
these cases veie unselected, msofai as no consideiation was 
given to the age and geneial condition of the patient, the 
type of the pnmaiy tumoi 01 site of metastases and pievious 
tieatment leeeived by the patient They weie all consideied 
to be unlikely to benefit fiom fuithei suigeiy, ladiotherapy 
01 endocune theiapj, furtheimoie, the eaily opeiations 
weie performed on patients who weie m a very advanced, 01 
even teimmal stage of metastatic disease 
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Geneially eight beads aie implanted, but as many as 11 and 
as few as six have been used Vanations m the size of the 
sella and the accuiacy of deposition of individual beads de- 
tei mines the total numbei deposited Vanations m the posi¬ 
tion of the nasal and sphenoidal septum can be an incon¬ 
venience, but do not pi event an adequate implant Senal 
sectioning of the few pituitanes obtained at autopsy have 
levealed that an aveiage of bettei than 90 pel cent destruc¬ 
tion has been obtained by this method (see Figs 4, 5) 



Fig 3 Implant obtained In Case 1 Lateral and n\ial 


Even seveiely debilitated patients stand the outlined P 10 " 
ceduie veiy well On two occasions, howevei, it has een 
necessary to give an additional 50 mgm of Demeiol in ia 
venously while the patient was on the table Only one pa ien ^ 
was deemed unfit foi opeiation, when she became dioivsy an 
confused on the day tentatively planned foi opeiation, sie 
died nine days latei 


MAINTENANCE 

All patients subjected to this pioceduie liave iequu ^ 
maintenance dose of Coitisone, on the aveiage this has ct ^ 
50 mgm daily Pitiessin tannate has been admmisteie ^ 
those patients developing diabetes insipidus Thyioid iep 
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with a IVth neive paialysis This is embanassmg foi the 
patient, due to the dioopmg of the lid, but is no leal handicap 
Two developed a tempoiary VIth neive paialysis, winch 
was lathei distiessmg, due to the double vision which le- 
sulted One case of Illid nerve paialysis has staited to cleai 
aftei being piesent foi two months 

Examination of pituitanes obtained at autopsy have con¬ 
tinued the suspicion that these paialjses anse fiom placmg 
beads too fai lateially The technique has been modified 

TABLE i 

Complications in 26 Operations 

Extra-ocular X palsies _ 

Cerebrospinal rhinorrhea 

Meningitis- 

Anesthesia of face_ 



aceoidingly Suigical tiauma at the time of opeiation plays 
no part m this complication, as the onset of paialysis is fiom 
the thud to the sixtieth day 

Using this loute it was expected that ceiebiospmal lhinoi- 
lhea might piesent—it has occuned m foui patients In 
two patients it lasted for a numbei of months One was the 
patient aheady mentioned, who was suspected of having 
died fiom meningitis two months postopeiatively The othei 
vas a man who had metastatic carcinoma of the piostate 
The lhmorrhea lasted two-and-a-half months, but the patient 
has now letumed to woik The two othei cases of lhmonhea 
weie of a very tempoiary natuie 

Starting with the twentieth case topical thiombm has been 
injected into both sphenoid sinuses, with penic illin , at the 
time of operation, as indicated It is interesting that all 
these cases of lhmonhea occuned within the fust 14 opeia- 
tions, but this complication still occurs In the last 26 cases, 
two have developed tempoiary lhmonhea 

Meningitis was encounteied twice first, m the patient 
who is suspected of having died from this complication, and 
the othei, m a patient who against advice blew hei nose 
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MORTALITY 

Of the 26 cases undei leview theie weie no deaths dnecth 
due to the pioceduie One patient died two months post- 
opeiatively, and fiom the doctoi’s account of the teiminal 
stage death piobably lesulted fiom meningitis Unfoitun 
ately, autopsy was not obtained This patient had developed 
a peimanent ceiebiospmal lhinonhea two weeks postopeia- 
tively, and although she letumed to the hospital it was 



decided that she was unfit to undei go tiansciamal closure 
of the defect, and was sent home again This indicates ia iel 
well the "pool lisk" cases that stand the pioceduie so sa is 
f actoi lly 


COMPLICATIONS 

Tim teen out of 26 patients developed one oi moie of these 
complications 

By fai the most fiequent complication, oculai neive ^ 
lalysis, developed m no less than 10 patients Eight su e ^ 
fiom a Illid neive paialysis, eithei alone oi m com ina 1 
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impairment, frontal lobe or hypothalamic damage, 01 biam 
abscess formation such as have been leported m othei senes 

RESULTS 

Of these 26 patients 21 had a primary lesion of the bieast, 
foui of the piostate and one of the ovary 

table n 

Operations Performed 


Performed for Metastatic Carcinoma of Breast (F—20 M—1)_-21 

Performed for Metastatic Carcinoma of Prostate__ 4 

Performed for Metastatic Carcinoma of Ovarv__ _ 1 


Total___26 


CANCER OF THE BREAST 

The 21 cases of metastatic cancel of the bieast consisted 
of 20 females and one male 


table ni 

Carcinoma of the Breast 


Surviving— 

Unchanged_5 

Improved _ _ __ 10 

Dead— 

Unchanged___—___ 5 

Improved___ 1 


Total_____21 


Eleven appared to benefit from the operation 


The estimation of the lesult of the operation is based on 
clinical observations such as cessation of vomiting, mciease 
m appetite, weight gam, changes m size of cutaneous oi sub¬ 
cutaneous lesions and X-ray studies of metastatic lesions 
Symptomatically, lelief of pam has been the most diamatic 
feature of those gaming benefit from the pioceduie, how¬ 
ever, only four have shown a tiue legiession with sclerosis 
of esteolytic deposits, etc (see Figs 6, 7, 8) 
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ZTanf.Ji* S f feled a tem P° iai y ^ak of ceiebiospma! 

the 4 v Jr th P l me T S,t,S Thls responded to antibiotic 
tneiapy and the lhmonhea ceased 

Duiing two pioceduies pellets weie misplaced In one it is 
assumed that they enteied the ciama! poition of the left 
caiotid and weie whipped into its blanches, two settling in 
the distnbution of the middle ceiebial of the same side, and 
anothei entered the cncle of Willis, mossed to the othei side 



Fig: b Lateml and a\ial \Ie\\s of implant obtained In Case 3 


and came to lest m the distnbution of the anteiioi ceiebial 
aiteiy Theie weie no aftei effects 

In the othei case a pellet came to he at the light petious 
apex As a consequence of this the patient has developed a 
mild sensoiy loss on the light side of the face in the dis- 
tubution of the ophthalmic and maxillaiy divisions of the 
Vth neive 

Although the complication late m this senes has been 
fanly high it can be 1 educed with expel Jence This is e "" 
denced by the absence of any complications following opeia 
tion m the last ten patients subjected to this pioceduie s met, 
Decembei 1, 1957 

Theie have been no instances of anosmia, visual f je ^ 



Figr S X-rays of pel\is before and 10 weeka after operation in Case 9 


C YRCINOMA OF THE PROSTATE 

All foui patients showed impiovement after yttnum im¬ 
plant This was evidenced by letum of appetite, disappeai- 
ance of bone pam, lesumption of ambulation 01 letum of 
normal uimaiy function 

The patient who had metastatic caicmoma of the ovary 
did not gam any benefit fiom tlie opeiation 
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REHABILITATION OF THE LARYNGECTOMIZED 

The Umveisity of Texas Postgiaduate School of Medicine 
and the Houston Speech and Hearing Centei will piesent the 
second ti anting couise m “The Rehabilitation of the Laryn- 
gectomized” fiom June 9 thiough 20, 1958 

The couise this yeai will be alteied m seveial ways as a 
lesult of expeilence gained fiom last yeai’s piesentation and 
will covei Vocational Adjustment, Anatomy of the Speech 
Mechanism, Noimal Speech and Voice Pioduction, Esophageal 
Speech and Voice, Laryngeal Suigery, Radiation Theiapy, 
Facts about Cancel and Techniques m Teaching Esophageal 
Speech 

The geneial piesentation will combine both the clinical 
and didactic appioach 

Applications foi Tiameeships, which aie limited in numbei, 
should be made as soon as possible, and will not be consideied 
aftei May 19, 1958 

Inqumes concerning this couise should be dnected to The 
Umveisity of Texas, Postgiaduate School of Medicine, 410 
Jesse Jones Library Building, Texas Medical Centei, Houston 
25, Texas 
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CONCLUSION 

As has been stated, virtually all patients lefened with ad 
vanced cancel of the bi east and piostate have been accepted 
foi this pioceduie It is felt that with bettei selection of 
cases the peicentage of patients benefiting will mciease, and 
with moie expenence and knowledge gained fiom autops) 
studies the complication late will continue to deciease 

SUMMARY 

Routes to the pituitaiy and methods of destiuction aie 
1 eviewed 

A simple method of yttnum implant of the hypophysis with 
continuous fluoioscopic conti ol and undei local anesthesia is 
outlined 

The lesults, obtained by 26 such pioceduies peifoimed on 
patients suffenng fiom advanced cancel aie piesented^ 
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foie, tiled maneuveis in which a locking force was applied 
thiough the incus and mcudo-stapedial joint This lesulted m 
a gieatei success late, but eiural fiactuies weie still too fie- 
quent, and it soon became obvious that many fixed footplates 
could not be mobilized by foices exerted thiough the ciuia 
The proceduie passed lapidly, theiefoie, into the next stage 
m the evolution of methods to mobilize the footplate, this 
being the diieet method by which cutting, prying, hammenng, 
needling, chiseling and drilling techniques aie used duectly 
on the maigins of the footplate Amongrthe. first to use the 
dnect method extensively m this country weie House 1 and 
Goodhill, 3 who needled_the maigms of the footplate, wheieas 
in Europe, Heermann 4 of Essen leported success with chisels, 
and Meurman 5 of Helsinki with seriated knives More le- 
cently, Portmann 0 of Fiance and Shea' m this country have 
utilized a micio-dnll to lyse otoscleiotie foci, but then ex¬ 
pel lences aie, as yet, not adequate to pi edict whethei the 
method will enhance existing techniques 

I (HFS) visited Piofessoi Zollner at the Umveisity of 
Fieibuig in Novembei, 1956, and saw him demonstiate the 
method of mobilizing the stapes with the chisels of Heei- 
mann I used these instruments on a senes of patients, and 
when Heermann attended the International Congiess of Oto¬ 
laryngology m Washington, D C , m May, 1957, I had an 
opportunity of discussing the method furthei with him 
Since that time, I have been using the chisels exclusively m 
all oui mobilization opeiations The eaily lesults aie good 
enough to justify enthusiasm for the method, and the mam 
purpose of this papei is to describe the technique and to pie- 
sent oui expel lences with it We will also show oui results 
with pievious techniques 

GENERAL INFORMATION 

Oui indications foi suigery have been the same fiom the 
beginning, ie, any patient with a clinical pietuie of oto- 
scleiosis who has a bilateral air conduction heaung loss 
avei aging ovei 30 db foi the speech fiequencies (500, 1000, 
2000), with no lestnctions as to age oi level of bone conduc¬ 
tion thiesholds Patients who have no chance of impioving 



RESULTS WITH THE CHISELS IN STAPES 
MOBILIZATION * 


Harold F Schuknecht, MD ,y 
A Bruce Graham, Ph D ,** 
and 

Mary Rose Costello, Ph D 
Detioit, Mich 

When the stapes mobilization opeiation was fust descubed 
by Rosen m 1954 1 theie weie many skeptics Some said that 
the opeiation was doomed to failuie. because labyuntlutis 
was apt to ensue in many patients, some felt ceitain that 
eaily 1 e-ankylosis would occui, and otheis said that the opeia¬ 
tion had been tued befoie and discaided because of pool 
lesults Time has shown that this eaily skepticism was not 
justified, foi the gieatei piopoition of successfully mobilized 
patients have not experienced 1 e-ankylosis, and veiy few' 
have had senous complications We must attubute much of 
the success of the stapes mobilization opeiation to the inven¬ 
tion of the opeiatmg mieioscope with built-in light, which 
finally has piovided adequate visualization foi the otologists, 
and to the development of antibiotics which aie used to ie- 
duce the incidence of post-opeiative infection 

The technique of mobilization has undeigone a lapid tian- 
sition fiom the ongmal Rosen method to d nec t footplate tech¬ 
niques which have lesulted m a highei percentage of success¬ 
ful lesults The original technique described by Rosen con¬ 
sisted of applying piessuie to the neck of the stapes so as to 
mobilize the footplate by tilting it m the oval window Man> 
otologists, including Rosen, weie dissatisfied with the 1 esults 
because of the high incidence of ciuial fiactuies and, there 

•Rend at the meeting: of the Middle Section American La „ r> ,1 g ‘ > i l f. < s ICa ' 
Rhlnologicai and Otologicai Society Inc Chicago III Jan 13-H . 

t Associate Surgeon Di\ Ision of Otolarj ngologj Henr> Ford HO*P 
Detroit Mich nr 

••Audiologist Section or Audioiogj Di\lslon of Otolar>ngoio£> Ilen ' 
Ford Hospital Detroit 3IIch 

Editors Vote This manuscript received In The Lar>ngoscope Office 
accepted for publication Jan 27 195S 
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speech audiometei, m a two-ioom testing unit, using moni- 
toied live voice techniques 

Thiesholds foi bone and an conduction tlnoughout have 
been stated m teims of the equivalent SRT as determined 
by the Fletchei formula The Fletchei formula is the avei- 
age of the two best thieshold 1 espouses foi 500, 1000 and 
2000 c p s 


TILT NEEDLE CHISEL 



Fig - 1 Chart showing the operatHe method number and date of 269 
stapes mobilization operations 


CLASSIFICATION OF RESULTS 

1 Successful 

a 30 db oi bettei puie tone thieshold 
b 20 db oi smallei bone-an gap 

2 Impioved 

10 db oi moie impiovement of puie tone thieshold but 
not successful 

8 Unchanged 

Less than 10 db change of puie tone thieshold 
U Healing Loss 

10 db oi moie loss of puie tone thieshold 
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stapes mobilization 


t0 “ *-“« >«* I* 

ful mobilization wei e usually S ' V , h ° expe ‘ lence a success ' 
affoided by the lowei f ? 7 pleased Wlth the comfoit 
with the poorest heann ? ° U lequuements The eai 
if the heanno- ,mn ^ u a ways opeiated fust, and onh 

opposite eai 0 De 3 T o the ° PP ° Slte ' vas the 
osis weie subiected t atlents with umlateial otosclei- 
heaiine- loss i* d * SUlgeiy on]y lf they felt that then 
of269 eais) S ^ occupa ^ lona ^ 01 social handicap (seven 


by the b P pnff° nS a W61e perfoimed with local anesthesia 
loune we . . a m / aniC ^ The head h * ht and 2 5 powei 
with the ! f °! 7 some eaily cas es, but neaily all weie done 

veai th d f° f 3 Z ^ iSS opeiatm £ micioscope Foi the past 
is ins lument has been used foi the entne opeiation 


fnlimxn 3 16n S weie dischaiged fiom the hospital the day 
eveiiix ^ Ulgeiy un less they complained of veitigo Tetia- 
i mgms every six houis, was given foi five da\s 

post-opeiatively 


criteria op success and failure 

We have not lated oui patients into classes of piedicted 
success, as is done foi patients being consideied foi fenestia- 
ion suigeiy, because foi stapes mobilization we aie not le- 
T Jv ^ le ^ one conduction levels Fiom Octobei 25, 
, o ecembei 1, 1957, two hundied and sixty-nine mobih- 
za ions weie peifoimed, most of these being peifoimed in the 
P , aS ,^ eai ^ ave deteimined the success late foi each of 

iinn 166 ^ 10ups Patients m which the tilt (22 eais), needle 
p and ch isel (144 eais) techniques weie used (see 

We (A B G and MRC) admimsteied all puie tone tests in 
acous ica ly-tieated looms with an ambient noise level of less 
* an ln the cutical fiequency bands with commeicialb 

aval a e clinical audiometeis The cahbiation of each audi- 
ometei was standaidized legulaily with the Allison calibiu- 
lon unit, Model 3A Speech tests weie admimsteied eithei 
with the above equipment oi, using the legulaily calibrated 
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The lesults weie fai moie gratifying than those accom¬ 
plished with the tilt technique, but at the end of six months, 
20 pei cent of the eaily successes had again lost then gam 

CHISEL METHOD 

Wheieas the mdd and model ate ankylosis could be mobil¬ 
ized quite satisfactory -with needles, the method was not 
often successful in mobilization of the moie seveiely ankylosed 
footplate The next logical step was the use of chisels to cut 
thiough the otoscleiotic foci Foi the development of the 


TABLE II 

Needle Method—106 Ears 


Early Results (1 month) 

Successes Threshold__ 

Bone-AIr Gap__ . 

Improved___ _ 

No Change--- 

Loss _ „____ _ _ 

No Early Record__ 

Late Results (Average 6 months) 

Successes Threshold __ 

Bone-Ali Gap __ _ 

Improved___ _ _____ 

No Change __— _ „ 

No Late Record _ 


_ _ _60 

__ 6 62% 

_ 11 10 % 

_ _ _27 26% 

_______ 2 2 % 

__ _ 1 1 % 

1 ZZZ-ZZ^t 47% 

_ ___10 9% 

_____ __ 33 31% 

'II* “““ _ 1 9 9% 


technique and the design of the instruments, we aie indebted 
to Heeimann I may not use the mstiuments in piecisely 
the mannei that he does, but this is not important as long 
as the end lesult is lysis of the stapedial footplate m continu¬ 
ity with one oi both cruia Heermann fust designed a slight¬ 
ly cuived and a stiaight chisel* which I now refer to as the 
“heavy” models and which I use fust on all but the very thm 
otoscleiotic foci About six months ago he designed hghtei 
models which I use continuously, and lefei to as the curved, 
levelsed-curved, and stiaight “light” models In oidei that 
the leadei may gam a cleai impiession of the shape and size 
of the chisels in i elation to the stapes, they aie shown to 
scale in Fig 2 

•Available from F L, Fischer Co Freiburg im BrelSffau Geimanj 
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The thiee gioups weie lated m teims of eaily and late 
successes, the eaily successes being deteimined by audiometnc 
tests taken about one month aftei opeiation, and the late 
successes thiee months 01 longei aftei opeiation, thus, the 
aveiage time aftei opeiation foi the late tests was eighteen 
months foi the “tilt” eais, six months foi the “needle” eais, 
and foui months foi the “chisel” eais 

tilt technique 

Aftei I fust saw Rosen demonstiate his method in October, 
1954, I attempted to follow it As much as 1 dislike in in¬ 
ducing new teimmology, I cannot bung myself o esc 
my own attempts to mobilize by applying piessuie o ie 

TABLE i 

Tilt Method—2 2 Ears _.--- 

Success 

Eaily (1 month) 

Late (aveiage IS months) 

Improved 
No Change 

Loss _ 



of the stapes as the “Rosen method”, foi to doiso would ^ 
no compliment to Rosen _Obviously he ha eve < mjr a t- 
of skill in applying this foice which elude > ^ clUial 

tempts to lock oi tilt the stapes veiy of en i 
fiactuies The lesults aie shown m Table I 

needle technique 

I was veiy giateful when House and Goodhillthe 
then techniques m Januaiy, 1956 , whici c stapeS b\ a 
skillful application office to the head of utting the 

needle and, if that failed, by piymg, P us lin ^ caie being 
margins of the footplate with sharp needles gi g the 
dnected at mobilizing the footplate Wltl h(J nee dles to 
ciuia Dunng 1956 and eaily 1957 I uti Result 3 

the best of my ability on one hundied and six 
aie shown in Table II 



SCHUKNECHT, ET AL STAPES MOBILIZATION 


733 


saiy, to acqune the best possible view of the ciuia and foot¬ 
plate I make no attempt to mobilize the stapes with, tians- 
mcudal 01 tians-capitulum foice, but pioceecL immediately to 
make the fust chisel placement antenoi and adjacent to the 
antenoi ci us so as to cut thiough the antenoi otoscleiotic 
focu s 



Fig: 3 a. Sites of injection for anesthetic agent (3 dots) and location 
of meatal Incisions (broken line) b Typical \iew of operati\e field 
Center Method of placing chisel utilizing 10 to 16 power magnification 


A handle can be purchased to hold the chisels, but I piefei 
to hold the chisel m position by giasping the small tab located 
on the shaft with the baie fmgeis of eithei the left 01 the 
light hand, whichevei is the most convenient, while the 
oppositie hand holds the speculum The nuise 01 assistant 
taps the chisel with a small hammei, using light to heavier 
blows, as dnected by the opeiatoi Sometimes the nurse 
holds the speculum, leaving the opeiatoi’s opposite hand to 
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The injection sites, skin incisions, position of the hands 
when holding the chisel and the noimal view of the opeiative 
field aie seen m Fig 3 The skin flap must b e laige enough 
tojiovei the defect left by lemovmg bony annulus postenoily 
and to allow inspection of the lound window Bony annulus 
can be lemoved with eithei cuiettes 01 buis Accumulation 
o f bo ne dust makes the bui somewhat objectionable Some- 


1 3 


2 4 5 



Fig 2 Drawing of normal stapes with part of footplate ina C , 

away to show thin central region and views of the chisel poiius 1 

to scale and enlarged For the anterior margin of the footplate j 

(heavy curved) and-Chisel 3"(llght curved) are usual]} best sun* r 
though No 2 (heavy straight) and No 4 (light straight) ma> 5 

in some cases Nos 2 and 4 are used for the superior margin 
(reverse curved) for the posterior margin 


times electiocauteiy is needed to contiol bleeding fioni tie 
skm incisions The choido-tympani neive usually is ie ^ e ^ cc 
downwaid, but occasionally upwaid, so as to pieseive it e 
stapes is touched gently with a needle to detemune "he iei 
it is fixed In only one eai (of 269) was a mobile stapes 
found, and this eai was one of thiee with total lound " in 
closuie, the otheis having stapes ankylosis in addition 
tains and budges of mucous membiane aie cut away, if nece 
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Fig 5 a. Incus remo\ed In cada\er specimen to show anatomj of foot¬ 
plate region b Chisel placed at anterior margin of footplate c. Chisels 
placed anteriorly and superiorly d Chisels placed anteriorly and pos¬ 
teriorly 


wield the hammei The cuived chisel is best suited to the 
anterioi maigm of the footplate, although the stiaight ones 
can be used m some cases, the “heavy” model being used 
fust until a slight movement of the stapes is seen, aftei 
winch the “light” model may be used to cut the lemamdei of 
the focus With two 01 thiee light taps of the chisel, thm 
otoscleiotic foci will be cut, and total mobilization of the 
stapes will be accomplished Foi thick and extensive oto¬ 
scleiotic foci the “heavy” model chisel may be used m two 01 
thiee antenoi locations, so as to cncumfeientially cut the 
focus Then the stiaight “heavy” 01 the stiaight "light” 
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nella effect The objective of mobilization m mild, model ate 
and seveiely ankylosed stapes is seen m the diagiammatic 
sketches m Fig 4 

Aftei the footplate is loose, a needle is inserted into the 
mcudo-stapedial joint and locking movements, as well as in- 
and-out movements, aie made to msuie complete mobilization 
of the stapes, using caie not to dislocate the incudo-stapedial 
joint A disarticulated, 01 subluxated, joint should be avoid- 


TABLE III 


Chisel Method 


Eaily Results (1 month)___ _ 

Successes 

_ 144 

ears 


Thresholds _ _ _ _ 

_ -99 

69% 


Bone-Air Gap___ __ 

_ 10 

7% 

76% 

Improved-—__ 

_20 


14% 

\o Change ~ .. . 

1? 


8% 

Loss . 

__ 3 


2% 

Late Results (average 4 months)__ 

Successes 


ears 

Thresholds _ _ 

..49 

66% 


Bone-Air Gap .. . .. 

_ _ 4 

6% 

72% 

Tmprnvf>d 

. .. 9 


12% 

13% 

3% 


.10 


Loss 

.. 2 



ed, foi this might lesult m some heaung loss, and a few db 
one way 01 anothei can be cutical foi the patient 

Suigical audiometiy, that is, healing testing m the opei- 
atmg 100 m, is employed m all opeiations using the Ambco 
Otometei In geneial, heaimg impiovement m the operating 
loom indicated a successful mobilization, but many eais 
which did not impiove in the opeiatmg loom also had a sub¬ 
sequent good lesult We continue to use suigical audiometry 
but do not considei it essential foi successful suigery A 
much moie leliable indicatoi is the suigeon’s visual and 
tactile impression of the state of mobility of the stapedial 
footplate 

The most common chisel placements aie shown m Fig 5 
Some common otoscleiotic lesions aie seen in Fig 6 and 
were sketched by Mi Stebbms at the time of opeiation The 
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stapes mobilization 



operation 4 shown a Hon.?* 10 ', moderate otosclerotlc lesions ns semi at 
Plate Chisel marks cnn otosclerotlc lesion lnvol\ln„ the entire foot 

It was Impossible to acconfnfith 11 a both su P erl °r mul Inferior nur In. 
nuch cases in the total of'^CD 3 * m °kTzatlon I 11 tills ear There were fho 


^ j C ^ lse ^ ls use< ^ supeuoijy, and the leveise cuived clusel 
•sec postenoily to accomplish fuithei lysis as necessai} 

w ,^ cc ^® 10na ^y theie aie lineai fiactuies thiough the footplate 
en ^ i e opeiation is completed, but this is not seuous so 

r aS p °^ e 01 Cllua lemam intact and in continuity with 
liait of the footplate 

n eais with veiy thick, extensive otoscleiotic foci, it is not 
possi e o pieseive the continuity of the anteuoi cius, hut 
m these cases a thoiough lysis of pait of the footplate must 
be accomplished with the postenoi cius pioudi ng the colum- 
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It is intei esting to note that nine eais weie le-opeiated and 
of tliese success was attained m six The high success late of 
le-opeiated ears piobably is because the chisel method was 
used m the second opeiation The lesults aie summanzed 
as follows 


METHOD 


Original Operation 


Re-Operation 

Tilt 

o 


Needle 

_1 

Chisel 

fi 


Chisel 

S 


9 



9 



RE-OPERATION RESULTS 






Unchanged 

Success 




.i 

ISH 

Chisel 



o 

6 




3 

6 


SUMMARY 

The stapes mobilization opeiation was performed on 269 
patients between October, 1954, and Decembei, 1957 The 
late success rate (thiee months, plus) utilizing the tilt tech¬ 
nique was 14 pei cent of 22 eais, with the needle technique 
it was 47 pei cent of 106 ears, and, with the chisel technique 
it was 72 per cent of 72 ears 

The chisels designed by Heermann are effective instruments 
for mobilizing the footplate while pieserving the continuity 
of one or both ciura and maintaining theieby the columnella 
effect 

Acknowledgments We axpiess oui appieciation to Mr 
Thomas Stebbins for his illustrations, and thank Mi David 
Shephard, Mi Dennis Bagana and Mrs Harold F Sehu- 
knecht foi their assistance m analyzing the audiometnc data 
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lesults of the chisel method aie shown m Table III The 
chief leason why we have late lesults only on 74 of the 144 
eais, is that 43 opeiations weie peifoimed less than thiee 
months befoie the analysis was made, and 12 patients lived 
out-of-town and weie inaccessible An inteiestmg diffeience 
between the chisel gioup and the needle gioup is that the 
peicentage of late successes (thiee months oi longei) is al¬ 
most as high as the eaily successes (one month) The num- 
bei of patients who lost then eaily heaung gam was some¬ 
what less, but the mam diffeience was that a numbei of 
patients passed fiom the impioved to the success gioup aftei 
one month 


COMMENTS 

The complications foi this entile gioup of 269 opeiations 
aie summanzed as follows 


Teais of the tympanic membrane — 
Persisting peiforattons „ - 

Profound hearing losses 

One sterUe labj rintliitis, one cause unknown 
Otitis media (after five days) 

Otitis externa 

Postural vertigo ~ _ 


0 

9 


3 

4 


Heaung losses weie expellenced m eight (3 pei cent of 
269 eais The cases aie listed as follows 


Tilt (1 of 22) 

12 5 db , cause unknown 
Needle (4 of 106) 

15 db , pneumatic hammei 

15 db , stapes depiessed into oval window 

15 db, cause unknown 

Piofound loss—initial success—loss aftei lapaiotomy 

Chisel (3 of 144) 

10 db , cause unknown 

Piofound loss, sterile labyimthitis 

10 db , footplate fenestiation with lemoval of incus 


A GUIDE FOR STAPES SURGERY BASED ON A NEW 
SURGICAL CLASSIFICATION OF OTOSCLEROSIS * 


Richard J Bellucci, M D , 


New Yoik, N Y 

A bettei appieciation of the gioss pathology of otoscleiosis 
involving the oval window and stapes had been obtained with 
the intioduetion to otology of the suigical micioscope Al¬ 
though the bmoculai loupes and headlamp weie eonsideied 
satisfactory at one time, it seldom was possible with this 
equipment to obtain a piecise concept of the otoscleiotic m- 
\ olvement 01 to appreciate the lesults of the mobilization 
pioeeduie In letiospect, the mobilization opeiation as intro¬ 
duced by Rosen 1 can be eonsideied a jposs proceduie nhieh 
does not account foi the variations m type and distnbulion of 
the otoscleiotic lesion In the original description of the opera¬ 
tion, a cleai view of mcudo-stapedial joint and stapedius 
muscle tendon was eonsideied sufficient visualization, and 
the pioeeduie simply required the application of the foice 
to the neck of the stapes m the diiection of the stapedius 
muscle tendon No investigation of the footplate was eon¬ 
sideied necessary, and poor visualization had to be supple¬ 
mented by a keenly developed tactile sense This type of 
suigery produced successful lesults in eompaiatively few 
patients—piesumably those with eaily and small otoscleiotic 
lesions In the moie advanced cases, both crura weie often 
fractuied befoie the stapes footplate could be mobilized The 
application of force either to the head and neck of the stapes 
01 by the tians-mcudal technique 2 - 3 without adequate visuali¬ 
zation of the otosclerohc lesion at the footplate did not permit 
an opportunity to modify the technique accoiding to location 
and degiee of pathology, consequently, only cases of minimal 
otoscleiotic involvement could be mobilized, accounting foi 

•Read before the meeting of the Eastern Section American Laryn¬ 
gology cal Rhinological and Otological Society Philadelphia. January 
<1-10 195S 

Editors Vote This manuscript received in The Laryngoscope Office and 
accepted for publication Dec. 2S 1957 
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4 Heerm vnn-, H Mobilisierung des Stelgbugels durcb Ausmeisseln uuj 
Emu ai tsverlagern der Fussplatte /.:tsch Lai yngol Rluiiol Otol 35 7 
Julj, 1956 

5 Meurai in Y Stapes Mobilization and Otosclerosis 4 rch OloL 

66 464 479, Oct, 1957 

6 Portmvnn, Michele Personal communication 

7 Shf\, John, Jr Personal communication 


PROGRAM OF THE SEVENTH INTERNATIONAL 
CONGRESS OF BRONCHOESOPHAGOLOGY 

Meeting Place—Kyoto Univeisity, Kyoto, Japan 

Fuday, Septembei 12th, 1958 

8 00 PM-10 00 PM—Reception (Paity) Shimomuia 
House m Kyoto 

Satuiday, Septembei 13th 

8 00 AM—Inauguial Session (m Kyoto Univeisity Hall) 

9 00 AM-12 00 M—Fust Scientific Session 

12 00 M -2 00 P M —Luncheon (Reception The Place not 
decided) 

2 00 P M -6 00 P M —Sightseeing m Kyoto 
8 00 PM —Banquet, Miyako Hotel 

Sunday, Septembei 14th 
8 00 AM-11 30 A M—Second Scientific Session 

11 30 AM-12 00 M—Closing Ceiemony 

12 00 M—Depaituie foi sightseeing in Naia 

1 00 PM—Luncheon, Naia Hotel 

2 00 P M -6 00 PM—Sightseeing in Naia 
7 00 PM—Return to Kyoto 
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Fig - 1 Class I—Early Otosclerosis Stapedio-\ estibular Joint apace is 
not reduced and otosclerosis is not \isible The footplate appears thin 
and bluish in color 


stiuctuies aie situated so fai postenoily with lespect to the 
external auditory canal that the incus is not visible when the 
drum is leflected In these cases the bone of the postenor 
canal wall must be lemoved widely ovei the mcus at the 
annulus The lemoval of bone in this aiea is a lelatively 
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the low peicentage of good lesults obtained by these tech¬ 
niques 

It is geneially accepted that the best lesults aie obtained 
when the ciuia of the stapes aie not damaged dining the 
mobilization pioceduie It is tluough the intact ossicular 
chain that sound piessuie noimally is transmitted to the 
oval window, and eveiy effort should be made to piesene 
this natuial loute of conduction It is not lational, theiefoie, 
to fiactuie the ciuia and then attempt to mobilize the foot¬ 
plate of the stapes The technique of mobilization in which 
the foices aie applied eithei to the head and neck of the 
stapes 01 by tians-mcudmal means have now been discaided 
All mobilizing foices aie applied directly to the point of 
fixation at the footplate which considerably diminishes the 
usk of fiactuung the ciuia before the footplate of the stapes 
can be mobilized 

The application of the mobilizing foices dnectly to the 
footplate had not been safe when no moie magnification was 
available othei than the loupes and headlamp With high 
magnification the footplate of the stapes can be manipulated 
undei the combined sensations of touch and bmoculai vision 
making possible positive conti ol ovei the mobilizing f° rce 
Suigical penetiation thiough the footplate into the vestibue 
dunng the mobilization opeiation laiely occuis when tie 
stapes is visualized undei high magnification, and conse 
quently veitigo is experienced m veiy few cases 

High magnification also peimits the caieful examination 
of the position, extent and chaiactei of the otoscleiotic lesion 
It is then possible to modify the mobilization technique ac 
coiding to the pathology encounteied As an excellen ex 
posuie of the footplate is obtained m ovei 90 pei cent o ^ 
cases, theie aie few occasions when the suigeon 
have the opeiation undei his complete visual conti ol 1 

the use of the micioscope, the pathology can be seen c eai j 
and a caiefully planned course of mobilization P l0C 
can be chosen In less than 10 pei cent of the cases t le ie 
is obscuied by the tortuosity and size of the external au i ^ 
canal or by the anatomical vai rations in the position o ^ 
oval window in the middle eai At times the mid e e« 
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Fie 3 Class III-—Ad\anced Otosclerosis Large otosclerotlc le3ion 
which obliterates the stapedio--* estlbular joint space and in\ol\es one 
crus of stapes The other crus and most of the footplate are free of 
otosclerosis 


angulation and depth of the stapes m the oval window niche 
can be so unfavorable that it can impose a consideiable handi¬ 
cap to the surgeon Routinely, the mobilizing foices aie 
applied only to those portions of the stapes footplate which 
aie cleaily seen In these unfavoiable cases visualization is 
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Fig- 2 Class II—Moderately Advanced Otosclerosis Stapedlo-'est b 
joint space Is bridged by an otosclerotlc lesion which has i nint 

the \estibular wall to the adjacent portion of the footplate Tno J . 
space is visibly narrowed but the crura of the stapes are not in\oi 
the lesion 


safe pioceduie and should not compiomise adequate visuali¬ 
zation of the stapedial footplate 


Anatomical vanations within normal limits often occur 
m the legion of the oval window and the stapes The ciuia 
of the stapes vary in size consideiably Some aie evtieme\ 
fiagile and aie mjuied easily The ciuia also may assume 
a vanety of positions with legard to the suiioundmg stiuc 
tuies Quite unfavoiable foi suigeiy is the deeply seate 
footplate in an oval window aiea which has a high hp at m 
piomontoiy side 01 a facial neive which oveihangs the o% a 
window lmpamng duect visualization (see Fig 6) 
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Fi& 5 Class I\—UnfaAorable for Mobilization Entire footplate of 
stapes has been replaced b^ otosclerosis 


fixation at the stapedio-vestibulai joint As the footplate 
noiraally has a slight degiee of flexibility, it is possible, using 
light piessuie of the needle, to obseive slight motion of one 
mobile end of the footplate of the stapes when the othei is 
fixed solidly by otoscleiosis The small amount of motion 
obtained when the stapes is bent can be appi eciated onh 
with bmoculai vision undei high magnification This m- 
foimation will dnect the application of the mobilizing foices 
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Cta.3a^ IV—Unfavorable for Mobilization Reduction of ocal 
rnnti^'n , P i h< ! to a nar row slit presenting adequate equalization a"' 1 
fii? Instrumentation The facial ner\e overlmnKa the footplate ani ) 

the pro P63 t 3 cro " ded b > a lar ^ e otoscerotlc lesion uliith projects from 


pool, and blind application of the mobilizing mstiunients on 
the footplate is not lecommended 

PALPATION 

Although adequate exposuie and dnect visualization of 
the oval window niche aie impoitant, much can be gained b\ 
caieful palpation It is possible to locate the legion of f lxa ' 
tion by applying gentle piessuie with a needle m oideib 
sequence to the incus, incudo-stapedial joint, and head and 
ciuia of the stapes Fuithei palpation of the footplate di 
lectly will leveal infoimation legal ding the exact point o 
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tion is consideied essential m evaluating any particular case 
foi revision 

Following a successful mobilization it is possible to check 
the ossiculai chain foi continuity by observing the motion 
of the footplate when downwaid piessuie is applied at the 
lenticular piocess of the incus When the ossiculai continuity 
has been pieserved, motion induced in the footplate can be 
seen dnectly and is transmitted also to the lound window 
niche wheie it can be visible This piovides conclusive pi oof 
that sound pressuie is passing through the cochlea Less 
emphasis, theiefoie, can be placed on sub 3 ective lesponses 
and audiometiv m the operating room 

SURGICAL CLASSIFICATION OF OTOSCLEROSIS 

Adequate information for classification has been obtained 
when the exact location, natuie and position of the otoscleiotic 
lesion has been determined The selection now can be made 
of a mobilization technique winch will be the most suitable 
to manage the paiticulai tjpe of lesion encounteied When 
sufficient surgical expenence has been obtained m lecogniz- 
mg the variations m the distribution and degiee of mvohe- 
ment assumed by otoscleiosis, it can be understood easily 
why one mobilization technique can not give a satisfactoiy 
peicentage of good results In this study a highei peicent- 
age of good results has been obtamed only when the technique 
of mobilization had been modified to meet the particulai vaii- 
ations of the otoscleiotic lesion The opeiation for the 
mobilization of the stapes at tins point takes on a new chai- 
actei The pi esenting anatomy and pathology must be studied 
caiefully and a suigical plan is formed eithei to encumvent 
the lesion when it is extensive, or to apply the mobilizing 
foices dnectly to the point of fixation causmg separation 
through the otoscleiotic lesion 

Although mnumeiable valuations occui m middle ear an¬ 
atomy and m the otoscleiotic involvement, certain similanties 
have become evident which peimit a classification on anatomic 
and pathologic basis All cases can be catalogued within 
foui general classes, and a suigical technique is desenbed 
v hich is suitable to deal with each type of mvol\ ement 
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Prominent facial ‘nerle 60 deep ov 


Mobilization Both crura urc flxt<l 
of the i)romo»tor\ Tin. footplate of 
window niche and la obscured b> ** 


othefliaibf by the otoscJeiotlc lesion Injur} to 

can ho , f 16 stapes not responsible, foi the ankylosis 
can be avoided by these means 


- w »in,uuo 

' eSuIts [°f t , he mobilization pioceduie also can be detei- 

can hi ? U J ate y by palpat,on Injured poitions of the stapes 
an be easily recognized and should be noted This infomia- 
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2 Definite nailowing of sfcapedio-vestibulai joint by visible 
otoscleiosis is piesent The lesion usually involves a portion 
of the footplate of the stapes but neither cius is involved m 
the otoscleiotic lesion 

3 The usual normal blue coloi of the footplate has lemamed 
unchanged except foi a legion neai the otoscleiotic focus, 
wheie it is white and opaque 

Jt Palpation undei magnification leveals solid fixation at 
one end of the stapes The othei end exhibits slight motion 

In tins study, most cases of otosclerosis piesented the chai- 
actensties of Class II Methods of mobilization which depend 
upon the stiength of the ciuia aie successful only occasionally 
when the otoscleiotic lesion has advanced to this degiee 
Undei these conditions the ciuia usually aie not stiong 
enough to withstand the piessuie lequned to fiee the foot¬ 
plate, and fractuies of the ciuia occui often when the mobiliz¬ 
ing foice is applied to the head oi neck of the stapes Appli¬ 
cation of the mobikzing foice dnectly to the otoscleiotic 
lesion at the footplate permits mobilization m many of these 
cases without the dangei of Iosmg ossiculai continuity The 
application of piessuie, depiessmg the footplate into the 
oval window, with a shaip curved needle at the base of the 
involved cius neaiest the fixation can be an alternate means 
of applying the mobilizing foice When this involvement is 
extensive, extieme caie is needed to pi event penetiation into 
the vestibule oi mjuiy to ciuia When attempting to achieve 
mobility, the otoscleiotic lesion can be weakened by many 
le-applications of supeificial needle punctuies performed 
undei direct visualization These punctuies can be done 
safely undei the control of vision and touch Dui mg this 
type of mobilization theie is usually a fiactuie of the foot¬ 
plate oi sepaiation of the stapedio-vestibulai jomt with a 
loss of a small amount of peillymphatic fluid As the pies¬ 
suie has been applied only to the footplate, the ciuia usually 
lemam mtact Occasionally the cius neaiest the otoscleiotic 
lesion may be mjuied This is not of senous consequence as 
healing impiovement is possible when continuity is main¬ 
tained between the mtact cius and a mobile portion of the 
footplate 
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Class I, eaily otoscleiosis has been obsexved m 36 pel cent 
of cases studied (see Fig 1) 

Chai act eristics 

1 Good exposuie and visualization of footplate is possible 

2 No evidence of nan owing of stapedio-vestibulai joint 
and no otoscleiosis is visible 

3 The tootplate of stapes is of a normal blue coloi, smooth 
and legulai 

4 Palpation undei magnification leveals fixation at one 
end of the footplate of the stapes, slight motion can be ob¬ 
tained at the othei end 


Cases with eaily otoscleiosis, m which the lesion is veij 
small and not visible with the micioscope, aie giouped in this 
class The otoscleiotic lesion is assumed to be eithei entneh 
fibious oi containing a minimal amount of calcification Us 
ually mobilization is accomplished easily by gentle piessuie 
of the needle at the point of footplate fixation Needle pies¬ 
suie (foicing the footplate into the oval window) at the base 
of the cius neai the stapedio-vestibulai joint usually is suc¬ 
cessful when attempting to achieve footplate mobility (see 
Fig 1) Penetiation into the joint space is laie, as the 
mobilizing foice is undei the dnect contiol of vision and 
touch, and escape of peiilymph also is laiely seen It is 
leasonable to assume that most cases which teimmate success¬ 
fully when the mobilizing foice was applied to the neck oi 
head of the stapes had minimal otoscleiotic involvement am 
could be included in Class I Those cases with moie advance 
lesions, such as those giouped in Classes II and III " 0Ul 
have teimmated unfacoiably with the eaily techniques, as 
these lesions needed moie foice foi footplate mobilisation 
than could be applied thiough the ciuin of the stapes 

C/nss II modelutely aduinced otosclei osm was obseiwd 
m 11 pei cent ol cases (see Fig 2) 

CliaiaLtcUbtus 

1 Good exposuie and visualization oi iootplate i» obtumd 
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to obtain a significant lmpiovement m healing, theiefoie, 
all efforts should be made to pi event fiagmentation A cius 
of the stapes lestmg in the peiilymph of the oval window 
without an attached portion of footplate does not perform 
well, and a satisfactory impiovement m healing is usually 
not obtained 

Class IV, unfavo-iable fo> mobilization of the stapes, aie 
cases with very advanced otoscleiosis and those complicated 
by extiemely difficult anatomic variations Only nine pei 
cent of cases m this study weie found to have these chaiactei- 
lstics 

Chai actenstics 

1 There is pooi exposuie and visualization of oval window 
due to extieme anatomic variations (see Fig 4) 

2 Laige otoseleiotic lesions may be seen, which have re¬ 
placed the footplate completely with solid white bone obliter¬ 
ating the stapedio-vestibular joint (see Fig 5) 

3 Extensive otoseleiotic lesions originating fiom the mai- 
gin at the promontory and involving both cruia aie also 
unfavorable Included aie cases with appaiently normal 
blue footplate, but the crura of the stapes aie fixed solidly 
at the piomontory edge (see Fig 6) In these cases the 
footplate of the stapes lies deep m the oval window niche 
The stapes is tilted toward the piomontory lip and otosclerosis 
involves both ciuia just below the neck 

Cases with unfavoiable prognosis legal ding the applica¬ 
tion of mobilization pioceduies aie grouped m Class IV 
These cases aie consideied unfavorable when the anatomy 
of the middle eai is abnormal, permitting neither adequate 
visualization noi contioiled instrumentation at the footplate, 
the piognosis is also unfavorable when both ciuia aie fixed 
by otosclerosis In these cases the footplate lests deep in 
the niche of the oval window, and fixation of the ciuia occurs 
usually at the lip of the promontory The footplate itself 
may be normal m appeal ance, but continuity of the ossiculai 
chain is usually intei lupted m attempting to lelease the 
fixed ciuia fiom the piomontory 
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The technique of applying the mobilizing foice dnectlv to 
otoscleiotic lesion at the footplate has been most successful 
in Class II Many of these cases would have teimmated 
unsuccessfully with fiactuies of the ciuia if the mobilizing 
foices had been applied to head 01 neck of the stapes Appli¬ 
cation of foice to the otoscleiotic lesion meets the lesistance 
at the stiongest point, piovidmg gieatei opportunity foi suc¬ 
cessful mobilization of the stapes The diffeience in statistics 
published m 1956 7 and those leported m this study lepiesent 
chiefly the accomplishments of this piesent technique in this 
class of otoscleiotic involvement 

Class III, advanced otoscleiosis, was found in 14 pei cent 
of cases studied 

Chat actenstics 

1 Good exposuie and visualization of footplate is piesent 

2 A laige otoscleiotic lesion involves the stapedio-vestibulai 
joint, one cius of the stapes, and a portion of the footplate 
(see Fig 3) 

S Neai the otoscleiotic lesion, the noimal blue cold of 
the footplate is leplaced by solid white opaque bone 

4 Palpation leveals solid fixation of the gieatei pait of 
the footplate, but slight motion can be demonstiated at tie 
unmvolved end of the footplate 

When a laige otoscleiotic lesion of this type is f° unt LjJ° 
attempt is made to fiactuie duectly thiough the lesion 
cius is divided above the otoscleiotic mass as lecommen e 
by Fowlei, 5 peimittmg the unmvolved cius to maintain coo 
tmuity with the unmvolved portion of the footplate 
footplate is fiactuied in its midportion by multiple supei icia^ 
punctuies with a fine cuived needle Usually theie is ^ 
escape of penlymph thiough the fiactuied footplate cC 
sionally othei lines of fiactuie occui with flagmenta ion 
the footplate into seveial parts This is to be avoi e 
only a small fiagment of the footplate may lemain a ac ^ 
to the mobile cius, insufficient to peimit tiansnussicm ^ 
sound piessuies Approximately one-half of the too P 
attached to the functioning cius has been found necess 



BELLUCCI STAPES SURGERY 


755 


It is unfortunate that this decision excludes cases with neak 
cochleai function, as some of the most impiessive lesults 
obtamed by mobilization of the stapes proceduies aie m this 
gioup Although a lemaikable lmpiovement m heaung has 
been obtained following the mobilization of stapes m many 
patients with weak cochleai function, these cases aie not 
lepiesented m this statistical analysis By accepting only 
ideal candidates it is possible to compare accuiately results 
obtamed by the techniques piesently in use with the formei 
pioceduies m which the mobilizing foice was applied to the 
neck of the stapes Consideiable lmpiovement has been found 
to exist when the lattei group of cases is compaied to the 
formei 

When the mobilizing foice was applied dnectly to the 
otoscleiotic lesion at the footplate, an immediate improve¬ 
ment (one week postopeiative) in heaung to above the 30 
db level was obtained in 72 pel cent of cases This figuie 
is moie than double that obtained (35 pei cent) when the 
foice was applied to the neck oi head of the stapes This 
diffeience m peicentage occuned as the result of a l educed 
numbei of mjunes to the ciuia of the stapes and to the 
pieservation of the continuity of the entile ossicular chain 
The earliei techniques depended chiefly on the stiength of 
the ciuia foi mobilization of the footplate, and in most cases 
once the ciuia weie fiactuied no further manipulation was 
possible The application of foice dnectly to the point of 
fixation peimits consideiably moie maneuvering and manipu¬ 
lation, yet pieserving ossiculai continuity Although the 
figure of 72 pei cent is encoui aging, failuie to obtain im¬ 
mediate lmpiovement m heaung occuired m 28 per cent 
In these cases the otosclerotic lesion was eithei too extensive 
to be safely mobilized, the anatomy of the oval window was 
unfavoiable, oi, accidental fracture of both crura occuned 
with loss of ossiculai continuity Unfavoiable anatomy and 
pathology accounted foi nine pei cent of these failuies, and 
17 pei cent did not have a satisfactory lmpiovement m 
heaung because of accidental injury to the footplate oi ciuia 
of the stapes In two pei cent of these cases the otoscleiotic 
lesion also involved the lound window niche 
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I he piognosis also is consideied unfavoiable when the oto- 
scleiotic lesion has entuely leplaced the footplate, obhteiating 
the stapedio-vestibulai joint In this study the ciuia were 
found fieely movable in two cases In both a laige otoscleiotic 
mass had leplaced the footplate completely and had 1 educed 
the ciuia to thin fibious and flexible stiands of tissue Chis¬ 
els, buis and hooks used to achieve mobility 01 fenestiation 
of the footplate, when completely leplaced by otoscleiosis, 
weie found to expose the labynnth to undue usks When 
confionted by anatomic and pathologic conditions chaiactei- 
lstic of Class IV, mobilization of the stapes opeiation is not 
lecommended, as the safety of a contioiled opeiation is lost 
It is piefeiable to considei the fenestiation of the honzontal 
canal, which avoids this aiea of excessive otoscleiotic involve¬ 
ment and piovides the technical conti ol lequned foi this 
delicate suigeiy House 0 agiees with this point of view De- 
libeiate fenestiation of the footplate has not been attempted 
as all cases m which the footplate has been fenestiated 
accidentally have had only a slight initial impiovement in 
heaung which was lost within a lelatively shoit time It is 
well lecognized that one type of medical 01 suigical manage¬ 
ment cannot be ideal foi all vanations of a disease piocess 
This medical axiom should be applied to the stapes mobiliza¬ 
tion opeiation 


DISCUSSION OF RESULTS 

The lesults obtained in a senes of 100 cases, consideied 
ideal foi fenestiation suigery weie leported in 1956 
that time it was believed valuable to establish a baseline oi 
the new mobilization of stapes opeiation perfoimed e\ac \ 
as mtioduced by Rosen, using candidates ideal foi the fenes 
tiation opeiation (horizontal semi-cnculai canal) Attemp s 
to lepiesent statistically all cases acceptable foi mobiliza ion 
suigeiy, including those with weak cochlea function, > e 
possessing some degiee of cochlea leseive, pioduced con 
sideiable confusion in the presentation of lesults, theie oie, 
only lesults obtained with ideal candidates weie lepoite 1 
1956 Again, m this piesent study of 100 cases, using ’ 
descubed suigical techniques, only ideal cases which sa ^ is 
the ciitena foi fenestiation opeiation have been mclu e 
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the footplate had been achieved often by a fiactuie dnectly 
thiough a solid but active otoseleiotic lesion which laiely 
would have occuned by the eailiei techniques The footplate 
techniques also cieate moie leaetion at the site of the anky¬ 
losis, possibly hastening 1 e-fixation m some cases 

Veitigo fiequently has been encounteied dunng the opeia- 
tion foi the mobilization of the stapes This symptom can 
be induced by meiely applying the aspnation tube neai the 
lound window niche, 01 can be caused in the piocess of mobil¬ 
izing the stapes 

When the mobilizing foice was applied to the head 01 neck 
of stapes fewei patients complained of vertigo at the time of 


TABLE II 


Duration of 

Vertigo 

Mobilization at 
Head or Neck 

Direct Mobilization 
at Footplate 

At Operation- 

_ _.10 0% 

31% 

Less than 24 hrs __ 

-- -- 3 2% 

10% 

More than 24 hrs ~ 

. - - 20% 

6% 


suigery, and only 2 0 pei cent expenenced vertigo lasting 
ovei 24 houis Table II piesents a companson with latei 
cases, in winch the mobilizing foice was applied dnectly to 
the footplate of the stapes Although many moie patients 
expeilenced veitigo at the time of suigery, few patients con¬ 
tinued to expeilence veitigo aftei 24 houis 

These lesults aie lathei impiessive, as they testify that 
the labyimth is a heaity stiuetuie able to withstand suigical 
tiauma Vertigo as a lesult of shallow penetiations into 
the vestibule, accompanied by the loss of penlymph thiough 
a fiacture m the footplate, has been obseived to last seveial 
houis aftei suigery Deepei penetiation which may distuib 
the saccule oi the utucle causes distuibances m equilibnum 
which usually teimmate within a week It also has been 
noted that a penod of vertigo may follow an injury to the 
\estibulai sense oigans without causing a loss of healing 
below the pieopeiative level It has been found piefeiable 
to cover perfoiations of the footplate with a small piece of 
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1 that the “» 

duced an .mmedfate Cofemen ^f °' T Stapes >»- 

Only six pe, cent of theseTon, „ f P “ Cent of thc «<* 
foimei level of heanntr “ a p ed cases letmneii to the 
contiast to these figufes aT“ t f Peil T° f months ln 
piesent techniques AlthoTl e leSuIts ° btamed the 

immediate implement,n taanTlT^ *° ° Mal " a ” 
cases, 17 pei cent 10 f,„ neaim S 72 pei cent of tiie 

hewing within foui months A pi ?? peiatlve level of 

A leasonable explanation for 


table i 


X'umher ofTTiTTs 

Immediate Improvement 
Improvement Maintained 
One Month 
Four Months 
One Year 


Force Applied Force Applied 
to Neck Dlrectlj to 

or Stapea bootplatt 


100 

<15 


100 




- 30 
29 
21 


61 

5j 

Aot available 


a satisfactm^i ^ 11 136 Sug ' g ' es<:e ^ as t,le cases which obtained 

mquef ^eiTthn" 10 ^^ “ heailn e with the eaily tech- 

lesions of nt-n i 6 P° ssessin £ small and possible fibious 

trauTato the ^ T 1S Wlth thls ea ^ Pioceduie, little 

of mobilization but 1 °" vestlbulai J° mt occuned in thepiocess 

only a lelnfiv / ^ Was possi ^ e to mobilize the stapes in 

only a lelatively small peicentage of cases 

teiminaterJ S ^onable to assume that all cases which would have 
successful wb~ lly by 631 Jy techni Q u es would also be 

Plate In tte s^dTh m0b,hZln? f ““ ls “ <* 

II and ITT win i y beie weie m any moie cases fiom Classes 

Plate and a htfm 1 ^ m ° le extensive sui g®»y at t,ie foot ‘ 
tamed Thi jj 016 an lrn Piovement in healing was ob- 

ossiculai Ini adblt ' onaJ manipulation without the loss ot 
centage of e-nrH U1 ^ d ° ubtIessJ y accounts foi the lughei pei- 
laTiei neLnt lesuJts Jt app eais leasonable that a 

levSTm the !S° CaS6S ™ uld letuin to the pieoperatne 
late postopeiative penod as mobilization of 
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-i The suigeon must constantly keep in mmd that in the 
couise of mobilization of the footplate, penetiations, fenestia- 
tion 01 dehiscence pioduced in tins stiuctuie will only add 
usks which may 1 educe the quality of the final lesult 

5 The suigeon need not feel obliged to achieve mobilization 
of the footplate at any cost Cases piesentmg very advanced 
otoscleiosis oi difficult anatomy should be lecogmzed as 
unfavoiable foi the mobilization opeiation and should be 
spaied foi fenestiation of the honzontal canal 

CONCLUSIONS 

The use of the suigical micioscope adds consideiable safety 
to the mobilization of the stapes opeiation, as it peimits di- 
lect visualization of the otoscleiotic involvement, bettei con- 
tiol of the foices lequned foi mobilization and piecise nota¬ 
tion of the changes pioduced by the applied foices 

It is possible to diffeientiate foui classes of otoscleiotic 
involvement on an anatomic and pathologic basis nlncli can 
seive as a guide foi the choice of a suitable mobilization 
technique In ordei to apply this classification to any case, 
caieful study is necessary befoie mobilization is attempted 
This pie-mobilization evaluation, togethei mth a suitable 
mobilization technique, has been lesponsible m pioducmg a 
high peicentage of good lesults with few complications 
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Gelfoam satuiated m thiombm, as this tends to 1 educe the 
postopeiative vertigo Uncoveied peifoiations of the foot¬ 
plate aie usaully productive of moie vertigo and instability 
of longer duration 

As expei lence is obtained with mobilization techniques at 
the footplate, veitigo is obseived less fiequently In the last 
50 patients of a moie lecent senes of cases only 12 pei cent 
have expeilenced veitigo due to manipulation at the time 
of suigeiy All 50 patients weie dischaiged fiom the hos¬ 
pital 24 houis aftei surgeiy without any evidence of veitigo 
At the piesent time the gieat majonty of patients do not 
expei lence vertigo dunng the mobilization pioceduie, and 
when vertigo does occui it is mild and disappeais befoie the 
patient leaves the opeiatmg loom 

COMMENTS 

Blind application of the mobilizing foice to the footplate 
of the stapes is consideied to be a dangeious and bold pio¬ 
ceduie, as penetiation into the vestibule cannot be pi evented 
by the sense of touch alone The mobilization of the stapes 
must be consideied stnctly an external labynnthme opeiation 
m which any msti umentation penetiatmg deepei than the 
footplate exposes the end-oigans of healing and equilibnum 
to tiauma, seious and possibly puiulent labynnthitis The 
objective of all techniques at the footplate of the stapes is o 
achieve mobility with absolutely no penetiation into the ves 
tibule and with the least possible suigieal tiauma 

The techniques descubed above tend to emphasize the 
importance of the following aspects of stapedial footp a e 
suigeiy 

1 The aiea of the footplate which is to leceive the mobiliz 
mg foice must be seen dnectly under high magnification 

2 All manipulation is done with extieme gentleness, slovb 
and cautiously until the chaiactei, position and extent o Ic 
otoscleiotic lesion aie appieciated 

3 When the aiea of fixation is located the choice of 
zation pioceduie is made in accoidance with the foui c. 
of otoscleiotic involvement piesented in this study 



Fig 1 A repreaentati\ e section from a histologically benign glomus 
Jugulare tumor showing the regular arrangement of the cells and the lack 
of mitotic activity 


complete as there was still slight motion at the corner of the mouth on 
the left. The other positixe findings were limited to the left ear There 
was a tumor mass occupxing the inner half of the left external auditory 
canal and the tympanic membrane could not be visualized Roentgenolog 
leal examination of the mastoids repealed minimal sclerosis of the cells of 
the left mastoid however no other abnormality of the left temporal bone 
could be Identified The Weber test was strongly laterallzed to the left. 
Pure tone audiometrx revealed responses within normal limits for the 
right ear Losses averaging 40 db in the speech frequencies by air con 
duction weie obtained In the left ear with good preseryation of bone con 
duction Speech testing repealed a speech reception threshold of 40 db 
in the left ear with a discrimination score of S8 per cent. Histological 
examination of the tissue which had been remo\ed previously was re¬ 
ported to show a very highly vascular malignant tumor with cells having 





















histologically malignant glomus jugulare 

TUMOR (Case Report) 

Gordon D Hoople, M D, 

Wesley H Bradley, M D, 

Lee R Stoner, M D, 
and 

David W Brewer, M D, 

Syiacuse, N Y 

In the decade since Rosenwassei fust coil elated the clinical 
,ri Ki ln ^ S ^ omus Jugulaie tumoi with Guild’s pieviously 
pu is ed anatomical descnption of the glomus jugulaie 
o les, numeious examples of this neoplasm have been le- 
poited Intel est has not been limited to the otological liteia- 
uie alone, as excellent lepoits have also appealed in the 
journals of pathology and neuio-suigeiy 

Theie has been geneial agieement among auth ois that these 
neoplasms should be classified as histologically benign lesions 
(see Fig l) Then clinical behavioi with the typical histoiy 
of slowly developing symptoms, often ovei a penod of yeais, 
would substantiate this assumption, howevei, then tendency 
to invade adjacent vita] stiuctuies with the development of 
vasculai 01 neuiologic involvement thieatening the patient's 
life, has led some authois to descube these lesions as histo¬ 
logically benign, but locally malignant by position Metastatic 
spiead fiom a pumaiy glomus jugulaie tumoi has been ie- 
poi ted only infi equently 1234 

This case lepoit of a patient with a glomus jugulaie tumoi 
descubed as histologically malignant is added to the liteiatuie 
because of the infiequenc 3 r of such a lesion 


case report 


Tills 19tear old white male was first seen on February 10, 1050 wiil> a 
chief complaint of bleeding fiom his left ear of about one weeks duration 
The present Illness revealed that he had noticed increasing hearing I®* 4 
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Fig L A representatl\ e section from a histologlcallj benign glomus 
Jugulare tumor showing the regular arrangement of the cells and the lack 
of mitotic activity 


complete as there it as still slight motion at the corner of the mouth on 
the left. The other positive findings were limited to the left ear There 
was a tumor mass occupying the inner half of the left external auditory 
canal and the tvmpanic membrane could not be visualized Roentgenolog¬ 
ical examination of the mastoids revealed minimal sclerosis of the cells of 
the left mastoid however no other abnormality of the left temporal bone 
could be identified The Weber test was strongly lateralized to the left. 
Pure tone audiometrv revealed responses within normal limits for the 
right ear Losses averaging 40 db in the speech frequencies b> air con 
ductlon were obtained in the left ear with good preservation of bone con 
duction Speech testing revealed a speech reception threshold of 40 db 
in the left ear with a discrimination score of SS per cent Histological 
examination of the tissue which had been removed previousl> was re¬ 
ported to show a ver} highlj vascular malignant tumor with cells having 
























HISTOLOGICALLY MALIGNANT GLOMUS JUGULARE 
TUMOR (Case Report) 

Gordon D Hoople, M D, 

Wesley H Bradley, M D , 

Lee R Stoner, M D , 
and 

David W Brewer, M D , 

Syracuse, N Y 

In the decade since Rosemvassei fust con elated the clinical 
findings of glomus jugulate tumoi with Guild's pieviously 
published anatomical descnption of the glomus jugulaie 
bodies, numeious examples of this neoplasm have been le- 
poited Intel est has not been limited to the otological hteia- 
tuie alone, as excellent lepoits have also appealed m the 
journals of pathology and neuio-suigeiy 

Theie has been geneial agieement among authois that these 
neoplasms should be classified as histologically benign lesions 
(see Fig 1) Then clinical behavioi with the typical histoiy 
of slowly developing symptoms, often ovei a penod of yeais, 
would substantiate this assumption, howevei, then tendency 
to invade adjacent vital stiuctuies with the development of 
vasculai 01 neuiologic involvement thieatemng the patient's 
life, has led some authois to descnbe these lesions as histo¬ 
logically benign, but locally malignant by position Metastatic 
spiead fiom a pi unary glomus jugulaie tumoi has been le- 
poited only infiequently 1211 

This case lepoit of a patient with a glomus jugulaie tumoi 
descubed as histologically malignant is added to the liteiatuie 
because of the infiequency of such a lesion 

CASE REPORT 

This 40 \earold white male was first seen on February 10 191G with 1 
chief complaint of bleeding from ills ieft ear of about one weeks duration 
The piesent illness re\ealed that he had noticed increasing hearing loss 
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in the left ear for the past four to five months About oi 
the patient was first seen he described the left ear as feelii 
at this time that he put his finger to the left ear and ca 
He immediateh consulted a phisician who visualized a t 
the left external auditory canal and took a specimen of 
histological examination The patient denied am prevh 
pain in the ear and was not aware of ant discharge from 
dais before he was seen he noticed a numb sensation ove 
of his face and found that he could not completeli clos 
nor could he mote the left corner of his mouth normalli 

Phisical examination at this time revealed a middle-agec 
obvious facial paraiisis The paralysis was peripheral m 



Fig 1 A representatii e section from n hlstologicallj 1 
iugulare tumor showing the regular arrangement of the cell 
of mitotic actlvltj 


complete as there was still slight motion at the corner of 
the left The other positiie findings were limited to the it 
was a tumor mass occupving the inner haif of the left ext 
canal and the tvmpanic membrane could not be visualized 
leal examination of the mastoids revealed minimal sclerosis 
the left mastoid however no other abnormaliti of the left 
could be identified The Weber test was strongly lateraliz 
Pure tone audiometn reiealed responses within normal 
right ear Losses averaging -10 db in the speech frequenci 
duction were obtained in the left ear with good preservatio 
duction Speech testing reieaied a speech reception thres 
in the left ear with a discrimination score of SS per cent 
examination of the tissue which had been removed previ 
ported to show a verv highl} vascular malignant tumor wit 



HISTOLOGICALLY MALIGNANT GLOMUS JUGULARE 
TUMOR (Case Report) 

Gordon D Hoople, M D, 

Wesley H Bradley, M D, 

Lee R Stoner, M D , 
and 

David W Brewer, M D , 

Syracuse, N Y 

In the decade since Rosenwassei f 11 st con elated the clinical 
findings of glomus jugulaie tumoi with Guild’s pieviously 
published anatomical descuption of the glomus jugulaie 
bodies, numeious examples of this neoplasm have been le- 
poited Intel est has not been limited to the otological liteia- 
tuie alone, as excellent lepoits have also appealed m the 
journals of pathology and neuio-suigeiy 

Theie has been geneial agreement among authois that these 
neoplasms should be classified as histologically benign lesions 
(see Fig 1) Then clinical behavioi with the typical histoiy 
of slowly developing symptoms, often ovei a penod of yeais, 
would substantiate this assumption, howevei, then tendency 
to invade adjacent vital stiuctuies with the development of 
vasculai 01 neuiologic involvement threatening the patient’s 
life, has led some authois to descnbe these lesions as histo¬ 
logically benign, but locally malignant by position Metastatic 
spiead from a pumaiy glomus jugulaie tumoi has been le- 
poited only infrequently 12 

This case lepoit of a patient with a glomus jugulaie tumoi 
descubed as histologically malignant is added to the hteiatuie 
because of the mfiequency of such a lesion 

CASE REPORT 

This 49 tear old white male was first seen on February 10 1950 with a 
chief complaint of bleeding from ills left ear, of about one week s duration 
The present illness retealed that he had noticed increasing hearing loss 
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accepted for publication NIa> 5 1957 

760 



HOOPLE, ET AL GLOMUS JUGULARE TUMOR. 


763 


7 The facial nerve was exposed in the anterior half of its intra 
tvmpanic segment 

At the completion of surgerv the cavitv was relatively clean, but It 
was obviously realized that residual tumor had been left. 

Post-operatively the patient did well and the facial paresis recovered 
in four days On February 21th he was started on external irradiation 
therapy to the left temporal bone He received approximately 3 000 
roentgens over a period of three weeks 

During the period of irradiation his cavit\ seemed to heal surprisingly 
well however bv the time his therapy was completed a very obvious 



Fig 3 A representative section of the pulmonary metastaaes showing 
similar tumor tissue with a small amount of normal lung tissue still 
Identifiable 


drooping of his dura had developed. Posteriorly in the bowl the dura 
rested almost on the facial ridge On Mav 2 1956 the patient had a 
convulsion lasting a few minutes On May 28 1956 he had a sudden 
hemorrhage from his left ear On June S 1956 a return of tumor tissue 
in the region of the tympanum was noted On June 12 an anterior 
cervical node was palpated just behind the angle of the mandible. Chest 
X rays at this time revealed multiple metastases throughout both lung 
fields. His downward course following this was very rapid with increase 
in the involvement in the neck, the development of aphasia and finally 
paralysis of the right arm and leg The patient expired Jul\ 17th ap¬ 
proximately five months after he was first seen 
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pei(vascular airangement consistent with malignant glomus jugulare 
tumor (see Fig 2) 

On Februarj 14 1956, left ladical mastoidectomi was can led out The 
following inteiesting findings were noted at suigeiy 

1 Theie was alieady tumor involvement of the bone of the posteiioi 
supeuoi canal w r ull with tumor tissue piesenting through the bone 

2 Cells of the supeuoi half of the mastoid weie diseased and filled 
with tumoi tissue while the cells of the low’ei half of the mastoid includ 
ing the tip were cleai 
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7 The facial nerve was exposed in the anterior half of its intra 
tympanic segment 

At the completion of surgerv the cavitv was relatively clean but it 
was obviousb realized that residual tumor had been left. 

Post-operativelj the patient did well and the facial paresis recovered 
in four days On Februarv 24th he was started on external irradiation 
therapy to the left temporal bone. He recened approximate^ 3,000 
roentgens over a period of three weeks 

During the period of irradiation his cavitv seemed to heal surprisinglv 
well however by the time his therapv was completed a verv obvious 



Fig 3 V representative section of the pulmonarj metastases showing 
similar tumor tissue with a small amount of normal lung tissue still 
Identifiable. 


drooping of his dura had developed Posteriorly in the bowl the dura 
rested almost on the facial ridge On Mav 2 1956 the patient had a 
convulsion lasting a few mi n utes On May 28 1956 he had a sudden 
hemorrhage from his left ear On June 8 1956 a return of tumor tissue 
in the region of the tvmpanum was noted On June 12 an anterior 
cervical node was palpated just behind the angle of the mandible Chest 
Xrajs at this time revealed multiple metastases throughout both lung 
fields. His downward course following this was very rapid with increase 
in the involvement in the neck the development of aphasia and finally 
paralysis of the right arm and leg The patient expired Julj 17th ap¬ 
proximated five months after he was first seen. 
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Post-mortem examination was earned out and levealed the 
following 

1 The lungs levealed multiple foci of metastatic tumoi (see 
Fig 3) 

2 The left tempoial bone and biam levealed highly an¬ 
aplastic and vasculai malignancy with maiked mfiltiative 
tendencies Theie was extension thioughout the petious poi- 
tion of tempoial bone with duial bieakthiough Dnect exten¬ 
sion to the biam m the left tempoial lobe and thioughout the 
subaiachnoid space m the postenoi fossa was piesent 

The pathological diagnosis was 

1 Malignant left glomus jugulaie tumoi with pulmonary 
metastasis 

2 Diffuse infiltiation of the left tempoial bone with mas¬ 
toid leplacement 

3 Mastoiditis and duial invasion with meningitis and duect 
ceiebial extension 

The summaiy of the pathologist was as follows “This 
lathei unusual diagnosis is based on the combined patholog¬ 
ical and clinical findings Pathologically, the topography, 
histology, and cytology aie entuely consistent with what has 
been descubed Clinically, the localization and piogiession 
of the disease tend to confnm the findings of a pumaiy tumor 
of the left tempoial bone with a highly malignant potential ” 

DISCUSSION 

It would appeal that the clinical course of this patient sub¬ 
stantiates the histological diagnosis of a malignant lesion 
The rapid downhill couise described above is not the typical 
stoiy of a glomus jugulaie tumoi We have pieviously seen 
patients with equally as much oi moie tumoi involvement who 
have suivived without senous difficulty foi a penod of yeais, 
some of them luth little tieatment The rapid letum of the 
lesion aftei suigery and its spiead both locally and to distant 
sites aie fai moie chaiactenstie of a highly anaplastic squam¬ 
ous cell caicinoma of the middle eai 
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The above case history should again emphasize the fact 
that although these lesions are usually considered to be benign* 
malignant valiants can and do occur With the extensive in¬ 
volvement which was present m this case, it was obvious 
that complete surgical extirpation could not be achieved 
Inadiation therapy did not seem to offei any additional 
help Whethei newei techniques with n radiation therapy 
will offei moie piomismg results m the futuie, only time can 
tell At this time, howevei, we feel we must concede that the 
outlook with a malignant form of glomus jugulaie tumor 
remains pessimistic 


SUMMARY 

One case of histologically pi oven malignant glomus jugulare 
tumoi has been piesented 
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CONTROVERSIAL ASPECTS OF THE TREATMENT 
OF LARYNGEAL KERATOSIS "f 


Robert E Priest, M D , 

Minneapolis, Minn 

This papei sets foith some peisonal expenences m the 
tieatment of lecuiient seveie laryngeal keiatosis, leviews 
the lepoits of otheis, and is wntten to focus attention on the 
pioblem of the tieatment of seveie leeunent keiatosis 01 
leukoplakia of the vocal coids In it, no attempt is made to 
leview a laige senes of cases, 01 to diaiv statistical conclu¬ 
sions, the discussion does not peitam to mild noi non-iecui- 
lent keiatosis The pioblem is piesented fiom the standpoint 
of one clinician who is tioubled by a difficult pioblem, of 
senous poitent to Ins patients, foi which only an incomplete 
solution exists Case summanes lllustiate some of the van- 
ous clinical sequences encounteied, le, (a) Keiatosis with 
quick metamoiphosis into caicmoma leading to laiyngectomy 
(Case 1), (b) Keiatosis with long interval befoie becoming 
invasive and needing laiyngectomy (Case 2), (c) Keiatosis 
obseived foi many yeais, tieated by ladiation and local ex¬ 
cision, and aftei many yeais still appaiently contioiled (Case 
U) 

A lecent expenence in which I lecommended madiation 
theiapy foi a man having lecuiient laiyngeal keiatosis, 
and the local ladiologist lefused to tieat him, has seived to 
make me examine caiefully the vanous aspects and lamifica- 
tions of this subject A few months ago, I lemoved a laige 
keiatosis fiom the laiynx of a 74-yeai-old man (Case S), five 
ceais aftei lemoving a smulai keiatosis fiom his laiynx 
The patient weighed 260 pounds, was not a good suigical 
candidate, and I asked Ins family doctoi, at a consideiable 

•Presented at the Meeting of the Middle Section of the Vmcrkan Larjn- 
gological Rhlnologlc U ind Otolobicul Soclet> Inc Chicago Ill Januarj 
13 1933 

'■From the Dlclslon of Otolarj ngologj of the Unl\erslt> of Minnesota 
Medical School Minneapolis Minn 

Fditors Note Tills manuscript recci\ed in The Lur>ngoscopt Offlci and 
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distance fiom Minneapolis, to anange foi ladiation theiapy 
neai his home I explained to the local physician that the 
patient’s lesion was piecanceious, and that I hoped that ladia- 
tion would pi event latei development of a cancel The local 
physician took the mattei up with the local ladiologist and 
otheis, and the collective decision was that inasmuch as the 



Fig 1 Case 1 Dec 7 1949 Biopsy of right \ ocal cord interpreted as 
keratosis but subsequently re-evaluated as indicating carcinoma 


lesion was not malignant, it should not be ladiated I -won¬ 
dered whethei I had been wiong m leeommending radiation 
foi a non-canceious lesion, and consulted with my colleagnes 
and lead what I could find on the subject, then the patient 
was biought to Minneapolis, wheie he was subjected to a full 
cancercidal dose of deep X-iay theiapy, fiactionally admin¬ 
istered, at the Umveisity of Minnesota Hospitals Radiation 
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was piescubed heie paitly because of the experiences out¬ 
lined below 

In 1949 and 1950, I lemoved keiatotic masses from the 
laiynx of a 59-yeai-old man (Case 1) In 1951, a biopsy 
showed low grade malignancy and the laiynx was lemoved 
(Case 1, see Figs 1, 2 and 3) This lesion progressed fiom 



keratosis to caicmoma in two yeais This is somewhat similar 
to a case cited by Jackson, 1 and is an unhappy sequence 
which must have been encounteied by many othei physicians 

Shoitly aftei this unpleasant experience anothei patient 
(Case 2) with an extensive lai>ngeal keratosis, came to me 
for advice This man had been told elsewhere to have a 
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laryngectomy on the basis of a fiozen section intei pi eted as 
indicating cancer My biopsy showed no cancel m the opin¬ 
ion of seveial competent pathologists (see Fig 4) I thought 
about the patient descubed above, whose keiatosis I had 
lemoved lepeatedly and who had developed cancel lequmng 
laryngectomy It seemed to me that theie must be a bettei 



%\ay to tieat this condition than simply to remove keiatoses 
repeatedly I thought that any patient who developed vocal 
cord cancer aftei precanceious lesions had been excised from 
his cords lepeatedly, would suiely have a light to wondei 
whethei his doctoi had tieated him m the most effective man¬ 
ner It seemed that the doctoi should cutically examine his 
theiapeutic method 
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Schalh had shown that ladiation pioduced five-yeai cuies 
m 92 pei cent of small coidal epitheliomas, howevei, I knew 
that ladiation leduced the viability of tissues If suigeiy 
was needed latei, this ceitamly would have to be taken into 
account My memory of phaiyngostomes, shown to me by 
Di Waltei Woik at The Veteians’ Hospital in San Fiancisco, 



Fi£ -4 Cast 2 Jul> 17 1952 BIopsv of ri^ht \ocal cord Interpreted as 
indication keratosis and no carcinoma Cords then stripped of keratosis 
(Jul\ 21 1952) Patient subjected to repeated biopsies and X-ray therapy 
to larjnx In 1957 biops> showed carcinoma and lar>ngectoni> was done 


was vivid These gaping holes had lesulted fiom pool wound 
healing in patients having laiyngectomy aftei ladiation had 
failed to cuie then laiyngeal cancels 

In consideiing Case 2, I telephoned to one of the counties 
most eminent laiyngologists m anothei city and discussed 
the problem w ith him He said that he had been through the 
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same senes of expenences, and had used X-iay theiapy to 
treat patients with lecunent laryngeal keiatosis m a small 
numbei of cases with seemingly good lesults, theiefore the 
patient who had been advised elsewheie to have a laryn¬ 
gectomy (Case 2) was tieated by stnppmg his coids com¬ 
pletely of keiatosis, and the larynx was radiated -with deep 



Fig 5 Case 3 Julj 1952 Blopsj of left cord In 69-> ear-old male In¬ 
terpreted aa keratosis See Fig 6 for blopsj of same case fi\e >ears later 


X-iay The keiatosis seemed to legless, and m 1955, thiee 
yeais aftei the first biopsy, a specimen was piesented at the 
Umveisity of Mmnesota’s pathologists’ conference This 
conference is attended by pathologists from some 20 hospitals 
in Minneapolis and St Paul These men could see no dif- 
feience m slides made m 1955 and those m 1952 They did 
not lule out a diagnosis of pie-invasive carcinoma, but 
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thought one could classify the lesion as keiatosis 01 leuko¬ 
plakia with equal accuiacy 

Fiom 1955 to 1957 lepeated biopsies showed no change, 
but m 1957 an invasive caicinoma of the vocal coid was diag¬ 
nosed and the laiynx lemoved The histones of Casses 1, 2, 
3 and 4 aie summanzed at the end of the papei and photo- 
miciogiaphs of then laiyngeal biopsies aie piesented theie 
(see Figs 1 thiough 9) 

- l 


-i 



Fig 1 6 Case 3 April 25 1957 Biopsy of right cord for recurrence of 
keratosis illustrated in Fig 5 Locallj excised and later treated b\ full 
cancercidal dose of deep X-ra> 


In tieating leukoplakia 01 keiatosis 01 caicinoma m situ of 
the vocal coids, the laiyngologist is dependent upon the pathol¬ 
ogist’s intei pi etation of the biopsy and his geneial attitude 
as well as his nomenclatuie and classification In Case 1 
cited above, the ongmal leports by the pathologist examining 
biopsy specimens indicated no invasive tendency on the pait 
of the tumoi, aftei the laiynx had been lemoved foi cancel, 
le-exannnation of the ongmal slides bv anothei pathologist 
show ed that the invasive tendency could occasionally be dem- 
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onstrated (see Fig 1) It is easy foi the pathologist to tell 
frankly invasive cells fiom fiankly non-mvasive cells m 
epithelial biopsies, but to be suie when the lessei degiees of 
mvasiveness appeal is difficult The sections examined can¬ 
not lepiesent the entne specimen, and the pathologist’s phil¬ 
osophy, astuteness, nomenclatuie and bieadth of expenence 
all influence his report 



FIg 7 Case 4 1949 Biopsy of right and left vocal cords > lelded tissue 

of this type Interpreted as keratosis Deep X-raj therapj to larynx In 
1952 Recurrences thereafter were limited to one small area of left cord. 
See Figs S and 9 for tissue taken seven and eight years later 


Paik and Lees 3 say that the pathologist, when he is at all 
uncertain, must play safe and make a “piagmatie” diagnosis 
of malignancy They cite uiologic pathologists who say that 
mtiamucosal caicmoma of the prostate is piesent m 12 to 40 
pel cent of males aftei the age of 50 years despite the fact 
that the death rate fiom this disease is only about 1 pei cent 
of the deaths of all males This example lllustiates the 
piesent disciepancy between the morphologic definition of 
caicmoma and some clinical realities 
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The teims leukoplakia, caicinoma m situ, incipient eaici- 
noma, pieunasive caicinoma, mtiamucosal caicinoma and 
supeificial non-invasive mtia-epithelial caicinoma aie en- 
counteied in a discussion by Hertig and Younge" 1 elating to 
caicinoma of the utenne ceivi\ These authois say that the 
concept has been advanced that caicinoma in situ in an eaily 



t-R S Case 1 1550 Similar to Fit- 7 


stage of imasive caicinoma, and will become invasive cancel 
if one onh waits long enough Cases aie cited m W'hich the 
metamoiphosis occuned in 11 months to 13 yeais The 
authois admit the possibility that invasion may have been 
piesent at the time of the onginal biopsy, but point out that 
the entile cervix would have to be sectioned to decide this 
Thus the\ sav “the absolute scientific pioof that the in situ 
stage of caicinoma piecedes the invasive stage maj nevei be 
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forthcoming, since to lule out eaily invasion one must have the 
entue ceivix, but to piove the ultimate invasiveness of the 
piocess the ceivix must be left m ” 

Jones" descubed 740 patients having caicmoma of the 
utenne ceivix Of these it was found that 13 had happened 
to have biopsies made one to 17 yeais eaihei, all mteipieted 


cr ” "■ > 

'c'r * > 



Fig: 9 Case 4 1957 Similar to Figs 7 and 8 Locally remoted and 

base cauterized 1th electrocoagulation 


as being non-mahgnant In 12 of the 13 le-exammations of 
the ongmal specimens showed squamous epithelium, and in 
11 of the 12 mtiaepithelial caicmoma was piesent Jones 
said, “We theiefoie came to the conclusion that most in¬ 
dividuals with clinical carcinoma of the ceivix have a pie- 
cedmg lesion which we call ‘mtiaepithelial caicmoma’ ” 

Putney and O’Keefe 3 m 1953 leviewed 125 cases of laiyn- 
geal keiatosis, and said that keiatosis of the larynx was a 
piemalignant lesion m a definite peicentage of cases when it 
peisists In then cases caicmoma supervened m less than 
six months aftei the first biopsy m six cases, and only aftei 
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eight to ten jeais in thiee cases, 41 nevei showed malignant 
degeneiation Putney and O’Keefe emphasize the need foi 
lepeuted lustologic examination of keiatotic lesions of the 
\ocal coids foi accuiate diagnosis Putney 4 m 1955 com¬ 
mented fuithei on these cases and otheis He said that 
benign histologic appeaiance is not pioof that the lesion will 
lemnm benign He thought that management is not simple 
and includes foiceps lemoval, X-iay theiapy, excision by 
tlmotonu appioach, madiation by suspension laiyngoscopy 
and electio-suigical lemoval of the lesion 

IVIilli i and Fishert feel that eaicmoma in situ m the larynx 
is an eaih pie-mvasive stage of mtia-epithehal eaicmoma 
In then senes, deep X-iay ladiation was given to ten patients, 
the supei ficial lesion being stnpped away in seven In seven 
ot the ten cases, the lesion appealed to be eontioiled five-and- 
a-liall to 53 months aftei tieatment Recun ences aftei six 
and lb months lespectively in two patients weie tieated by 
endolaiyngeal lemoval of the lesions without fuithei leeui- 
lence Two patients weie tieated by laiyngofissuie only 
and weie still contiolled 31 and 16 months latei Stnppmg 
alone was done in one patient whose laiynx lemamed noimal 
foi 18 months This study showed that eaicmoma in situ 
ot the laijnx can be tieated by X-iay but may lecui 

Comment The laiyngologist tieating keiatosis of the vocal 
coid laces a complex pioblem Peihaps the concept that 
keiatosis oi eaicmoma in situ will suiely become malignant 
if allowed to develop unchanged is tiue foi many cases If 
so, what can be done to mteiiupt this metamoipliosis? Aside 
fiom vanous foi ms of mechanical tieatment, madiation is 
the most important agent available Unfortunately, no chem¬ 
ical agents seem to exist at this time winch upset the change 
ot cells fiom the noimal to the malignant state Paienthetic- 
nllj, I may sav lieie that I once tieated seveial laiyngeal 
squamous cancels m males with female hoimones, because of 
the piedilection of this disease foi males, with no discernible 
lesult The question of the influence of ladiation theiapy 
on m situ carcinoma is important The fundamental question 
is can ladiation theiapj influence potentially invasive 
epithelial cells, ahead} moiphologicall} diffeient fiom noimal 
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but not yet diffeient enough to be invasive, so that their in¬ 
vasive tendencies vail be destroyed 7 Case 2, cited above, had 
the use of his larynx foi six yeais after ladiation but de¬ 
veloped cancer despite ladiation Whethei his cell meta- 
moiphosis was slowed down by the ladiation is a matter of 
opimon 

The sum total of published expenence on this subject ap¬ 
peals to be insufficient to permit an absolute conclusion at 
this time, howevei, if real vocal cold cancers can sometimes 
be cuied by radiation, when they are not far advanced 
(SchalT), does it not seem possible that recuirent leukoplakia 
may be discouraged m its pi ogress towaid invasive caicmoma 
by radiation therapy 7 It is reasonable to hope that m some 
cases malignant metamorphosis will cease or be slowed down. 
The purists will argue that those cases which do not become 
malignant were not really potentially malignant anyhow, and 
nobody can say that they aie wiong Use of radiation therapy 
foi treatment of recuiient seveie laryngeal keratosis at 
present is empirical In severe recurrent keratosis it seems 
to me to be bettei than simple mechanical removal alone, but 
m cases of localized keiatosis, not supenoi to local excision 
and electrocoagulation The treatment of laryngeal keratosis 
must be individualized m each case, and an open-minded at¬ 
titude must be maintained by the clinician, to permit the use 
of several diffeient theiapeutic methods in any one case 
Radiation may be used in conjunction with local excision 
and/or electrocoagulation 

It appears that seveie recunent laryngeal keratosis, like 
utenne cervical keiatosis, is probably a disease extending 
over a penod of ten or more years, in which progiess from 
non-mvasive to invasive is inevitable Frequent inspection of 
the larynx and lepeated biopsies to detect early change from 
non-mvasive type to invasive are essential to the mana gement 
of the disease. 


ABSTRACTS OF CASES 

Case 1 A.D Xo 6180 aged 59 was first exami ned because of hoarse¬ 
ness in December 1949 His right vocal cord was found to be completely 
covered with glistening white piled up epithelium. Biopsy Dec 7 1949 
was reported as benign keratosis (see Fig. 1) On Jan 11 1950, 35 
pieces were stripped from cord (see Fig 2) In September 1950 he 
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eight to ten yeais m thiee cases, 41 never showed malignant 
degeneiation Putney and O’Keefe emphasize the need foi 
lepeated histologic examination of keiatotic lesions of the 
vocal coids foi accuiate diagnosis Putney 4 m 1955 com¬ 
mented furthei on these cases and others He said that 
benign histologic appeal ance is not pi oof that the lesion will 
lemam benign He thought that management is not simple 
and includes foi ceps lemoval, X-iay theiapy, excision by 
thyiotomy appioach, madiation by suspension laiyngoscopy 
and electio-suigical lemoval of the lesion 

Millei and Fishei J feel that caicmoma in situ m the larynx 
is an eaily pie-invasive stage of mtia-epithehal caicmoma 
In then senes, deep X-iay ladiation was given to ten patients, 
the superficial lesion being shipped away in seven In seven 
of the ten cases, the lesion appealed to be contioiled five-and- 
a-half to 5S months aftei tieatment Eecunenees aftei six 
and 16 months lespectively in two patients weie tieated by 
endolaryngeal lemoval of the lesions without fuithei lecui- 
lence Two patients weie tieated by laiyngofissuie only 
and weie still conti oiled 31 and 16 months latei Shipping 
alone was done in one patient whose laiynx lemamed noimal 
foi 18 months This study showed that caicmoma in situ 
of the larynx can be tieated by X-iay but may lecui 

Comment The laiyngologist tieating keiatosis of the vocal 
cold faces a complex pioblem Perhaps the concept that 
keiatosis oi caicmoma in situ will suiely become malignant 
if allowed to develop unchanged is tiue foi many cases If 
so, what can be done to mtenupt this metamoiphosis 7 Aside 
fiom vanous foi ms of mechanical tieatment, madiation is 
the most important agent available Unfortunately, no chem¬ 
ical agents seem to exist at this time which upset the change 
of cells fiom the noimal to the malignant state Paienthetic- 
ally, I may say heie that I once tieated seveial laiyngeal 
squamous cancels m males with female hoimones, because of 
the piedilection of this disease foi males, with no discernible 
lesult The question of the influence of ladiation theiapy 
on in situ caicmoma is impoitant The fundamental question 
is can ladiation theiapy influence potentially invasive 
epithelial cells, aheady morphologically diffeient Horn noimal 
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noma in situ et al, progiesses rather lelentlessly fiom being 
non-mvasive to bemg mvasive ovei a period up to ten or more 
years is examined, and at least partially accepted as appealing 
to delineate the course of certain laryngeal lesions The simi- 
laiity of behavior of laryngeal lesions and those of the uterine 
cervix is taken into account The possibility that Gamma 
radiation may be used to slow down 01 interrupt the progres¬ 
sive change of the tumoi cells from non-mvasive to mvasive 
is discussed It appeals that the use of such radiation, m 
conjunction with mechanical lemoval of the lesion may have 
value but is empirical, and its exact degiee of usefulness is 
impossible to assess If one chooses to use radiation theiapy 
he must take into account the possibility that wound healing 
m subsequent surgery may be interfered with to a substantial 
degree. 
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had recurience of keiatosls of right cord Seventeen pieces of tissue 
v>eie removed from right cord and were leported as being keratosis and 
“no definite malignancy seen" Consultation with other pathologists 
indicated that malignancy was piesent (see Fig 3), and review of sec 
tlons of previous biopsies showed that invasive tendencj had probablv 
been present all the time Larjngectomj was done on Oct 13, 1950, with 
appaient cure when patient was last examined in 1953 

Oast 3 E D S , No 11313, first examined in July, 1952 because of 
hoaiseness He had been advised on basis of frozen section to have 
laiyngectomj Pearlj white lesions coveied all of right cord and one 
third of left cord On July 17, 1952, biopsy (see Fig 1), no mallgnancj 
was found On July 21, 1952 thoiough stripping of cord was done 
Patient was subjected to deep X raj therapy elsewheie piobabh recelv 
ing less than a cancercidal dose because he had previous radiation for 
another condition in his mandible Biopsies made in 1952 weie called 
invasive but Univeisitj of Minnesota pathologists thought tliev were 
non invasive Repeated biopsies were made elsewhere and in 1957 in 
vasive tendencies were definitely found, and laijngectomj was done 
elsewhere 

Case 3 F E, No 11347, aged G9 weight 260 lbs was first examined 
on Julj 19 1952, because of hoarseness, and was found to have a deep 
red lesion in the middle thiid of his left cord This was excised by direct 
laryngoscopy on Tulj 21, 1952, in the belief that it was cancel Biopsy 
showed only keratosis (see Fig 5) The patient was instructed to re¬ 
turn in two months He leturned in five > ears' The lesion had recurred 
and had a red base and a keratotic grey suiface but the coul still moved 
freely On Apiil 25. 1957, local lemoval was done again with the mental 
reservation that this was cancer, and again the pathologic diagnosis was 
keratosis (see Fig 6) Radiation was recommended (Patient aged 74, 
weight 260 lbs ), and the ladlotherapist in the patient’s home communltv 
refused to administer it on the ground that the lesion was non malignant 
Patient returned to Minneapolis and full cancercidal dose of Gamma 
ladiation was fractlonallj administered to the laijnx in October 1957 
Obviouslj the long term result cannot be assessed at this time 

Case } CWC.No 875 aged 49, was first examined in 1949 because of 
hoarseness Despite four weeks of vocal rest and cessation of work 
hoaiseness peislsted Gray masses partially covered each vocal cord 
These were biopsied (see Fig 7} and were keratosis The lesions were 
stripped off but lecurred in 1950 and grew larger so that in 1952 deep 
X ray therapy In dosage just under a cancercidal dose, was administered 
to the larynx In 1953 a tinj keratotic piseque reappeared on the left 
cord This was observed through 1954 and 1955, biopsied In 1956 
see Fig 8) and in 1957 was removed (see Fig 9) Histologically It 
was still benign keratosis Electrocoagulation of the base at the last 
removal may prevent recurrence, but has reduced the quality of the 
yolce Prior to radiation the keratoses occurred all oyer the vocal cords 
After radiation recurrence was limited to one small area on one cord 
Obviouslj this man may still develop larjngeal cancer but It stems 
quite llkeh that he would have developed it long ago without treatment 


SUMMARY 

Box det line malignant lesions of the larynx aie discussed 
fiom the standpoints of peisonal expenence and aftei ieview 
of peitment papeis The concept that the condition vanouslj 
designated as intia-epithelial eaicinoma, oi keiatosis, oi caici- 
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noma m situ et al, progresses ratkei relentlessly fiom being 
non-mvasive to bemg invasive ovei a pei lod up to ten 01 more 
yeais is examined, and at least partially accepted as appearing 
to delineate the course of certain laryngeal lesions The simi¬ 
larity of behavioi of laiyngeal lesions and those of the uterine 
cervix is taken into account The possibility that Gamma 
ladiation may be used to slow down 01 interrupt the progres¬ 
sive change of the tumor cells from non-invasive to invasive 
is discussed It appears that the use of such ladiation, m 
conjunction with mechanical lemoval of the lesion may have 
value but is empirical, and its exact degiee of usefulness is 
impossible to assess If one chooses to use radiation therapy 
he must take into account the possibility that wound healing 
m subsequent surgery may be mterfei ed with to a substantial 
degiee 
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ATTICOMASTOIDECTOMY IN CHRONIC OTITIS 
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Chicago, Ill 

This discussion concerns itself with those patients who have 
peisistent auial dischaige due to chionic suppuiative otitis 
media in the piesence of a cential peifoiation 

These patients expenence discomfoit mainly of a fetid 
dischaige, howevei, they aie commonly consideied “safe" 
msofai as mtiaciamal complications aie concerned These 
standaids of safety weie established eaily m the histoiy of 
otologic suigeiy, and weie balanced against the known in¬ 
cidence of suigical complications of that penod Piesent day 
otologic skills m miciosuigeiy of the tempoial bone and anti¬ 
biotic theiapy have yielded such a high degiee of success that 
it seems advisable to le-evaluate cases of chionic otitis media 
with cential peifoiation as to then lelative innocence 

It should be cleaily undei stood that all methods of non- 
suigical management should fust be exhausted The majonty 
of these patients will lespond to local and paienteial antibiotic 
theiapy, as well as the time honored treatment of granulation 
tissue by excision and/or cautei ization Adenoidectomy, when 
indicated, and treatment of undei lying sinusitis and naso¬ 
pharyngitis, whether alleigic or inflammatory, paiticulaily 
m youngei patients, aie often effective adjunctive treatment 

Theie lemams a relatively small numbei of patients who 
in spite of all nonsuigical measuies, continue to suppuiate, 
perhaps due to nreveisible mastoid and attic pathology In 

•Read at the Mooting of the Middle Section American Laryngologlcul 
Rhlnologlcal and Otologlcal Society Inc Chicago Ill Jan 13 19 jS 

fUnlverslty of Illinois College of Medicine Illinois Eye and E ir In¬ 
firmary 
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addition, the so-called “safety” of chiomc suppuiative otitis 
media with a cential perforation lefexs to the only occasional 
piesence of bone eiosion by cholesteatoma in cential perfoia- 
tion Otologists have all obseived lateial smus plilebitis, ex- 
tiaduial abscess, facial paialysis aricTeven bi am a bscess and. 
fulminating, meningitis develop aftei yeais of quiescent sup- 
puiation as the lesult of an acute exaceibation m the absence 
of cholesteatoma, also despite its low incidence, cholesteatoma 
does occui m a small numbei of such cases It may be pio- 
duced by meta plasi a, 01 a pievious attic perfoiation may 
heal and with the very next acute otitis media, a peimanent 
cential peifoiation with chiomc suppmation may lesult, with 
cholesteatoma as a surpnse suigical finding Because of the 
potential dangeis of continued suppuiation, and because of 
the socioeconomic disadvantage of continuous and malodorous 
dischaige, we have perfoimed suigical tieatment in many 
such patients 

It is of intei est to note that no compaiable instance of a 
complacent attitude to chiomc suppurative disease exists for 
lesions elsewheie in the body, especially when one considers 
the vital centeis involved in the tempoial bone aiea 

In such patients, we have ovei the past 23 yeais, attempted 
ladical mastoidectomy 01 mastoidotympanectomy While this 
pioceduie was successful in conti oiling the disease, the hear¬ 
ing lesponse was often pool It must be borne m mind that 
the ossiculai chain in these patients was usually intact This 
was m contrast to the usual impiovement of healing after 
mastoidotympanectomy and giaftmg m patients who had 
extensive polyposis, ossiculai eiosion and cholesteatoma 

Dui mg this penod, we also attempted atticomastoidectomy 
with a fenestiation type flap, 01 the Bondy type of modified 
ladical mastoidectomy The h eaim g lesult and cessation of 
dischaige weie giatifymg, but the caie of the.mastoid cavity 
became a pioblem When we consideied the small degiee of 
mesotympanic and hypotympamc bone neciosis, and since 
many of these patients aie young, and because of the expen- 
ence of penossiculai miciosuigeiy gained fiom fenestiation 
opeiations, we, theiefoie, decided to carry out complete mas- 
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This discussion concerns itself with those patients who have 
peisistent auial dischaige due to chionic suppuiative otitis 
media in the piesence of a cential perfoiation 

These patients expenence discomfoit mainly of a fetid 
dischaige, howevei, they aie commonly consideied “safe” 
msofai as mtiacranial complications aie concerned These 
standaids of safety weie established eaily m the histoiy of 
otologic suigery, and weie balanced against the know in¬ 
cidence of surgical complications of that penod Piesent day 
otologic skills m miciosuigery of the tempoial bone and anti¬ 
biotic theiapy have yielded such a high degiee of success that 
it seems advisable to le-evaluate cases of chionic otitis media 
with cential peifoiation as to then lelative innocence 


It should be cleaily undei stood that all methods of non- 
suigical management should fust be exhausted The majonty 
of these patients will lespond to local and paienteial antibiotic 
theiapy, as well as the time honoied tieatment of gianulation 
tissue by excision and/oi cautenzation Adenoidectomy, when 
indicated, and tieatment of undei lying sinusitis and naso¬ 
pharyngitis, whethei alleigic 01 mflammatoiy, paiticulaily 
in youngei patients, aie often effective adjunctive tieatment 


Theie lemams a lelatively small numbei of patients who 
m spite of all nonsuigical measuies, continue to suppuiate, 
peihaps due to meveisible mastoid and attic pathology In 
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weekly foi 6 to 12 weeks aftei dusting of the cavity with 
antibiotic powdei This is continued until the wound heals by 
gianulations which foim fiom the anti am to the endauial 
incision We have chosen to piesent mne out of 24 cases 
They aie consideied lepiesentative and descube the piocedure 
and its lesults 



Case 1 —MJL Female age eight ^ears first seen in November, 1952 
with intermittent discharge from both ears for the past two years The 
family had noted some hearing loss T&A h ad been recently performed 
Examination showed severly retracted drums and evidence of secretory 
catarrh The child was treated repeatedly with antibiotics for recurrent 
episodes of pain and drainage. She underwent Xray therapy of the 
nasopharynx and a second adenoidectomy The right ear responded to 
these treatments and the hearing Improved but the left ear developed a 
posterior and superior perforation with persistent discharge and averaged 
a 20 db loss 

July 30 1953 an atticomastoidectomy was performed The mastoid 
showed mixed sclerosis and patches of granulation tissue with small 
areas of bone necrosis Under magnification granulation tissue was re- 
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toidectomy, including atticotomy, with caieful skeletonization 
of the labyimth, duial plate and ossiculai chain This pio- 
ceduie is essentially an extensive simple mastoidectomy with 
addition of a complete atticotomy, pieseivmg the postenoi and 
supenoi bony canal wall It is peifoimed endauially so as to 
piovide continuous access to the antium foi dusting with 



Fig 1 M A female, Age 8, Date of Surgery 7/30/53 
Solid lines indicate preoperative hearing Dotted lines 


indicate postoperative hearing 


antibiotic powdei postopeiatively If gianulations of the 
hypotympanum and pentubal aiea aie piesent, a 2 mm polish¬ 
ing bui ls^spun tluough the cential peifoiation mfeiioily 
and antenoily tow aid the Eustachian tube At the time of 
suigery, the cavity is dusted with suigical auieomycin pow- 
dei and the endaural incision closed with a polyethylene 
dram which leads to the antium The diain is leplaced 
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tip and the retrofacial area These were filled with granulation tissue 
The attic was exposed and granulation tissue was dissected from the 
ossicles At the end of February 1954, the ear was healed and the 
hearing was practically normal bj March 1954 The perforation closed 
spontaneously (Audiogram, see Fig 2) 

Case 3 —R, B Male age 23 first seen in March 1955, complaining of 
intermittent discharge from the left ear since childhood Examination 
showed a posterior central perforation yrith purulent drainage on the 
left side The patient had recentlj been treated extensively with anti 



Fig 4 A. W female, Age 19, Date of Surgery 9/1/55 


biotics with each course of therapy the perforation would close and 
secretory otitis would ensue Paracentesis would be followed by a per¬ 
sistent discharge, again he was treated with antibiotics When this 
process had occurred four times with a hearing loss fluctuating around 
30 to 35 db surgerv was advised Xrajs of the mastoid revealed a 
marked disturbance of pneumatization one could see several medi um 
sized clouded cells with thickened walls 

On March 29 1955 an atticomastoidectomy was performed There was 
necrosis of the mastoid cells and pus escaped under pressure Extensile 
granulations were found in the attic a periossicular dissection was 
carried out the tympanic perforation was freshened with a 1 rnm 
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moved from the attic and the ossicles weie exposed and thoioughlj 
cleaned 

In September, 1953, healing was complete and heaiing had leturned to 
noimal and has remained well (Audiogram, see Fig 1) 

Case 2 —D D, Male age eight vears, fiist seen In October, 1953, with 
a historj of bilateial eai infection at two months of age treated success 
fulls with paracentesis and penicillin Tlnee seais prior to the first 
visit a lecurience of the infection had been again treated with penicillin 
followed bv T&A but the left eai had continued draining Intermittent!} 


AUDIOMiraiC R I 3 P L T 3 

3000 6000 12000 



ever since Examination allowed a posterior central perforation of tlio 
leu tvmpanic membrane witli a protruding granuloma and purulent dls 
charge The perforation healed after removal of the granuloma and local 
dusting with aureom>cln powder, but the infection recuired in December 
1953 again it responded well with local therapv onl} to flare up once 
more in Januar} 1951 \ra}s showed a slightb underdeveloped left 
mastoid with patchv scleiosis and rctroiacial and tip cells Hearing 
averaged 25 db loss in tiiat e ir Restoration of hearing was most Im 
portant in this ear because ot a congenital conductive loss of 50 db in the 
right ear 

On Januar} 20 1951 an atticontastoidectomv was performed The mas 
told showed mixed sclerosis md cells were found onb In the mastoid 
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Case 5 —J A., Female, age 41, first seen in June 1956 with a history 
of repeated ear infections on the left side since 1927, the ear had been 
draining constantly for the past 'sear The patient was complaining of 
headaches and tinnitus, repeated courses of antibiotics failed to cure 
the disease and her hearing loss averaged 40 db in the left ear 

X ra\ s of the mastoid showed a sclerosing mastoid bone and a few large 
cloudy perisinusal cells with thickened walls 

An atticomastoidectoms was performed on July 10 1956 Chronic 
mastoiditis granulations of the attic and a pea sized cholesteatoma of 



the anterior attic recess were found and removed, the intact ossicles 
were left in place Healing was complete in September 1956 Post 
operative!} her hearing improved to a 25 db level for the speech fre¬ 
quencies there has been no evidence of recurrence of the cholesteatoma 
and the patient will shortly undergo tympanoplasty (Audiogram see 
Fig 5) 

Case 6 —T R Male age 11 first seen m September 1956 with a 
history of Intermittent discharge from both ears for the past eight >ears 
repeated antibiotic treatment had been unsuccessful the adenoids had 
been twice removed Examination showed central perforations of both 
tympanic membranes with a purulent discharge the right ear responded 
to prolonged penicillin therapv (several courses of three to four weeks). 
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polishing bur and closed with the triangular skinflap obtained from the 
endaural incision 

Ma\ 27 1955 the diain was permanentlj lemoved in June the ear 
was drj and healed, the hearing a\erages 20 db (Audiogram see Fig 3) 

Case i —A IV, Female age 19, first seen in August, 1955, complain 
Ing of intermittent pain and discharge from the left ear for several years 
Examination showed a granuloma on the posterior margin of the left 
drum with a purulent discharge and desquamative debriB, several weeks 
of local and parenteral antibiotic care did not affect the persisent puru 
lent discharge 



Xrajs revealed a sclerotic mastoid no isolated cells could be out 
lined hei hearing averaged a 10 db loss for the speech range in tills ear 

Atticomastoidectom' was performed Sept 1, 1955 The ossicles were 
freed from a mass of granulations and left undisturbed The h>potym 
panum and peritubal granulations were removed with a polishing bur 
through the central perforation b> the end of October the ear was dry 
but the perforation "as still present In August 1956, the patient de 
veloped an acute Infection of the operated ear following swimming The 
infection subsided under tetracj cline therapj and the ear has been drv 
since Her hearing has returned to the preoperative level the perfora 
tion has persisted (Audiogram see Fig 1) 
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X ra> a of the left mastoid re\ ealed patchj sclerosis with the exception 
of a few large clouded cells In the perlsinus region, her hearing loss 
averaged 15 db An atticomastoidectomy was performed June 4 1957 
Extensive granulations were found m the mastoid which rvas partially 
sclerosed, the few remaining cells contained a yellowish tenacious mu 
cus, the ’ granulations extending into the attic were dissected from the 
intact ossicular chain Our previouslj described postoperative care was 
given and in August the ear was dry currently an attempt is being 
made to close the perforation with trichloracetic acid applications and 
patching her hearing loss is 5 db (Audiogram, see Fig 7) 



Case S —R F Male age 9 first seen in June 1957 nith a histor\ 
of an infection of the left ear when he was 3 rears old resulting in 
a perforation with intermittent drainage the discharge became profuse 
several weeks prior to this first visit, although the patient had been on 
daily penicillin therapy for three jears because of an erroneous diagnosis 
of rheumatic ferer, the doses of penicillin had been increased and other 
antibiotics were added but failed to control the infection Examination 
of the left ear revealed a purulent exudate from a central perforation of 
the tympanic membrane. The hearing loss averaged 15 db in the speech 
range. Xrajs of the mastoid revealed a large cavit> due to the con 
fluence of several larger cells The trabeculation in the periantral region 
"as indistinct with partial interruption and decalcification 
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but the left ear continued draining, he waB placed on sygmamycln ther 
apj foi two weeks without success 

Xrajs of the left mastoid showed a distuibed pneumatlzatlon with 
lack of aeration, Ills hearing loss a\eraged 5 db In this ear On January 
16, 1957, a left attlcomastoidectomy was perfoimed GianulationB were 
lemoved fiom the pei ilabj rinthlne area and the epitympanum On March 
25, the drain was peimanentlj removed and the middle ear has lematned 
di > since A spontaneous closuie of the peifoiation occurred in July 
There still was a di> perfoiatlon of the opposite drum this closed with 
trichloracetic acid applications The heating In both eats now shows no 
loss (Audlogiam, see Fig 6) 



Fig 7 G A, female, Age 38, Date of Surgery 6/4/57 


Case 7—G A Female age 3S first seen in Februur}, 1957 with a 
histore of bll tteral ear Infection at the age of 1 followed b> a chronic 
discharge from both ears and a right mastoldectoni} at the age of 19 
This resulted in complete healing of the right ear, but with a residual 
hearing loss of 10 db The left car had been draining intermittent!} md 
the patient had been aware of a recent increase of hearing loss on that 
side Examination showed a healed perforation of the right drum and 
a thick injected nmpinic membrane on the left side with a small 
nosterior central perforation and a mucopurulent discharge the infection 
responded well to prolonged tetrac>cline tlierap} but recurred shortly 
after cessation of the antibiotic 
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X rays of the left mastoid revealed patchy sclerosis with the exception 
of a few large clouded cells in the perisinus region her hearing loss 
averaged 15 db An atticomastoideetomy was performed June 4 1957 
Extensive granulations were found in the mastoid which was partially 
sclerosed the few remaining cells contained a yellowish tenacious mu 
cus the granulations extending into the attic were dissected from the 
intact ossicular chain Our previously described postoperatir e care was 
given and in August the ear was dry currently an attempt is being 
made to close the perforation with trichloracetic acid applications and 
patching her hearing loss is 5 db (Audiogram see Fig 7) 



Case S —R. F, Male age 9 first seen in June 1957 with a histor' 
of an infection of the left ear when he was 3 years old resulting in 
a perforation with intermittent drainage the discharge became profuse 
several weeks prior to this first visit, although the patient had been on 
daily penicillin therapy for three years because of an erroneous diagnosis 
of rheumatic fever the doses of penicillin had been increased and other 
antibiotics were added but failed to control the infection Examination 
of the left ear repealed a purulent exudate from a central perforation of 
the tympanic membrane. The hearing loss averaged 15 db in the speech 
range Xrays of the mastoid revealed a large caiit\ due to the con 
fluence of several larger cells The trabeculation in the periantral region 
was Indistinct with partial interruption and decalcification 
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June IS, 1957, an atticomastoidectomy -was performed In the mastoid 
process a large confluent area of necrosis was found The entire perl- 
antral, perllabyiinthlne areas and dural plate were necrotic and co\ered 
with granulations After dissection and removal of the disease the 
ossicular chain -was found intact In September, 1957, the ear was dry 
with a remaining central perforation, the hearing was comparable to 
the preoperative findings the postoperative hearing loss In this ear 
averages 15 db (Audiogram, see Fig 8) 

Case 9 —D B , Male, age 10, first seen February 7, 1957, with a left 
acute subperiosteal mastoid abscess, temperature 101° F, and a discharg- 


tUDIODITtlC RI30LTS 



Ing left ear, no landmarks could be seen because of the swelling His 
parents and the referring physician gave a history that one year prior 
to his present Illness he had an acute ear infection treated with anti 
biotics which resolved without perforation or drainage 

There was no Intervening difficult} until two weeks prior to admission 
when he developed pain in the left ear and a spontaneous discharge He 
was Immedlatelv placed on penicillin therapy and when this did not 
control the disease terrain}cln 750 mgms dally was added February X. 
1957 In spite of this treatment the patient developed a swelling over 
the left mastoid region on Februarv 5 1957 while on the combined anti 
biotic therapv 
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X ra's showed some clouding of the mastoid with some coalescence of 
the trabeculae 

An atticomastoidectomv was performed on February 7 1957 There 
was extensive breaking down of the mastoid cells granulations covered 
the dural plate and a perisinus abscess was present, a cholesteatoma 
had eroded the lateral attic wall, the cholesteatoma matrix was com 
pletely removed under magnification, the intact ossicles and the remain 
ing posterior superior canal wall were preserved a poH ethvlene drain 
was placed in the antrum and the incision was closed The ear was dry 
in one month, and at the present the previously unseen posterior superior 
perforation is healed and the hearing loss averaged 20 db on December 
20, 1957 



Fig 10 Photograph of surged showing complete dissection of the 
anterior and the superior attic spaces and complete mastoldectomj The 
ossicles hate been dissected free of all granulation 


This case was Included because along with Case V a small anterior 
attic cholesteatoma was found and removed through the atticotomy ap¬ 
proach if a usual antrotomv had been performed the cholesteatoma 
would have been overlooked (Audiogram see Fig 9) 


PATHOLOGY 

Gtoss The usual findings aie a dense cortex with patchy 
sclerosis m a pieviously pneumatized mastoid piocess There 
aie isolated aieas of tiabeculai necrosis along with osteo- 
genetic thickening m othei areas The areas most prone to 
bone neciosis aie the peiilabyimthme cells and the dural 
plate, particulaily in the aiea of the tegman antii, and attic 
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Ftp 11 Microscopic \ lew of bone removed from mastoid showing- new 
lamella being laid down In an area of osteogenesis adjacent to flbrotlc 
granulation tissue with round cell Infiltration 



Fig 1- Microscopic 'lew of e>stlc spaces In granulutlon tissue re 
moted at mastoid 3urgcrj 



HENNER &. JEANTET ATTICOALASTOEDECTOMY 


793 


Gianulation tissue is piesent m the cellular lemnants, m the 
antium and about the ossicles Unsuspected cholesteatoma 
was found m two cases The ossicular chain is usually intact 
The bactei lology has been omitted, because it was non- 
contubutoiy 

Mioosco-pic The ehiornc mastoiditis usually exhibits a 
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Fig 11 Microscopic view of bone removed from mastoid showing new 
lamella being laid down In an area of osteogenesis adjacent to flbrotlc 
granulation tissue with round cell infiltration 



Fig 12 Microscopic ilew of cystic spaces In granulation tlssuo re- 
mo\ed at mastoid surger> 
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of a pieviously pneumatized mastoid with small aieas of 
neciosis, lack of aeiation and extensive scleiosis as a part of 
the co-existing piocess of bone disease and osteogenetic lepan 
This was confirmed by the pathology found at surgery It 
demonstiated the lrieveisibility of the disease, and often 
moie extensive infection and destruction than had been ex¬ 
pected was encounteied This was paiticulaily demonstiated 
m the attic along the duial plate and m the penlabyimthine 



Fig - 15 X-ra\ of a chronic mastoiditis showing extensHe destruction 
and confluence of cells in the entire posterior aspects of the mastoid. 


spaces by areas of bone necrosis, also unsuspected cho¬ 
lesteatoma was found in two cases Complete atticomastoid- 
ectomy without taking down the posterior 01 supenoi canal 
wall was pei formed All cases so tieated lesulted m a com¬ 
plete resolution of the tempoial bone suppuration Most 
patients enjoyed a heaung rmpiovement, often letummg to 
the normal level of hearing Closuie of the tympanic perfora¬ 
tion often occurs spontaneously If the perfoiation is large it 
may be undertaken with tympanoplasty In most cases it 
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X-RAY 

The mastoid was usually well developed on X-iay examina¬ 
tion Scleiosis, loss of individual contouis of cells and cloudi¬ 
ness of antial and penantial legions was observed, and laigei 
penpheial cells, which may have been the result of confluence 
weie common Then tiabeculai walls weie maikedly thick- 



Fle 11 X-raj o£ a more contracted mastoiditis v, ith a small area of 
destruction over the sinus 


ened Figs 13, 14 and 15 aie typical X-iay views of mastoid 
pathology which could benefit fiom this type of suigeiy 

SUMMARY AND RESULTS 

Nine cases of chionic suppuiative otitis media, with cential 
perforation, have been presented which did not respond to all 
cuilent methods of nonsuigieal theiapy In these patients 
the X-ray pictuie of the mastoid usually gives the impiession 


STAPEDIO-VESTIBULAR OSTEOTOMY 
IN OTOSCLEROSIS 

Michel Portmann, M D , 
and 

Gilbert Claverie, M D , 

Boideaux, France 

Stapes suigeiy lias steadily impioved since Rosen desciibed 
his method foi stapes mobilization m 1952 This opeiation 
is lational and fascmatmg, because it is essentially physio¬ 
logical Despite this fact many otologists who have tiled 
tins suigeiy have been disappointed, in fact, the fust le- 
ported statistics of the lesults sliowed only 40 pel cent success 
Seveial factois aie responsible foi the high incidence of 
failuies obtained 

Fust, it is difficult to check thoioughly the extent of the 
pathology at the footplate of the stapes It becomes even 
moie difficult to peiform the best suigical maneuveis suited 
foi this particular type of footplate pathology Manipulations 
often lesult m ciuial fiactuies lather than fiactuies m the 
aiticulai mteilme itself Occasionally the concomitant as¬ 
sociation of a complete closuie of the lound window by oto- 
scleiosis lendeis ineffective a successful stapes mobilization 
In spite of these disadvantages many authois leahze that the 
futuie of otoscleiosis suigery lies in tins type of opeiative 
appioach, because it is lational and physiological 

Following “simple stapes mobilization” otologists began 
considenng “stapes suigeiy,” and even the concept of a 
“suigeiy of the labjnnthine window” 1 We mentioned m a 
pievious leport 1 the different pioceduies -which we employ 
in the fiame of this suigeiy accoiding to the pathology en¬ 
countered We particularly emphasized the stapedo-vestibulai 
osteotomy, wluch is the object of the piesent report Its 
technical elements aie as follows 

Editor's Note This manuscript received In The Lar> nffoscope Office and 
accepted for publication January 3 195S 
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has been oui piactice to delay closuie of the dium by tympano¬ 
plasty because antibiotic dusting of the antial diam and 
middle eai is moie efficient with an open dium membiane 
and also because postopeiative closuie can occui spontaneous¬ 
ly, 01 be encouiaged with tuchloiacetic acid cautenzation We 
usually del ay tympanoplastic closuie , until aftei the eai has 
demonstiated a piolonged penod of healing and has not closed 
spontaneously 


CONCLUSIONS 

Atticomastoidectomy may be perfoimed for chiomc sup- 
puiative otitis media with cential perfoiation of the tympamc 
membiane m appiopnate cases with expectation of a cessation 
of dischaige, lesolution of the disease and lestoiation of 
noimal 01 impioved heaimg 


SEVENTH INTERNATIONAL CONGRESS 
OF BRONCHOESOPHAGOLOGY 

The Seventh International Congiess of Bionchoesophagol- 
ogy will be held at Kyoto (Japan) Univeisity, Septembei 
12-14, 1958, undei the dnection of Pi of Mituhaiu Goto, M D , 
Otoihmolaryngological Clinic, Kyoto Univeisity Hospital, 
Kyoto, Japan 

A legislation fee of §25 00 U S A will be chaiged all 
physicians and a fee of $10 00 for wives oi non-medical 
guests Registeied members are admitted fiee to banquet, 
leceptions and sightseeing touis 




Fig 2 Principle of the Oateototuc with Interposed Graft,—I Osteotonij 
Ttpe I—lie can conserte the footplate a before the operation b after 
the operation 

II Osteotoim T>pe II—We cannot conserte the footplate a. before the 
operation b after the operation 

I APPROACH 

The appioach must be laige so as to see the whole stapes 
with its footplate The opeiation includes eithei the ietio- 
and supia-auiiculai appioach which is laige, 1 01 the tians- 
meatal appioach When we employ the latter the phases aie 
as follows 

Fust phase (Incision) 

An incision is made one-half centimetei fiom the sulcus 
tympamcus fiom one to six o’clock on the left, 01 eleven to six 
o'clock on the light posteiioi canal wall 

Second phase (Elevating) 

The tympanomeatal flap thus formed is elevated and dis¬ 
placed antenoily 



798 


PORTMANN & CLAVERIE OSTEOTOMY 



Pig- 1 1—Stapes aspect before the operation 2—Disarticulation of 
the incus 3—Osteotomj and remo\al of tne stapes 4—Graft on the o\al 
window 5—The stapes is replaced In good position on the graft G—The 
incus Is replaced on the stapes head 
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Schematically the vanous essential aspects aie 

1 If it is beginning otos clexosis with a normal stapes and 
a visible articulai mteilme a ‘^simple mobilization” could be 
sufficient, howevei, it is always earned out by woikmg on 
the footplate itself Dii eet action on the neck 01 head must 
be given up, 01 at any late should be used only to finish a 




FIs 4 An Example of the Result Given by an Osteotomj_Type IL 

Shaded part the audiometric gain [ bone conduction before the opera¬ 
tion < bone conduction after the operation 


mobilization which has alieady been performed by roaneuveis 
on the footplate 

2 If the osteome fills up a normal stapes because it pi esses 
against the cius, the osteotomy allows the lemoval of the paid; 
of the osteome which disturb the motion of the stapes 

If the osteome has oveigiown the antenoi part of the 
articulai mteilme, accoidmg to Fowlei Ji , you can do a 
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Vm r fl 



Fig 3 An Example of the Functional Result Obtained b> Osteotomy— 
Type L Shaded part the audiometric gain [ bone conduction before 
< bone conduction after the operation A bone conduction gain Is also 
noted 


Thud phase (Coida Tympam) 

The coida tympam neive is isolated and displaced antenor- 
ly It can be cut if it is m the way 

Fowth phase (Bone Resection) 

Bony lesection of the annulus is veiy important, in oidei 
to piovide a good view of the whole stapes We piefei to 
use_a bui with a bent hand-piece foi this phase 

Fifth phase (Disarticulation of the Incus) 

The incus is detached at the level of the stapes head and 
pulled to the fiont It is leplaced aftei the stapes phase 

II PHASE OF STAPES SURGERY 

The pathology on the peiiphery of the stapes is analyzed 
with 16 magnifications oi highei 
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Technique of Osteotomy with Intel position. 3 

An objection could be made to the simple stapedo-vestibulai 
osteotomy, m fact, the new mteiline obtained by the opeia- 
tion divides two pathological bony surfaces which are very 
active It is, theiefoie, logical to think that aftei a few yeais 
both paits of the osteome will unite again We tiled to lm- 
piove this osteotomy by the intei position of a tissue so as to 
pi event 1 e-ankylosis The giaft to be applied on the oval 
window must be very thm Aftei vaiious expeiiments we 
decided on the vein giaft pieviously pioposed by Shea, Ji , 
that is, a small section fiom a vein of the back of the hand 
cut open along its long axis The connective tissue is thinned 
down This giaft constitutes an excellent mateiial to apply 
on an oval window 

Type I As soon as the osteotomy is perfoimed the .stapes is 
1 emoved fiom its fiame so that the oval window is open, how- 
evei, the ossicle keeps one connection with the walls of the 
tympanum by its muscle tendon which is not cut off It is 
turned ovei its tendon and pulled down so that it does not 
impede woik on the oval window itself The_ mucosa which 
sunounds the window is 1 emoved TJie giaft is then applied 
to the window with its adventicia towaid the labynnth and 
its endothelium towaid the tympanum Finally the stapes 
lsjieplaced into its piopei place m the window, but on the 
giaft which is used as an intei position 

Type II In certain cases the window is completely closed by 
a veiy thick and white bone fiom winch the cruia seem to 
emeige It is not possible to cieate a footplate m such a lesion 
We must then cut the ciuia neai the osteome so that the 
stapes consists of only the head and ciuia It is still attached 
to the stapedius tendon The oval window is then cleaied of 
otoscleiotic bone The giaft is applied, endothelial side out, 
to the lecieated oval window The stapes is then leplaced 
with the ends of the ciuia dnectly connected with the vein 
giaft, which is used as a footplate 


III CLOSURE OF THE OPERATIVE FIELD 
Bleeding must be avoided ATtei suction the necessary 
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section of the anteiioi cius and the anteiioi part of the foot¬ 
plate to isolate the lesion One can also make an osteotomy 

3 In many othei cases the osteome is moie extensive and 
occludes the articulai lme We can then perform a stapedo- 
vestibulai osteotomy 

4- Sometimes the lesion coveis the entile stapes completely 
In this case it is again possible to try an osteotomy and a 
"fenestiation” m the aiea of the oval window 

We have then seveial methods of stapedio-vestibulai oste¬ 
otomy available accoidmg to the type of pathology 

Instruments 

We employ the following mstiuments 

Thin osteotomes needles and fine hooks with a stiaight 
handle and also with a spoon-shaped handle The shape of 
the lattei (aftei the Zollnei idea) facilitates visibility but 
does not permit the lotaiy motion, which is possible only with 
a stiaight handle mstiument 

A special miciodnll, already described 2 

Thin suction tubes peimittmg the washing with seium 
This liquid with a composition similai to perilymph should 
be used at 37° centigiade 

Technique of the Simple Osteotomy 

With the thin osteotomes (needles) small holes are made 
in the expected zone of the articulai interline We must be 
caieful not to ciack the ciuia When this maneuver is impos¬ 
sible, due to the thickness of the bone, we must have lecouise 
to the microdull This permits the perfoimmg of micioscopic 
labyrinthine tiepanations like a dotted line ciossmg the lesion 
It is then possible to fiactuie the bone between the holes 
and thus obtain mobilization In some cases the pathology is 
very localized, geneially m both the uppei and anteiioi pait, 
so that the osteotomy must be peiformed only m this aiea 
Occasionally the footplate is atiophic, transpaient and con- 
tiasts with the density of the anteiioi part Then the action 
must be very gentle m oidei to avoid its fractuie 
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Technique of Osteotomy with Intel position 3 

An objection could be made to the simple stapedo-vestibulai 
osteotomy, m fact, the new inteiline obtained by the opeia- 
tion divides two pathological bony surfaces which are very 
active It is, theiefoie, logical to think that after a few yeais 
both paits of the osteome will unite again We tiled to rm- 
piove this osteotomy by the intei position of a tissue so as to 
pi event 1 e-ankylosis The graft to be applied on the oval 
window must be very thin Aftei various expenments we 
decided on the vein giaft pieviously pioposed by Shea, Ji , 
that is, a small section from a vein of the back of the hand 
cut open along its long axis The connective tissue is thinned 
down This giaft constitutes an excellent matenal to apply 
on an oval -window 

Type I As soon as the osteotomy is performed thejstapes is 
lemoved fiom its fiame so that the oval window is open, how- 
evei, the ossicle keeps one connection with the walls of the 
tympanum by its muscle tendon which is not cut off It is 
turned ovei its tendon and pulled down so that it does not 
impede woik on the oval window itself The mucosa which 
suirounds the window is lemoved TJie giaft is then applied 
to the window with its adventicia towaid the labyrinth and 
its endothelium towaid the tympanum Finally the stapes 
is^ieplaced into its piopei place in the window, but on the 
giaft which is used as an intei position 

Type II In ceitam cases the window is completely closed by 
a very thick and white bone from which the cruia seem to 
emeige It is not possible to cieate a footplate m such a lesion 
We must then cut the ciuia near the osteome so that the 
stapes consists of only the head and ciuia It is still attached 
to the stapedius tendon The oval window is then cleaied of 
otosclerotic bone The giaft is applied, endothelial side out, 
to the lecieated oval window The stapes is then leplaced 
with the ends of the ciuia dnectly connected with the vein 
giaft, which is used as a footplate 


III CLOSURE OF THE OPERATIVE FIELD 
Bleeding must be avoided Aftei suction the 


necessary 
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miciocoagulation is perfoimed The incus is put back m 
place on the head of the stapes The coida tympani neive 
is leplaced and finally the tynipanomeatal flap 

Post-opeiatively the patient may piesent a syndiome of 
labynnthme nutation, sometimes seveie, with nystagmus 
towaid the side of the opeiation The slightest motion of 
the head may piovoke dizziness and nausea This leaction 
disappeais within a few days Sometimes theie is no le¬ 
action at all 


CONCLUSION 

These suigical pioceduies aie still m the expeiimental 
stage The excellent lesults which we have obtained with 
them indicate that they aie an impiovement in stapes suigery 
The peicentage of success foi all stapes suigery is steadily 
mci easing despite many persistent technical difficulties and 
as yet unestimated suigical usks We believe that futuie 
technical piogiess will lesult m maximum lesults 
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AMERICAN BOARD OF OTOLARYNGOLOGY 

The Ameiican Boaid of Otolaiyngology will conduct only 
one examination m 1958, and this will be Octobei 6-9, 1958, 
m Chicago, Illinois, at the Palmei House 

Foi fuithei infoimation addiess Di Dean M Lieile, 
Secy-Tieas, University Hospital, Iowa City, Iowa 



UNILATERAL PARALYSIS OF VOCAL CORD 
FOLLOWING ADMINISTRATION OF 
TETANUS ANTITOXIN (TAT) * 

Milos Baser, M D, 

New Yoik, N Y 


Any penpheial neuntis aftei admmistiation of tetanus 
antitoxin (TAT) Is veiy laie, if one consideis the enormous 
numbei of peisons tieated with it Involvement of the lecui- 
lent laryngeal nerve is even less frequent, but nevertheless it 
should be known that it may occui Bearing this m mind 
may be helpful m establishing the conect diagnosis of uni- 
lateial vocal coid paialysis of “unknown” ongm The prog¬ 
nosis is uniformly good and no specific treatment needed 
Incidentally ACTH and Cortisone have been trued without 
any significant acceleration of recovery 

The etiology and pathology of this entity weie well dis¬ 
cussed m pievious papeis, 14101112 and the leadei is lefened 
theie foi details Involvement of the lecunent laryngeal 
nerve piobably follows the same pattern as m othei penpheial 
nerves, i e edema of the nerve due to impaired blood supply, 
which causes temporary damage to the nerve and impans its 
function The damage to othei penpheial neives, especially 
those of biachial plexus, may be permanent, and certain 
authois assess the incidence as high as 20 pel cent 412 In 
both of our cases, m spite of good and relatively fast func¬ 
tional recovery, theie iemamed some sluggishness m move¬ 
ments of both vocal coids and arytenoids even six months aftei 
the onset of the paialysis One yeai latei, howevei, both 
cases showed noimal function 


It is generally stated that neuritic complications aftei TAT 
ajppeai about one week aftei its application 4 This was tiue 
m om second patient, who had a paialysis of the left vocal 
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cold as a single complication aftei TAT admmistiation The 
fust patient, a case of seveie tetanus infection, had a light 
biactual plexus involvement with paialysis of light vocal 
cold which was discoveied m the fouith week of hospitaliza¬ 
tion Heie, howevei, TAT was given both piophylactically 
and latei on, theiapeutically, m high doses, so that it was 
haid to decide which one of these sepaiate doses of TAT was 
the cause of paialysis 

REPORT OF TWO CASES 

Case 1 P R, 18 years old white male admitted on September 2 1952, 
with chief complaint of stiffness of neck and pain in thioat and shoulders 
of 16 hours duration One week prior to the admission the patient fell 
down cutting his right forearm on a dirty rock The wound was sutured 
b\ a local physician, a prophylactic dose of TAT was given and the 
patient started on penicillin twice a da> Two da>s prior to the admis 
sion the wound became infected and several sutures were removed by 
the local physician The following day the patient began to feel stiffness 
in his neck and throat and was running temperature On admission 
there was stiffness of neck pain on motion of neck shoulders and upper 
back muscles Trismus was pronounced, making the examination of the 
larjnx Impossible There was, however, no hoarseness and no respiratory 
distiess Laceration 6 cm long on the right lower forearm was infected 
and partlall} closed with three sutures The wound was opened, cultures 
and smears taken which eventually grew Clostridium tetani debridement 
and treatment with irrigations and soaks were carried out Patient re¬ 
ceived 200,000 units of TAT 60 000 of which W'ere injected around the 
wound and 140 000 i m In spite of heavy sedation he had frequent attacks 
of opisthotonic spasms and required tracheotom} on the second da> for 
lanngospasm After a severe and rather stormy course he improved 
after three weeks, and tracheotomy tube was removed on the tw r enty 
first postoperative day Tow r ard the end of the fourth week of hospitaliza 
tion it was discoiered that he was hoarse, and indirect laryngoscopy 
showed a paraljzed right vocal cord At the same time he developed 
weakness of right shoulder, forearm and wrist He was improving 
quickly without any specific therapy, and three months later his voice 
was normal and onlj some sluggishness of the movements of the right 
cord and right arytenoid still persisted Last check on April 29, 1954, 
showed a perfect!} normal function of both cords 

Case 2 F L 43 years old, white male was seen at E N T Clinic on 
June 9 1953 with a chief complaint of hoarseness of seven weeks' dura 
tion Indirect Iarjngoscopy revealed a paral\sis of left vocal cord with 
minimal movements of left ar}tenoid His histori was essentlalb nega 
the except that he was given ‘a tetanus shot” bj his local physician for 
puncture wound of his foot One week following the injection lie sud 
deni} became d}spneic and hoarse Dyspnea disappeared soon, but 
hoarseness persisted Patient was referred to Speech Clinic for speech 
therap} and improved \er\ much in one month When seen at E VT 
Clinic one \ear later his left ^ocal cord showed normal function 


SUMMARY AND CONCLUSIONS 

Two cases of paialysis of the lecunent laryngeal neive 
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aie lepoited wheie the cause appaxently was the leaetion to 
TAT The fust case developed umlateial paialysis of the 
vocal coid aftei theiapeutical dose of 200,000 units of TAT 
aftei having leceived a piophylactic dose one week befoie 
theiapy was started In this case theie was an associated 
involvement of light biachial plevus The second case de¬ 
veloped umlateial paial 3 sis aftei piophylactic dose of TAT, 
and this was the only complication piesent 

Both cases lmpioved functionally ad ,ntegium within six 
months without any specific theiapy The second case le¬ 
ceived speech theiapy, which ve believe was helpful to ovei- 
come fastei the acute penod of voice impanment and helped 
him m social leadjustment 
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DIFFERENCE LIMEN OF INTENSITY IN HEARING 
IMPAIRMENT DUE TO CRANIOCEREBRAL 
INJURY * 

Armo L Hormia, 

Tuiku, Finland 

Auditoiy damage m connection with ciamoceiebial mjuiy 
is due to labyimth concussion, which damages the oigan of 
Corti This has been confnmed by both expenmental studies 
(Schuknecht 20 ) and by clinical obseivations (Diookei, 0 
Giove 0 ) Accoidmg to the seventy of the blow, the end- 
oigan damage consists of loss of the external han cells, loss 
of the external and internal han cells, or complete disappeai- 
ance of the oigan of Coiti (Schuknecht 20 ) 

In Memeie’s disease, lecruitment is a constant finding 
This is also the case m end-oigan deafness caused by acoustic 
tiauma In letiolabynnthme healing disoideis, on the othei 
hand, leciuitment does not exist (Day, 4 Dix, 5 Eby and Wil¬ 
liams, 7 Regei and Kos 13 ) Even though the diffeience limen 
and leciuitment phenomena aie not exactly identical, they 
aie, howevei, based on 1 elated physiological backgiounds 
(Fowlei,® Hush, 10 Lund-Iveisen, 14 Tonndorf 21 ) , theiefoie, 
m cases with leciuitment, a 1 educed diffeience limen foi 
intensity has been obseived and vice veisa (Bekesy, 1 Lund- 
boig, 13 Luschei, 16 Jeigei 12 ) 

As the heaung loss following head mjuiy, is due to end- 
oigan damage, one might suppose that the leciuitment phe¬ 
nomenon and a 1 educed diffeience limen should be chaiactei- 
lstic foi it, howevei, clinical obseivations show that patients 
with concussion of the labyimth aftei seveie head tiauma 
do not lespond unifoimly Both cases with deci eased dif¬ 
feience limen and leciuitment, as well as cases with normal 
diffeience limen and without leciuitment have been seen 
(Luschei, 10 Saltzman 10 ) 

•From the Brain InJurj Hospital Helsinki Eero Hlllbom SI D Chief 
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MATERIAL 

The diffeience limen in healing impairment due to ciamo- 
ceiebial tiauma was investigated by means of Bekesy 1 
audiogiams m a senes of 43 wai veteians In this senes 
weie included all cases until a heanng loss of at least 30 db 
m one oi moie fiequency langes The age of the patients 
vaned fiom 30 to 50 yeais, being 37 yeais on an aveiage 
The investigation was earned out on an aveiage of 12 yeais 
aftei injury In every case a detailed neuiologic investigation 
was undei taken, and m a detailed psychologic investigation, 
special attention was given to signs of impaiied peiception 
and attention capacities In each case, the subjective tioubles 
caused by the heanng impaiiment weie also noted In the 
symptomatology, the symptoms of ceiebial injury dominated, 
the heanng impairment being of secondaiy impoitance In 
30 cases the pnmary injury had been a local cianial tiauma 
due to high-speed missiles, geneially shiapnel and bullets In 
the othei 13 cases the pnmary mjuiy had been a cianio- 
ceiebial concussion 

In analogy with Lundboig, 13 the Bekesy 1 audiograms weie 
grouped in foui types accoiding to the amplitude of the dif¬ 
feience lunen Type IV lepiesents a stiongly l educed dif¬ 
ference limen, Type III a paitially leduced one, Type II, a 
tendency to a i educed diffeience limen, and Type I, a normal 
diffeience limen In addition to this, patients with a diffei¬ 
ence limen lughei than 20 db at some fiequency langes 
foimed an extia gioup of a high diffeience limen (Luschei 18 ) 

RESULTS 

In one single case the Bekesy 1 audiogiam represented Type 
IV Tins was a case of tempoial injury The heanng was 
imparted, and the i educed diffeience limen was piesent m 
the eai opposite the site of injury Tins finding is not at all 
m accordance until the pattern of heanng impairment seen 
m tempoial injuries (Hormia 11 ) Indeed, m the light of other 
clinical findings, tins case could be diagnosed as moibus 
Menieie, independent of the tiauma 
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material 

The diffeience limen in healing impaument due to ciamo- 
ceiebial tiauma was investigated by means of Bekesy 1 
audiogiams m a senes of 43 wax veteians In this senes 
weie included all cases with a heanng loss of at least 30 db 
in one oi moie fiequency xanges The age of the patients 
vaned fiom 30 to 50 yeais, being 37 yeais on an aveiage 
The investigation was earned out on an aveiage of 12 yeais 
aftei mjuiy In eveiy case a detailed neuiologic investigation 
was undertaken, and m a detailed psychologic investigation, 
special attention was given to signs of lmpaned peiception 
and attention capacities In each case, the subjective tioubles 
caused by the heanng impaument weie also noted In the 
symptomatology, the symptoms of ceiebial injury dominated 
the heanng impairment being of secondaiy importance In 
30 cases the pi unary injury had been a local ciamal tiauma 
due to high-speed missiles, geneially shiapnel and bullets In 
the othei 13 cases the piimary injury had been a ciamo- 
ceiebial concussion 


In analogy with Lundboig- the Bekesy* audiogiams weie 
giouped m foin types accoidmg to the amplitude of the dif 
feience lunen Type IV lepiesents a stionglv leduced dif-" 
feience hmen, Type III a partially leduced one Tyne II a 
tendency to a leduced diffeience limen, and Type’ I, a normal 
diffeience limen In addition to this, patients with a diffei 
ence limen highei than 20 db at some fiequency langes 
foimed an exha group of a high diffeience hmen (Luschei-) 


-- 


In one single case the Bekesv* 

IV This was a case of tempoial injur^ Theh^ TyP ® 
unpaned, and the leduced diffeience llpjf heaim S was 
the eai opposite the site of injury TlmTV piesent m 
in accoidance with the pattern of fmdlng ls not at all 
m temporal mjuiies (Hoimia 11 ) ,\ mpairment seen 

clinical findings, this caTe could gM ° f 0thei 

Memeie, independent of the tiauma^ dlagnosed as moibus 
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In foui cases the Bekesy 1 audiogiams lepiesented the Type 
III, and all belonged to the gioup of local mjunes 

In eight cases the Bekesy 1 audiogiams lepiesented Type II 
Fiom these, five weie local mjunes and thiee concussions 

In nine cases, the BeResy 1 audiogiams lepiesented Type I, 
with a noimal diffeience limen Of these, thiee weie local 
(light tempoial) mjunes, and six weie concussions 

In 23 cases the diffeience limen was highei than noimal 
Fiom these, 19 weie local mjunes (with a total of seven 

TABLE i 

The correlations between the amplitude of difference limen in Bdkdsv 
audiogram and the hemisphere of the craniocerebral injury the effective¬ 
ness of perception and attention capacities, and the subjective incon 
lenience of the hearing impairment 



Hemisphere 
of the 

Head Injur> 

Perception 

and 

Attention 

Hearing 
Impairment 
SubJectK ely 


left 

right 

impaired others 

not 

disturb disturb 

Cases with High 
Difference Limen 

15 

S 

10 13 

17 

6 

Other Cases 

8 

12 

5 15 

9 

11 


panetal) and foui weie concussions In two cases the dif¬ 
feience limen deci eased somewhat m highei fiequency langes 
(These cases aie, therefoie, included also in the gioup of 
Type II) The highest aveiage diffeience limens seen m 
this senes weie 30-35 db 

Checking the factois which could be significant of a high 
diffeience limen, it was seen that m these cases the following 
factois weie moie common than m the othei cases (see Table 

I) 

The pnmaiy mjuiy was located on the side of left hemis- 
pheie 

As a consequence of the biam mjuiy, the peiception and 
attention capacities weie gieatly detenoiated 

The healing impairment was subjectively not distuibmg 
foi the patient 
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Regal ding no one o± these iaetois could the lesults be 
shown to be statistically significant because of the sma 
numbei of cases The significance ot these tlnee factois 
may be seen moie cleailj b\ examining ien o a e 
Fiom the 23 cases with a high diffeience hrnen eight had 
less than two ot the tlnee factois mentioned above ml 
cases two 01 tlnee of the factois weie piesent In the senes 
of the othei 20 cases the numbei s i\eie 15 and five 
shows a cleai diffeience between the gioup of cases y t 
high diffeience lunen and the othei gioup (Statistically 


significant, -—=2 62) 


discussion 

in the Irght of the materml presented abovert rs obv.ous 


m me „ , s not cliaiacteilstic foi the 

that a ieduced diffeience lmien^ ^ m _ 

healing ™f > b ‘ l “L lanlsm 0 f the healing impairment is one 
Junes, yet t thus is a question of end-oigan 

dMfneT th TtasTesult does not agiee with the prevailing 
opmmn that a .educed diffeience lunen and recruitment are 
typical of labynnth deafness 

„ .lacfitmtois have explained the leciuitment phe- 

Some m ie action of the moie intact mnei hail cells 

nemenon as due^eaetm ^ ^ (Lime _„ Meyel ium 

m cases The mnel hau cells he dneetly agamst the 

Gottesbeig ^ ^ ie asonable to assume that in cases with 
bone, tnu » u t j ie concussion effect which leaches the 
seveie t ^ a t]uoUg i 1 tlie bones of the skull also damages the 
labynn^ Theie can even be a secondary degeneiation 

1 ” n ® 1 „ elip heial codileai neuion (Schuknecht 20 ) Compaied 
° thtiie niediamsm of acoustic tiauma (Bemabei 2 ) and the 
W1 eased endolymphatic piessuie mechanism of the heaimg 
m< oannient m Menide’s disease (Cawthome and Hewlett 3 ), 
it seems possible that m cases of blows to the head the mnei 
ban cells leceive lelatively moie damage, even though these 
aie no t so easily mjuied as the moie sensitive outei hair 

cells 

The explanation of the absence of i educed diffeience limen 
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m cases with deafness due to head tiauma may be found in 
a moie unifoim damage of the oigan of Corti with its neive 
supply 

A high diffeience limen was seen in one-half of the cases 
Luschei 10 has expiessed the significance of psychic factois 
foi the occunence of high diffeience limen This obseiva- 
tion was conflimed m the matenal piesented above High 
diffeience limen was seen especially m cases wheie the ceie- 
bial lnjuiy was on the side of the dominating hennspheie 
and had caused a detei 101 ation of the pei ception and attention 
capacities It was also seen that the subjective inconveniences 
of the healing impaiiment foi these patients weie of less de- 
giee than foi the otheis This can be undei stood as a sign 
of a detei 101 ation, especially of those aieas of pel ception and 
attention functions which aie closely connected with auditive 
sensations (Hoimia 11 ) These findings show that the psychic 
factois causing high diffeience limen can be due to oiganic 
biam damage 


SUMMARY 

The diffeience limen in heaung impairment caused by 
ciamoceiebial mjuiy was studied with the Bekesy audiogiams 
m a senes of 43 wai veteians In only foui cases could a 
paitly i educed diffeience limen be seen As a possible ex¬ 
planation foi the absence of i educed diffeience limen, the 
mechanism of the healing impaiiment m connection with 
head blows was consideied It is a question of end-oigan 
deafness due to concussion of the labynnth This concussion 
wave leaches the labynnth thiough the bones, theiefoie, 
the mnei hail cells aie moie pi one to the damage and a moie 
unifoim damage of the oigan of Coiti lesults than m those 
types of end-oigan deafness chaiactenzed by a leduced dif¬ 
feience limen and piesence of leciuitment 

A high diffeience limen was seen in one-half of the cases 
In these cases signs of detenoiated (auditive) peiception and 
attention capacities weie noted The lesult thus confnms the 
significance of psychic factois upon the incidence of a high 
diffeience limen 
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nounced. 

AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampsey, Grant Bldg Pittsburgh 19, Pa. 
Secretary-Treasurer Dr Daniel S DeSUo, 121 S Highland Ave., Pitts 
burgh 6, Pa. 

Annual Meeting Palmer House, Chicago, I1L October 16-17 196S 

ASSOCIACAO MED1CA DO 1NSTITUTO PENIDO BURNIER— 
CAMPINAS 


President Dr Lech Junior 

First Secretary Dr Franco do Amaral 

Second Secretary Dr J M Quelroz Abreu. 

Librarian Treasurer Dr Souza Quelroz 

Editors for the Archives of the Society Dr Guedes de Melo Filho Dr 
Antonio de Almeida and Dr Gabriel P5rto 
Meetings Twice every month first and third Thursday 8 30 PM 

ASOCIACION DE OTORRINOLARINGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 

Presidente Dr Julio Quevedo, 15 Calle Oriente No 5 
First Vice-Presldente Dr HSctor Cruz, 3a Avenida Sur No 72 
Second Vice-Presldente Dr JosS Luis Escamilla, 5a Calle Poniente 
No 48 

Secretario-Tesorero Dr Horace Polanco 13 Calle Poniente No 9-D 

815 



ASOCIACION DE OTO-RINO-LARINGOLOGia DE BARCELONA, SPAIN 

Presldente Dr J Abello 

Vice-Presidente Dr Luis Sufie Medan 

Secretario Dr Jorge Perell&, 319 Provenza, Barcelona. 

Vlce-Secretario Dr A. PlnarL 
Vocal Dr J M Ferrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch, 1039 No Calvert St, Baltimore, Maryland 
Secretary Treasurer Dr Theodore A. Schwartz 


BUENOS AIRES CLUB OTOLARINGOLOG1CO 

Presidente Dr K Segre 
Vice-Presldente Dr A. P Belou 
Secretario Dr S A. Aranz 
Pro Secretario Dr J M Tato 
Tesorero Dr F Games 
Pro Tesorero Dr J A Bello 

CANADIAN OTOLARYNGOLOG1CAL SOCIETY 
SOCIETE CANADIENNE D’OTOLARYNGOLOGIE 

President Dr Robert T Hayes, 42 Cobourg St, St John, N B 
Secretary Dr Donald M McRae, 324 Spring Garden Rd, Halifax, N S 
Meeting Nova Scotian Hotel, Halifax, N S , June 9 11, 1958 

CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C Otrlch, Belleville, Ill. 

President Elect Dr Phil R McGrath, Peoria, Ill 
Secretary Tieasurer Dr Alfred G Schultz, Jacksonville, Ill 


CHICAGO LARYNGOLOGICAL AND OTOLOGICAL SOCIETY 

President Dr Stanton A Friedberg, 122 So Michigan Ave, Chicago 3 
Ill 

Vice-President Dr Maurice Snitman, 408 So 5th Ave, Maywood, I1L 
Secretary Treasurer Dr Fletcher Austin, 700 No Michigan Ave, Chi 
cago 11, Ill 

Meeting First Monday of each Month, October through May 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Grdnwald S 
Vice-President Dr Agustln Estartus 
Secretary Dr Marcos Chaimovlch S 
Treasurer Dr Benjamin Kapkan K 
Director Dr Alberto Basterrica A 

DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Ludwig A Michael, 3707 Gaston Ave, Dallas, Tex. 
Vice-President Dr Hal W Maxwell 

Secretary Treasurer Dr Edward A Newell, 1511 No Beckley, Dallas 8 
Tex. 
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FEDERACION ARGENTINA, 

DE SOCIEDADES DE OTORRINOLARINGOLOG1A. 

Secretary of the Interior Prof Dr Atllio Viale del CarriL 
Secretary of Exterior Dr Aldo G Remorino 
Secretary Treasury Prof. Dr Antonio Carrascosa, 
Pro-Secretary of the Interior Prof Dr Carlos P Hercandino 
Pro-Secretary of the Exterior Prof Dr Jaime A. del SeL 
Pro Secretary of the Treasury Dr Jorge Zubizarreta, 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M Noubleau, San Salavador 

Secretary-Treasurer Dr Hector R. Silva, Calle Arce No 84, San Salva 
dor El Salvador, Central America, 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Chas C Grace, 145 King SL, SL Augustine, Fla 
President Elect Dr Jos W Taylor 706 IFranklin SL, Tampa Fla. 
Secretary-Treasurer Dr Carl S McLemore, 1217 Kuhl Ave , Orlando, Fla 


FOURTH LATIN AMERICAN CONGRESS OF 
OTORINOLARINQOLOGIA 

President Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr 'William B Stelnman 
President Elect Dr James H. Mendel Jr 
Secretary Treasurer Dr H. Carlton Howard 

Meeting quarterly (March, May October and December) on the second 
Thursday of the month 6 30 PM at Urmey Hotel Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 
President Dr Jo Ono Tokyo Japan. 

Secretary Dr Chevalier L Jackson 3401 N Broad St, Phlladephia 40 
Pa., U S A. 

Meeting Seventh International Congress of Bronchoesophagology, 
Kyoto Japan, September, 1958 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H. Steele. 

President Elect Dr Dick H. Underwood 

Secretary Dr James T Robison 4620 J C Nichols Parkway Kansas 
City Mo 

Meeting Third Thursday of November January February and April 
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LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Sol Rome 
Secretary Treasurer Dr Max E Pohlman 

Chairman of Ophthalmology Section Dr Richard Kratz 
Secretary of Ophthalmology Section Dr Carrall A McCoy 
Chairman of Otolaryngology Section Dr Howard G Gottschalk 
Secretary of Otolaryngology Section Dr Robert W Godwin 
Place Los Angeles County Medical Association Bldg, 1925 Wllshlre 
Blvd, Lob Angeles, Calif 

Time 6 30 P M last Monday of each month from September to June, 
Inclusive—Otolaryngology Section 6 30, first Thursday of each month 
from September to June, inclusive—Ophthalmology Section 


LOUISIANA MISSISSIPPI OPHTHALMOLOG1CAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr Fred D Hollowell, Lamar Life Bldg, Jackson, Miss 
Secretary Dr Edley H Jones, 1301 Washington St, Vicksburg, MIsb 
M eeting Edgewater Gulf Hotel, Edgewater Park, Miss, May 1516, 1959 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary Treasurer Dr Roland H Myers, 1720 Exchange Bldg, Mem 
phis, Tenn. 

Assistant Secretary-Treasurer Dr William F Murrah, Jr, Exchange 
Bldg, Memphis, Tenn 

Meeting Second Tuesday in each month at 8 00 pm at Memphis Eye, 
Nose and Throat Hospital 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoide, Mexico, D F 
Vice-President Dr M Gonzales Ulloa, Mexico, D F 
Secretary Dr Juan De Dios Peza Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Princeton, Mo 

Secretary Treasurer Dr Harold Swanberg, Quincy, Ill 

Assistant Secretary-Treasurer Dr Jacob E Reisch, Springfield, Ill 

NETHERLANDS SOCIETY OF OTO RHINO LARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundige Vereenlging ) 

President Dr H Navis Sonsbeekweg 6, Arnhem 

Secretary Dr W H Struben J J Vlottastraat 1, Amsterdam 

Treasurer Mrs F Velleman Pinto, Jac Obrechtstr 66, Amsterdam 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele, Kinston Clinic Kinston, N v, 

Vice-President Dr George E Bradord, Winston Salem, N C 
Secretary-Treasurer Dr J D Stratton, 1012 King3 Drive, Charlotte 7, 
N C 
Meeting 
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NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 

President Mr G L Thompson, 16 Ramshill Road, Scarborough York¬ 
shire 

Vice-President Mr J H. Otty, Frizley Old Hall, Frizinghall Road 
Bradford, Yorkshire 

Secretary and Treasurer Mr R Thomas, 27 High Petergate, York 
Yorkshire 


OTOSCLEROSIS STUDY GROUP 

President Dr Joseph A. Sullivan, 174 St George SL, Toronto 5, Canada, 
Secretary-Treasurer Dr Arthur L. Juers, 611 Brown Bldg, Louisville 
Ky 

Meeting Palmer House, Chicago, Ill 


PACIFIC COAST OTO-OPHTHALMOLOG1CAL SOCIETY 

President H. Leroy Goss, M D, 620 Cobb Bldg Seattle 1, Washington 
Secretary-Treasurer Homer E Smith, M D 508 East South Temple, 
Salt Lake City Utah. 

Meeting 


PAN AMERICAN ASSOCIATION OF OTO RHINO LARYNGOLOGY 
AND BRONCHO ESOPHAGOLOGY 

President Dr Jose Gros, Havana, Cuba 

Executive Secretary Dr Chevalier L Jackson 3401 N Broad St, Phila 
delphia 40. Pa.. U S A. 

Meeting Sixth Pan American Congress of Oto-Rhino-Laryngology and 
Broncho-Esophagology 
Time and Place Brazil, 1958 


PHILADELPHIA LARYNGOLOGICAL SOCIETY 

President Dr Chevalier L. Jackson 

Vice-President Dr John J O'Keefe. 

Treasurer Dr Joseph P Atkins. 

Secretary Dr Louis E Silcox. 

Historian Dr Herman B Cohen 

Executive Committee Dr Harry P Schenck, Dr , Benjamin H Shuster 
Dr William A. Lell Dr , William J Hitschler 


PORTUGUESE OTORHINOLARYNGOLICAL SOCIETY 
President Dr Albert Luis de Mendonca, 

Secretary Dr Antonio da Costa Quinta Avenida, de Liberdale 65, 1* 
Lisbon. 


PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Clifton E Benson Bremerton, Wash, 

President Elect Dr Carl D P Jensen, Seattle, Wash, 

Secretary Dr Willard F GofT, 1216 Fourth Ave, Seattle Wash, 
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RESEARCH STUDY CLUB OF LOS ANGELES, INC 

Chairman Dr Orrle E Ghrist, 210 N Central Ave, Glendale, Calif 
Treasurer Dr Norman Jesberg, 500 So Lucas Ave , Los Angeles 17, Calif 
Otolaryngology Dr Russell M Decker, 65 N Madison Ave , Pasadena 
1, Calif 

Ophthalmology Dr Warren A Wilson, 1930 Wllshire Blvd., Los An 
geles 57, Calif 

Mid-Winter Clinical Convention annually, the last two weeks in January 
at Los Angeles, Calif 


SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA. 

Chairman Dr J L Levine 
Vice-Chairman Dr Russell Page 
Secretary Dr James J McFarland 
Treasurer Dr Edward M O’Brien. 

Meetings are held the second Tuesday of September, November, January, 
March and May, at 6 30 PM. 

Place Army and Navy Club, Washington, D C 


SCOTTISH OTOLARYNGOLOGICAL SOCIETY 

President E A M Connal, 1 Royal Crescent, Glasgow C 3, Scotland. 
Secretary Treasurer Dr J F Birrell, 14 Moray Place, Edinburgh 
Assistant Secretary Dr H D Brown Kelly, 11 Sandyford Place, Glas 
gow 


SOCIEDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLARINGOLOGIA (BOGOTA, COLUMBIA) 

Presidents Dr Alfonso Tribin P 
Secretario Dr Felix E Lozano 
Tesorero Dr Mario Arenas A. 


SOCIEDAD CUBANA DE OTO LARINGOLOGIA 

President Dr Reinaldo de Villiers 
Vice-President Dr Jorge de Cdrdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA 

Presidente Dr Frank Canosa Lorenzo 
Vlce-Presidente Dr Julio Sangully 
Secretario Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 

SOCIEDAD DE OTORRINOLARINGOLOGIA Y 
BRONCOESOFAGOSCOPIA DE CORDOBA 

Presidente Dr Aldo Remorino 
Vice-Presldente Dr Luis E Olsen 
Secretario Dr Eugenio Romero Diaz 
Tesorero Dr Juan Manuel Pradales 

Vocale 3 Dr Osvaldo Su&rez, Dr Nondier Asia R., Dr Jorge Bergallo 
Yofre 
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SOCIEDAD DE OTO RINO LARINGOLOGIA, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Salvador Mirco Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M. 


SOCIEDAD ESPANOLA DE OTORRINOLARINGOLOGIA. 

Presidente Dr D Adolfo Hinojar Pons 
Vice-Presidente Dr D Jose Perez Mateos 
Secretario General Dr D Francisco HarafiSs 
Tesorero Dr D Ernesto Alonso Ferrer 

SOCIEDAD MEXICANA DE OTORRINOLARINGOLOGIA 
Havre 7—Desp 62 
Mexico 6, D F 

Honorary President Dr Ricardo Tapia y FernAndez. 

President Dr MArimo Garcia Castaneda 

Secretary Dr Eduardo de la Parra 
Treasurer Dr Guillermo PSrez Villas ante. 

Vocal Dr Rafael Pacchlano 


SOCIEDAD NACIONAL DE CIRUG1A OF CUBA 

Presidente Dr Reinaldo de VUIers 
Vice-Presidente Dr Cdsar Cabrera Calderin. 

Secretario Dr Jos6 XIrau. 

Tesorero Dr Alfredo M Petit 

Vocal Dr JosS Gross 

Vocal Dr Pedro HemAndez Gonzalo 


SOCIEDAD OTO-RINO LARINGOLOGIA DE LOS 
HOSP1TALES DE MADRID 

Presidente Dr Don Fernando BeltrAn Castillo 
Secretario General Dr Don Alfonso Vassallo de Humbert 
Tesorero Dr Don Rafael Garcia Tapia. 


SOCIEDAD VENEZOLANA DE OTORRINOLARINGOLOGIA. 

Presidente Dr Alfredo Cells Pdrez 
Vice-Presidente Dr Bustamante Miranda. 

Secretario General Dr Jesus Miralles 
Tesorero Dr M Matheus 

Vocales Dr Perez Velasquez and Dr Wllmer Palacios 


SOCIEDADE DE OFTALMOLOGIA E OTORRINOLARINGOLOGIA DO 
RIO GRANDE DO SUL 

President Dr Paulo Fernando Esteves 
Vice-President Dr Jayme Schilling 
First Secretary Dr Carlos Buede. 

Second Secretary Dr MoizSs Sabanl 
First Treasurer Dr Israel Scherman. 

Second Treasurer Dr RIvadAvia C Meyer 
Librarian Dr CaxloB M Carrion 
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RESEARCH STUDY CLUB OF LOS ANGELES, INC 

Chairman Dr Orrie E Ghrist, 210 N Central Ave, Glendale, Calif 
Treasurer Dr Norman Jesberg, 500 So Lucas Ave , Los Angeles 17, Calif 
Otolaryngology Dr Russell M Decker, 65 N Madison Ave, Pasadena 
1. Calif 

Ophthalmology Dr Warren A. Wilson, 1930 WllBhire Blvd., Los An 
geles 57, Calif 

Mid-Winter Clinical Convention annually, the last two weeks In January 
at Los Angeles, Calif 


SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA 

Chairman Dr J L. Levine 
Vice-Chairman Dr Russell Page. 

Secretary Dr James J McFarland. 

Treasurer Dr Edward M O'Brien. 

Meetings are held the second Tuesday of September, November, January, 
March and May, at 6 30 PM. 

Place Army and Navy Club, Washington, D C 


SCOTTISH OTOLARYNGOLOGICAL SOCIETY 

President E A M Connal, 1 Royal Crescent, Glasgow C 3, Scotland. 
Secretary Treasurer Dr J F Birrell, 14 Moray Place, Edinburgh 

Assistant Secretary Dr H D Brown Kelly, 11 Sandyford Place, Glas 

gow 


SOCIEDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLARINGOLOGIA (BOGOTA, COLUMBIA) 

Presidents Dr Alfonso Tribln P 
Secretario Dr Felix E Lozano 
Tesorero Dr Mario Arenas A 


SOCIEDAD CUBANA DE OTO LARINGOLOGIA 

President Dr Reinaldo de Vllliers 
Vice-President Dr Jorge de CArdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA 

Presidente Dr Frank Canosa Lorenzo 
Vlce-Presidente Dr Julio Sanguily 
Secretario Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 

SOCIEDAD DE OTORRINOLARINGOLOGIA Y 
BRONCOESOFAGOSCOPIA DE CORDOBA 

Presidente Dr Aldo Remorlno 
Vice-Presidente Dr Luis E Olsen 
Secretario Dr Eugenio Romero Diaz 
Tesorero Dr Juan Manuel Pradalea 

Vocales Dr Osvaldo SuArez, Dr Nondier Asia R., Dr Jorge Bergallo 
Yofre 
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S0C1EDAD DE OTO R1NO LARINGOLOGIA, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Salvador Muco Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda 1L 


SOCiEDAD ESPANOLA DE OTORR1 NO LARINGOLOGIA. 

Presidente Dr D Adolfo Hinojar Pona 
Vice-Presidente Dr D Jose Perez Mateos 
Secretaxio General Dr D Pranciaco MarafISs. 

Tesorero Dr D Ernesto Alonso Ferrer 


SOCIEDAD MEXICAN A DE OTORRINOLAR1NGOLOGIA 
Havre 7—Desp 62 
Mexico 6, D F 

Honorary President Dr Ricardo Tapia y FemAndez. 

President Dr lifaimo Garcia Castafieda 
Secretary Dr Eduardo de la Parra. 

Treasnrer Dr Guillermo PSrez Viilasante. 

Vocal Dr Rafael Pacchlano 


SOCIEDAD NACIONAL DE C1RUGIA OF CUBA. 

Presidente Dr Reinaido de Villers 
Vice-Presidente Dr Cesar Cabrera Calderin. 

Secretarlo Dr JosS Xirau. 

Tesorero Dr Alfredo U PetiL 

Vocal Dr JosS Gross 

Vocal Dr Pedro HemAndez Gonzalo 

SOCIEDAD OTO-RINO-LARINGOLOGIA DE LOS 
HOSP1TALES DE MADRID 

Presidente Dr Don Fernando BeltrAn Castillo 
Secretarlo General Dr Don Alfonso Vassallo de Mnmbert 
Tesorero Dr Don Rafael Garcia Tapia. 


SOCIEDAD VENEZOLANA DE OTORRINOLARINGOLOGIA 

Presidente Dr Alfredo Cells PArez 
Vice-Presidente Dr Bustamante Miranda. 

Secretarlo General Dr Jesus Miralles 
Tesorero Dr M Matheus 

Vocales Dr Perez Velasquez and Dr Wilmer Palacios 


SOC1EDADE DE OFTALMOLOGIA E OTORRINOLARINGOLOGIA DO 
RIO GRANDE DO SUL 

President Dr Panlo Fernando Esteves 
Vice-President Dr Jayme Schilling 
First Secretary Dr Carlos Buede. 

Second Secretary Dr MolzAs SabanL 
First Treasurer Dr Israel Schennan. 

Second Treasurer Dr RlvadAvia C Meyer 
Librarian Dr Carlos M Carrion. 
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S0C1EDAD PANAMENA DE OTORRINOLARINGOLOGIA 

Presidents Dr Manuel Preciado 

First Vice-Presidente Dr Alonso Roy 

Second Vice Presidents Dr Carlos Arango Carbone 

Secretario Dr Marla Esther Vlllalaz 

Tesorero Dr Ram6n Crespo 

SOC1EDADE PORTUGUESA DE OTORRINOLARINGOLOGIA 

E DE 

BRONCO-ESOFAGOLOGIA 

Presidente Dr Alberto Luis De Mendonca 
Vice Presidente Dr Jaime de Magalhaea 

1 ° Secretario Dr Antonio da Costa Quinta. 

2 ° Secretario Dr Albano Coelho 

Tesourelro Dr Jose Antonio de Campos Henriques 
Vogais Dr Teofilo Esquivel. 

Dr Antonio Cancels de Amorim 
Sede Avenida da Liberdade, 65, 1*. Lisboa 

SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President Capt. William C Livingood, U S N (M C ) 
Secretary-Treasurer Lt Col Sanley H Bear, M C, 3810th USAF Hos¬ 
pital, Maxwell AFB, Alabama 
Meeting Palmer House, Chicago, Ill 

SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette, Orangeburg, S C 
Vice-President Dr Robert P Jeanes, Easley, S C 
Secretary Treasurer Dr Roderick Macdonald, 333 East Main St, Rock 
Hill, S Car 
Meeting 


SOUTHERN MEDICAL ASSOCIATION, 

SECTION ON OPHTHALMOLOGY AND OTOLARYNGOLOGY 

Chairman Dr V Eugene Holcombe, Charleston, W Va 
Chairman Elect Dr G Slaughter Fitz-Hugh, Charlottesville, Va 
Vice-Chairman Dr George M Haik, New Orleans, La 
Secretary Dr Mercer G Lynch, New Orleans, La. 

VIRGINIA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Benjamin Sheppard 301 Medical Arts Building, Rich 
mond, Virginia 

President Elect Dr Emanuel U Wallerstein Professional Building, 
Richmond, Virginia 

Vice-President Dr Calvin T Burton Medical Arts Building, Roanoke, 
Virginia 

Secretary-Treasurer Dr Maynard P Smith 600 Professional Building, 
Richmond Virginia 
Meeting 

WEST VIRGINIA ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James K Stewart, Wheeling W Va 
Secretary-Treasurer Dr Frederick C Reel Charleston W Va 
Annual Meeting Greenbrier, White Sulphur Springs, W Va, May 31st 
through June IsL 
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NOTICE TO CONTRIBUTORS 


The Laryngoscope leserves the right of exclusive publication 
of all articles submitted This does not pieclude their publication 
m Transactions of various Societies 

Manuscripts should be typewritten, double spaced, on one side 
of paper only and with sufficient margins to allow for corrections 

Author’s name and city should appear directly under title on 
fust page, stieet address at end of article 

All prints 01 photographs to be submitted m black and white, 
m good sharp contrast Good halftones depend upon clear photo¬ 
graphs Line drawings for zmcs to be m black and white Colored 
inks or red or blue quadrille rulings will not reproduce 

References should be complete author's surname, initials, 
title of article, Journal, volume, page, month, year 

Six illustrations will be furnished for each article without cost 
to author Authors will please limit illustrations to six or assume 
the expense of additional illustrations 

Proofs will be submitted to authors for corrections If these 
are not returned, articles will be published as corrected in this 
office 

Repnnts will be furnished at the following prices 


WITHOUT COVER 



250 

Copies 

500 

Copies 

1000 

Copies 

2000 

Copies 

Four Pages 

? 19.25 

? 23 00 

$ 30 75 

? 44 50 

Eight Pages 

33 50 

42 75 

58 50 

83 00 

Twelve Pages 

47 00 

60 75 

86.25 

131 50 

Sixteen Pages 

61 00 

78 75 

9S 75 

146 75 

Twenty Pages 

76 00 

96 25 

129 50 

187.25 

Twenty four Pages 

88 75 

112 50 

150 00 

217 25 

Twenty-eight Pages 

97 50 

123.25 

162 25 

233 50 

Thirty two Pages 

115 00 

139 75 

ISO 00 

267 00 


WITH COVER 


Four Pages 


? 46 50 

? 61.50 

$ 88 75 

Eight Pages 


66 25 

89.25 

127 25 

Twelve Pages 


84 25 

117 00 

175 75 

Sixteen Pages 


102 25 

129 50 

191 00 

Twenty Pages 

94 00 

119 75 

160 25 

231 50 

Twenty four Pages 

106 75 

136 00 

180 75 

261 50 

Twenty-eight Pages 

115 50 

146 75 

193 00 

277 75 

Thirty two Pages 

133 00 

163.25 

210 75 

311.25 
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THE INSTITUTIONS OFFERING EIGHT-NINE MONTHS’ 
COURSE IN BASIC SCIENCE IN OTOLARYNGOLOGY 

LEADING TO 

CERTIFICATION AND HIGHER DEGREES* 


COLLEGE OF MEDICAL EVANGELISTS 

Graduate School of Medicine 
Boyle and Michigan Avenue 
Los Angeles 33, California 


HARVARD MEDICAL SCHOOL 

25 Shattock Street 
Boston 15, Massachusetts 
at Harvard Medical School and 
Manchester Eye and Ear Infirmary 


NORTHWESTERN UNIVERSITY SCHOOL OF MEDICINE 

Evanston, Illinois 


UNIVERSITY OF ILLINOIS COLLEGE OF MEDICINE 

1853 West Polk Street 
Chicago 12, Illinois 


UNIVERSITY OF PENNSYLVANIA 

Graduate School of Medicine 
36th and Pine Streets 
Philadelphia, Pennsylvania 

WASHINGTON UNIVERSITY SCHOOL OF MEDICINE 

Euclid Avenue and Kingshlghway 
St. Louis 10, Missouri 


TULANE MEDICAL SCHOOL 

1430 Tulane Avenue 
New Orleans 12, Louisiana 
at Tulane Medical School and 
Eye, Ear, Nose and Throat Hospital 


NEW YORK UNIVERSITY 

Bellevue Medical Center 
Post-Graduate Medical School 
477 First Avenue 
New York 16, New York 

Basic Sciences In Otolaryngology 
September through June 


•Our subscribers are asked to send us information on other institutions 
giving such courses 
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No 5 


BASIC TECHNIQUES IN MYRINGOPLASTY AND 
TYMPANOPLASTY * 


Fred R Guilford, M D , 
and 

Wm K Wright, M D , 
Houston, Tex 


The woik of Wullstem 1 and Zollnei- m the piactical applica¬ 
tion of the technique of tympanoplasty has stimulated otolo¬ 
gists tluoughout the woild to become intei ested m this phase 
of lehabilitative suigeiy Berthold m 1878, fust closed a 
perfoiated eai dium successfully and repoited seveial suc¬ 
cessful lesults Eli, 4 Tageman 5 and Roosa,® m Amenca, tiled 
the opeiation with questionable lesults Theie was a definite 
cessation in the piactice of tympanoplasty fiom 1900, until the 
leports of Wullstem and Zollnei again focused attention on the 
pioceduie Since then thoiough studies and lesults weie le- 
poited, it is a mattei of histoiy that the technique has been 
adopted enthusiastically, and modified to some extent by 
otologic suigeons eveiywheie ' so 


We considei 10 tympanic skm giaftmg to be the basic tech¬ 
nique, and the five types of tympanoplasty to be modifications 
of this technique These modifications depend upon the 
pathology found in the sound conduction mechanism, the 
ossiculai chain, oval window and lound window, as well as 
upon the pathology in the mastoid cavity In all types, conti ol 
of suppuiation m the middle eai and mastoid, as well as mam- 


at the meeting of the Southern Section American Lar\ ngolotrlcal 
Rhinological and Otologrlcal SocIetN Inc Memphis Tenn Jan 25 195S 

r,w Note Ki« Th if ma nnscript receUed in The Lar>n e oscope Office and 
accepted for publication Jan 27 1^58 
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GUILFORD & WRIGHT MYRINGOPLASTY 


tenanee of an an space connecting the two mobile functioning 
windows to an adequately functioning Eustachian tube, is 
necessaiy The middle eai must be lined with mucous mem- 
biane, and the cochleai leseive should be adequate foi com¬ 
plete success of the pioeeduie 

PREOPERATIVE PROCEDURES 

I —Conti ol of SuppiLt ation 

Cultuie and sensitivity tests aie obtained, and the patient 
is stai ted on specific local and systemic antibiotics when avail¬ 
able Bui low’s solution, gentian violet 01 25^pei cent aigyiol 
solutions aie used locally when the tests leveal the oigamsm 
insensitive to specific antibiotics To obtain bettei contact 
between diug and oigamsm the secietions m the middle eai 
aie aspnated at inteivals of 48 to 72 houis, and the diug 
administered thiough a cannula dnectly into the involved 
aiea of the middle eai This is done in addition to local ad¬ 
ministration of the diug seveial times daily by the patient 
If a focus m the mastoid fails to lesolve, a thoiough simple 
mastoidectomy may be done Except when cholesteatoma is 
piesent, these methods usually pioduce a diy eai If ladicai 
mastoid suigeiy should be necessaiy, it should be as conser¬ 
vative as possible, especially with legald to saving the an¬ 
nulus, mucous membiane of the middle eai and Eustachian 
tube function Theie is little to be gained fiom saci if icing 
these stiuctuies, and they aie vital m suigical reconstruction 
of the middle eai and sound conduction mechanism by tym- 
panoplastic techniques 

In or del to cieate a patent Eustachian tube and pi event 
lecunent infection, an adenoidectomy and sinus, oi alleigic 
tieatment, may be necessaiy 

II —Test the Eustachian Tube Function 

Caieful examination of the eai may lule out middle eai 
effusion and letiaction pockets, and determine whethei a 
middle eai an space is piesent Pohtzeiization, Valsalva 
maneuveis and cathetenzation and inflation of the Eustachian 
tube will be helpful These pioceduies give valuable mfoima- 
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tion, but at pieseut we do not have an absolute test of Eu¬ 
stachian tube function 

III—Seaich foi Piesence of Cholesteatoma 

A meticulous examination is made foi maigma 1 pei foi a- 
tions, squamous epithelium m the middle eai, 01 cholesteato- 
matous debus in the perfoiation Magnification with the 
Zeiss opeiatmg micioscope will be helpful in this study 
Mastoid X-i ays may be useful If in doubt, exploi ation of the 
mastoid, epitympamc aiea and middle eai is done at time of 
suigery befoie skin giaftmg pioceduies aie attempted 

IV —Testing of Heai ing Function 

1 An conduction, bone conduction, speech leception thiesh- 
old and discilmmation tests aie done loutmely 

2 Patch test—when possible a papei patch is applied to 
the tympanic pei foi ation to close the opening tempoianly, 
and an an conduction test is made with the patch in place 
When the patch can be applied successfully and a complete 
seal occuis m all areas aiound the penpheiy of the pei foi a- 
tion, valuable mfoimation concerning the mtegiity and func¬ 
tion of the ossiculai chain may be obtained If closing the 
pei foi ation with a papei patch mci eases healing appreciably, 
the ossiculai chain is piesumably intact 

3 Acoustic Piobe—In those cases when it is not possible 
to apply a patch successfully because of the size of the defect 
in the dium, the acoustic piobe is used to deteinnne the 
efficiency of the ossiculai chain In the piesence of choles¬ 
teatoma the acoustic piobe test lesults may not be lehable, 
because it is possible foi the cholesteatomatous mass to act as 
a conducting mechanism between the parts of a disiupted 
chain The lesults may indicate that the chain is intact and 
functioning, but an obvious defect m the chain may be ap¬ 
parent following i emoval of the cholesteatoma, especially m 
the aiea of the incus 


TECHNIQUE OF MYRINGOPLASTY 

Special Pioblems Associated with Tympanic Skm Giafting 
The successful take of the giaft while budging an an- 
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containing cavity (the middle eai), is an important pioblem 
m this type of skin giaftmg The bed foi this giaft lies 
pel lphei ally, foimed by denudi ng the tym panic xemnan t, the 
annulus, and often the adjacent ca nal wall, of squamous 
epithelium These skin giafts diffei fiom the usual skin 
giaft in that then cential portion, which oveihes the defect, 
_is not m dnect contact with any blood supply 

Most authonties agiee that the peimanent blood supply of 
a giaft occuis when endothelial vasculai buds glow fiom 
the bed blood vessels out into the giaft and make continuity 
with the giaft blood vessels between the fouith to tenth 
postopeiative day Paget 11 and Conway 12 feel that most skin 
giafts suivive the fust few days on a plasmic cnculation dif¬ 
fusing extia-cellulaily fiom the bed blood vessels up into the 
giaft We have pieviously leported oui belief that this type 
of circulation could nounsh only that portion of the giaft 
which lies dnectly adjacent to the bed, and we believe that 
some pnmitive type of mtiavasculai cnculation nounshes 
the cential portion of the graft soon aftei its application to 
the bed We believe that an mtiavasculai cnculation begins 
within 24 houis thiough the matching of the many seveied 
ends of the capillanes m the giaft with the numeious capil- 
laiy endings m the denuded vasculai bed Thus an early 
mtiavasculai cnculation occuis thiough the paiallel sub- 
epithelial vasculai netwoik into all portions of the giaft A 
tympanic skm giaft must be cut thick enough to include the 
netwoik of blood vessels lunmng paiallel to the skm suiface 

In genei al, theie aie two such netwoiks a superficial one 
lunmng just below the deimal papillae, and a deep one lying 
m the middle of the deimis These vasculai netwoiks have 
uch anastomoses A thin split thickness graft may contain 
none of this paiallel blood supply, and the cential portion of 
the giaft would piobably slough The full thickness giaft 
and the thiee-fouiths thickness split graft contain both the 
superficial and deep vasculai netwoiks and aie bettei suited 
foi tympanic skm giaftmg We piefei the thiee-fouiths 
thickness skm giaft, as it is not necessaiy to clean the fat 
fiom the undei surface of the giaft, and possible tiauma to 
the gi aft’s blood vessels is avoided 
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Only gentle piessuie should be used m packing the giaft m 
place Piessuie of gieatei than 10 cm of watei may collapse 
the capdlanes in the giaft and cause a slough of the cential 
poition of the giaft 

We have pieviously lepoited othei factois which we be¬ 
lieve aie important m successful tympanic skin giafting 

I Ab senc e of Infection To guaid against latent infection, 
smgeiy should be postponed until the eai has been peifectly 
diy foi at least 30 days We lecommend pie- and postopeia- 
ti\e antibiotics, stenie suigical piepaiation, steule opeiatmg 
loom technique and steule postopeiative caie m office diess- 
mgs A two-stage opeiation may be necessaiy, with the fust 
eiadicating the infection, and the second lepanmg the middle 
eai defect aftei the infection is completely conti oiled 

II Good Exposuie of the Entue Tympanic Remnant and 
Annulus This is a vital factoi m the success of the pioceduie 
done tlnough the tiansmeatal loute and can be an important 
factoi m the comentional endauial appioach as well Occa¬ 
sionally the tiansmeatal pioceduie can be done tluough the 
intact eai canal, but a modified endauial and antenoi U- 
shaped incision is usually lcquued, and enlaigement of the 
bony canal may be necessaiy 

The bed must be completely denuded of evei> vestige of 
squamous epithelium, and the giaft must be placed in close 
apposition to the bed with an adequate oveilap Binoeulai 
magnified vision of all surfaces is lequned, and the antenoi 
sulcus foimed by the tympanic lemnant and the antenoi canal 
wall at the annulus is the most difficult to visualize piopeily 
In the tiansmeatal appioach, it should be lemembeied that 
the visibility is nevei so good as it appeals to be at the begin¬ 
ning of the opeiation 

III Atiaumatic Piepaiation of the Vasculai Bed and Hand¬ 
ling of the Shin Giaft The giaft and the bed should be pie- 
paied with only the shaipest instillments They should not be 
allowed to dry, and the giaft should not be washed in noimal 
saline oi othei so-called physiologic solutions, vhich may be 
injunous to the giaft Ciushmg of the giaft with scissois 
oi f oi ceps should be avoided 
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IV Regiafting If the piimaiy giaft fails because of 
slough, it is well to legiaft as soon as the failuie is discoveied 
The fust giaft invariably stimulates the vasculanty of the 
bed, and the second giaft is moie likely to succeed than the 
fust if lepeated within the fust thiee 01 foui months 

TECHNIQUE OF MYRINGOPLASTY 

Type I—Tympanoplasty Anesthesia is obtained by in¬ 

jection of 2 pei cent xylocame with 1 50,000 adienalm m 


MODIFICATIONS OF TYMPANIC SKIN GRAFTING 


TYPE I 


Pathology Simpia perforated tympanic membrano with intact o»«icular chain 
Rx Skin graft clomro of the perforation will re»ult in essentially 

normal hearing 



Mrs AC—Ag> tfl Larfa fix8 nun. dry 
central partorahon prsscnt for 10 ysars 
Patch and acoustic probe revealed an la- 
tact oaaicular chain. Uaatotd x raya 
nsfatlvs 

Rjc Type 1 Tympanoplasty 


Fig 1 

the postaunculai sulcus and mastoid aiea At the osteo- 
caitilagmous junction m the canal, and along the loof of the 
canal, 1 5000 adienalm is used in the xylocame foi hemo¬ 
stasis In some individuals supplementary geneial anesthesia 
in the foim of mtiavenous pentothal is advisable (see Fig 1) 

A modified endauial incision is made (see Fig 2) and the 
fust incision is earned along the loof of the canal to a point 
2 mm fiom the dium A second incision is then made acioss 
the posteuoi wall of the canal paiallel, and 2 to 3 mm Iateial 
to the annulus It extends as fai as the junction of the flooi 
of the canal with the posteuoi wall A thud incision is then 
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Fig 2 


made fiom the mfenoi end of the second incision lateially to 
ihe osteo-caitilagmous junction The skin flap outlined on the 
postenoi canal wall by these incisions is then elevated latei- 
ally ^Aftei partial elevation of the penosteum ovei the mas¬ 
toid piocess, the postenoi canal flap is tucked between the 
pvei lying soft tissue and the mastoid piocess, to be leplaced 
in the canal at the end of the opeiation A self-ietammg 
letiactoi is inserted, leaving both hands fiee foi mstiumenta- 
tion A U-shaped flap is now cut fi om the skin of the antei 101 
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canal wall (see Figs 3, 4) The lower poition of the U extends 
acioss' the canal paiallel to, and appioximately 3 mm lateial 
to the annulus The vertical poition of the U falls into the 
junction of the loof of the canal with the antenoi wall and the 
junction of the flooi with the antenoi wall respectively The 
veitical incisions extend to the osteo-caitilaginous junction on 



rig- i 


the antenoi wall The antenoi flap is then elevated and lolled 
up onto the skin of the antenoi caitilaginous level, to be ie- 
placed at the end of the opeiation The ovei hanging bone of 
the antenoi canal wall is thinned with a shaip mastoid cuiette 
until the antenoi sulcus can be well visualized 

The giaft bed is piepaied by lemoving the outei layei of 
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squamous epithelium fiom the nm of the dium and adjacent 
canal wall with specially made tympanic membiane cui ettes 
Occasionally a shaip knife is used to turn the cuff fiom the 
inside of the perfoiation winch is foimed by the junction of 
the squamous epithelium with the mucous membiane fiom the 
undeisuiface of the dium Aftei denuding the fibious layei, 



Fig 4 


the peifoiation is measuied with a fenestiometer An ap- 
piopi lately sized thiee-fourths split thickness giaft is then 
cut with a “Week” lazoi blade fiom the non-han beaung 
skin ovei the mastoid The giaft is placed law surface up on 
a tongue blade and cut to measuie with a scalpel, so that it 
oveilaps the perfoiation 2 to 4 mm m all dnections save 
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postenoily, wheie it oveilaps 4 to 6 mm The graft is placed 
m position on the tympanic lemnant, and all ,edges_ ai e ever ted 
with shaip picks It is then pushed into contact with the 
dium and anteiioi sulcus with a wne ung cuiette The 
giaft is then coveied with small stups of cigaiette papei, 
and one-sixteenth-meh cotton balls aie gently placed against 
the annulus and ovei the cential portion of the graft The 
anteiioi and posteiioi skin flaps aie now loiled back into 
place, coveied with cigaiette papei stups, and the lemamder 


TYPE LI A 


Pathology Perforated tympanic membtano with eroaioa of milieu* 
Rx The graft is placed so that it contacts the incue 



Mr tB A%9 1ft Drahuag me* 
etui mood r«v**l*d * 

3 x 7 c*nuil j««rfor4tlrui x.ilh %ro«w*a 
of h*odl« of ih 

Rx- Iaf«cUoa nrlth local p* 

clflc rouble tic* Tyrnp^olc *kla 
gritt o*«d to c!o*« perforation uui 
plicad to cooUtt «Uh th Lncu* 


Fig 6 


of the canal filled with antibiotic ointment impi egnated cotton 
balls The incision along the loof is protected by a stup of 
suigical layon, and the small external incision is closed with 
silk Tlie donoi site is coveied with antibiotic ointment lm- 
piegnated layon and a mastoid diessmg is applied 

The patient is maintained on an appiopnate antibiotic foi 
24 houis pieopeiatively, and seven days postopeiatively The 
packs aie lemoved on the seventh day, and the cigaiette 
papeis wiped out on the 14th day The mastoid diessmg is 
lemoved aftei 48 houis and a small diessmg applied ovei the 
layon on the donoi site, which is usually healed m 10 days 
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MODIFICATIONS OF TYMPANIC SKIN GRAFTING 

The Type I technique has been descubed We have divided 
the Wullstem Type II into A and B classifications (see Fig 5) 

Type II-A Pathology—a perfoiated tympanic membiane 
with eiosion of the long piocess of the malleus and an other¬ 
wise intact ossiculai chain 



Mr BC—Age 25 Intermittent drainage 
from large central perforation and poor 
hearing all his life Patch test failed to 
raise air conduction, and demonstrated 
non-functioning ossic ular rhatn 
ltd Erosion of long process oi incus was 
found In surgery, and a Type n Tympano¬ 
plasty vas done 


Fig 6 


Technique—the giaft is placed so as to contact the long 
piocess of the lncus^ theieby transmitting-its-vibrations di- 
lectly to the mcudostapedial joint 

Type II-B (See Fig 6) Pathology—neciosis ofjtheJong 
piocess of the incus is p iesent with loss of the true mcudo- 
stagecfial joint Fi biou s adhe sions acioss the defect between 
the shorten ed incus a nd_ stapes head do noftaet ns a satis- 
faetoTy^mcudostapedial joint m the tiansmission of sound 
impulses The accepted pioceduie in this situation has been to 
remove the ossicles_m_conjunction ivith a ladical mastoidec¬ 
tomy and do a Wullstem Type III tympanoplasty In the ab- 
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sence of cholesteatoma we have found that this type of pathol¬ 
ogy can often be handled by modification of YVullstem’s Type 
II tympanoplasty This technique has the following advan¬ 
tages 

1 It can often be done daectly thiough the external audi- 
toiy canal as in mynngoplasty 01 Type I tympanoplasty If 
the status of the mastoid is unsiue, exploiation of the mastoid, 



Ml»a PB Classical Radical Mastoidectomy 
cavity with, a 55 db loss Stapes mobile 
Rx Tympanic graft used to bridge over 
middle ear and placed in contact with the 
stapes 27 db gain 


' I 
I '■ 

I 


rit, 7 


including the epitympanum may be done, leaving the bony 
external auditoiy canal intact If the epitympanum is fiee of 
disease, it is often unnecessaiy to lemove the incus 

2 It msuies an adequate an space m the stapes aiea of the 
middle eai, allowing fiee mobility of the new tympanic mem- 
biane and stapes 

3 Impiovement of healing may be gieatei than the aveiage 
Type III tympanoplasty lesult 

4 It may avoid the inheient disadvantages of a ladical 
mastoid cavity, howevei, this technique may be applied when 
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a modified ladical mastoidectomy is necessaiy, if a small 
portion of the budge is left intact 

Technique—the denuded tympanic lemnant is laised fiom 
the annulai sulcus postenoily, and the mcudostapedial joint 
aiea is exposed by wide lemoval of bone m the annulai aiea 
At this time the lound window aiea may be inspected and 
mobility of the stapes deteirmned 

When the giaft is applied the denuded lemnant of the 
dium and giaft aie depiessed and packed lightly m place so as 
to contact the shoitened long piocess of the incus, as well as 
the head of the stapes, thus the giaft budges fiom the 
annulus antenoily to the malleus, to the mcus and stapes, 
arid back onto the postenoi wall of the canal 

Type III Pathology—Destiuction of the ossiculai chain 
is piesent, usually due to eiosion by cholesteatoma The 
stapes is intact and is mobile 01 may be mobilized Theie is 
loss of the postenoi and supenoi canal wall, because a ladical 
mastoidectomy is necessaiy 01 has been done pieviously The 
annulus has been pieseived and the Eustachian tube is 
functioning 

Technique—all pathological piocesses aie lemoved fiom the 
middle eai and mastoid The lound and oval windows, in¬ 
cluding stapes mobility, aie investigated A tympanic skin 
giaft is applied so that it budges fiom the tympanic lemnant 
01 annulus to the flooi of the attic and facial ndge The 
gi aft is packed gently into contact with the head of the stapes 
m 01 dei that vibiations aie transmitted dnectly to the stapes, 
affolding a columella effect, similai to the middle eai con¬ 
ductive mechanism m the bud’s eai 

Type IV Pathology—Destructive piocesses similai to Type 
III except that the ciuia of the stapes aie missing, the foot¬ 
plate is mobile, oi a mobile oval -window membiane is piesent 

Technique—lound window piotection is achieved by bridg¬ 
ing the skin giaft fiom the annulus to the piomontoiy, leaving 
the oval window exposed to dnect vibiation of sound 

Type V Pathology—In addition to the pathological changes 
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found in Types III and IV, the oval window is nonfunctional 
because of lneveisible fixation of the stapes, 01 fibiosis 

Technique —afte i fenestiation_o£ _the-lateial_semicncular 
jcanal, the tympanic giaft is- appkecLto. Juj dge ac ioss the 
middle eai space onto the flooi of the attic^covei mg„ the 
fenesti a in the lateial sermciieulai canal 

SUMMARY 

1 The general pnnciples and basic techniques of tympanic 
skm giaftmg have been descubed 

2 The modifications of this basic technique into the five 
types of tympanoplasty have been discussed 

3 Piehmmaiy pieopeiative pioceduies, including selection 
of patients foi tympanoplasty, have been descubed 


ANNUAL OTOLARYNGOLOGIC ASSEMBLY 
UNIVERSITY OF ILLINOIS 

The Univeisity of Illinois College of Medicine Department 
of Otolaiyngology announces its Annual Otolaiyngologic As¬ 
sembly fiom Septembei 29 thiough Octobei 5, 1958 The 
Assembly will consist of an intensive senes of lectuies and 
panels concerning advancements m otolaiyngology, and even¬ 
ing sessions devoted to suigical anatomy of the head and 
neck and histopathology of the eai, nose and tin oat Intel- 
ested physicians should wnte dnect to the Department of 
Otolai yngology, 1853 West Polk Stieet, Chicago 12, Ill 



PRELIMINARY REPORT ON THE PATHOGENESIS OF 
DERMATOSES OF THE EXTERNAL 
AUDITORY CANAL 

Twenty Cases of Acute Diffuse External Otitis, 

Due to Deep Infections 

Edley H Jones, M D , 

Vicksbuig, Miss, 
and 

Tom D Norman, M D , (By Invitation), 

Jackson, Miss 


External otitis has always been a subject of particulai m- 
teiest to otologists, and moie lecently, to deimatologists 
Dui mg lecent yeais many excellent investigative studies 
have been leported, yet only a casual survey quickly leveals 
that moie aie indicated and needed 

As pievious mvestigatois have pomted out, the term “ex¬ 
ternal otitis” embiaces a vanety of diseases that have little 
m common othei than that they occui m the external eai 
Since the external eai, auricle and canal, is entnely coveied 
by skin, these diseases must basically be designated deima- 
toses It is natuial that otologists aie piimaiily inteiested 
m the acute infections of the canal, and that deimatologists 
aie piimaiily intei ested m othei dermatoses of the auricle 
Geogiaplncal location and climate, moie specifically, tempeia- 
tuie, humidity, and exposuie, aie important factois Oui 
Southern otologists annually see many cases of acute diffuse 
external otitis and fumuculosis with a shaip rise m the case 
load shortly aftei the opening of the sw immin g season, and 

•Read at the meeting of the Southern Section of the American Laryn- 
gologlcal Rhlnological and Otological Society Inc. Memphis Tenn Jan 24 
195S 

tFrom the DLislon of Otolary ngology Department of Surgery and the 
Department of Pathology UnKersity of Mississippi Medical Center Jack- 
son Miss 

Editor’s Note This manuscript received in The Laryngoscope Office and 
accepted for publication Jan 27 1958 
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this expenence is leflected m then studies and lepoits, oui 
Northern colleagues m duel, coolei climates see fewei of 
these cases, and aie moie concerned with the othei deima- 
toses 

Reviews and discussions of the subject aie hampeied by 
the lack of a simple classification that is definite, cleaily 
undei stood and geneially accepted Sentuna a published a 
detailed classification m his book, “Diseases of the External 
Eai,” yet his mtioduction of it indicated he was not entnely 
satisfied with it, and it could haidly be called simple 

Foi the puipose of this piesentation we will employ the 
following etiological classification 

Acute Diffuse External Otitis 

I Deimatoses due to infection 

A Supeificial —1 Bactenal, 2 Vnal, S Fungal 
B Deep —1 Bactenal, 2 Vnal, 3 Fungal 

II Othei deimatoses 

Oui piesentation will be confined to those cases due to deep 
bactenal infections We considei fuiunculosis a piogiessive 
development and accompaniment of acute diffuse external 
otitis, due to fuiuncle-foimmg bactena These cases aie the 
lesult of Giam-positive bactenal infections, Giam-negative 
infections aie usually superficial 

Oui inteiest m this phase of this subject was aioused by 
Sophian and Sentuna's 4 detailed lepoit of five biopsies of 
acute diffuse external otitis They commented on finding 
dilatation of the capillaiy and aitenolai vessels, endothelial 
swelling, hypeiplasia and sometimes thiombosis and neciosis, 
noting that these vasculai leactions aie usually associated 
with toxic oi alleigic leactions lathei than with pyogenic in¬ 
fections Furthei they noted a high eosmophiha (aveiage 24 
pei cent) m the mflammatoiy exudate m the tissues While 
they pointed out that then findings did not necessanly in¬ 
dicate that the mflammatoiy piocess was alleigic, they lecog- 
nized that “certain clinical and pathological aspects—weie 
compatible with a state of sensitization " 
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One of us has studied alleigy foi the past 30 yeais and is 
keenly awaie of the impoitance of alleigy in otolaryngology, 
but could not accept such findings as typical of acute diffuse 
external otitis Although the usual data weie piesented they 
did not include any histoiy 01 indication as to whethei those 
patients had an alleigie backgiound, whethei they had been 
given previous local tieatment that could have caused a com¬ 
plicating contact deimatitis, noi did they include any bac- 
tenologic, cytologic 01 hematologic studies 

Oui seaich of the liteiatuie at that time failed to leveal 
any othei leport of biopsies of cases of acute diffuse external 
otitis Latei Shelly and Peiry- published an intei estmg in¬ 
vestigative study on the expenmental pioduction of external 
otitis, leportmg ovei 70 biopsies Obviously, we cannot use 
them foi duect companson with oui mateiial 

In 1956 we studied biopsies and white blood counts of thiee 
cases of acute diffuse external otitis, one complicated with 
fui uncle formation (pieviously buefly leported 1 but included 
m this study) These findings weie quite diffeient fiom 
those leported by Sophian and Sentuiia/ and piompted us 
to continue oui studies m tins field 

MATERIALS AND METHODS 

To date we have studied biopsies of 27 cases We do not 
have complete data on all of these but can fully leport 20 
cases, 12 of which weie complicated with fuiunculosis One 
patient was seen m the Umveisity Out-Patient Clinic, but the 
othei 19 weie pnvate cases Insofai as possible they weie 
taken consecutively, as they piesented themselves, excepting 
only young childien, unusually apprehensive patients, and 
those who came m at the veiy end of the office houis The 
biopsies weie taken with the patients’ knowledge and permis¬ 
sion Appioximately 0 5 ml of 2 pei cent xylocame with 
1 50,000 epmephime was slowly injected 3 to 5 mm antenoi- 
ly to the chosen site, after five minutes an elliptical V-shaped 
section, 2 oi 3 mm wide, and 4 to 6 mm long and extending 
down to the cartilage, was lemoved The specimen was fixed 
in 10 pei cent foi malm, sections 5 micron thick weie made, 
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satisfied with it, and it could haidly be called simple 
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following etiological classification 
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A Supeificial —1 Bactenal, 2 Vnal, 3 Fungal 
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Oui piesentation will be confined to those cases due to deep 
bactenal infections We considei fuiunculosis a piogiessive 
development and accompaniment of acute diffuse external 
otitis, due to fuiuncle-foiming bacteua These cases aie the 
lesult of Giam-positive bactenal infections, Giam-negative 
infections aie usually supeificial 

Oui inteiest m this phase of this subject was aioused by 
Sophian and Sentuna’s 1 detailed lepoit of five biopsies of 
acute diffuse external otitis They commented on finding 
dilatation of the capillaiy and artenolai vessels, endothelial 
swelling, hypeiplasia and sometimes thiombosis and neciosis, 
noting that these vasculai leactions aie usually associated 
with toxic oi alleigic leactions lathei than with pyogenic in¬ 
fections Furthei they noted a high eosmophiha (aveiage 24 
pel cent) m the mflammatoiy exudate in the tissues While 
they pointed out that then findings did not necessanly in¬ 
dicate that the mflammatoiy piocess was alleigic, they lecog- 
nized that “ceitain clinical and pathological aspects—w f eie 
compatible with a state of sensitization ” 
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One of us has studied alleigy foi the past 30 yeais and is 
keenly awaie of the importance of alleigy m otolaryngology, 
but could not accept such findings as typical of acute diffuse 
external otitis Although the usual data weie presented they 
did not include any history 01 indication as to whethei those 
patients had an alleigic background, whethei they had been 
given pievious local treatment that could have caused a com¬ 
plicating contact deimatitis, noi did they include any bac- 
tenologic, cytologic 01 hematologic studies 

Oui seaich of the liteiature at that time failed to leveal 
any othei leport of biopsies of cases of acute diffuse external 
otitis Latei Shelly and Perry 2 published an interesting in¬ 
vestigative study on the experimental production of external 
otitis, lepoiting ovei 70 biopsies Obviously, we cannot use 
them foi dnect companson with our matenal 

In 1956 we studied biopsies and white blood counts of three 
cases of acute diffuse external otitis, one complicated with 
fuiuncle formation (previously bnefly reported 1 but included 
in this study) These findings weie quite different from 
those lepoited by Sophian and Senturia, 1 and prompted us 
to continue oui studies m tins field 

MATERIALS AND METHODS 

To date we have studied biopsies of 27 cases We do not 
have complete data on all of these but can fully leport 20 
cases, 12 of which weie complicated with fuiunculosis One 
patient was seen m the Umveisity Out-Patient Clinic, but the 
othei 19 weie pnvate cases Insofai as possible they weie 
taken consecutively, as they presented themselves, excepting 
only young childien, unusually apprehensive patients, and 
those who came m at the very end of the office houis The 
biopsies weie taken with the patients’ knowledge and permis¬ 
sion Approximately 0 5 ml of 2 pel cent xylocame with 
1 50,000 epmephime was slowly injected 3 to 5 mm antenoi- 
ly to the chosen site, aftei five minutes an elliptical V-shaped 
section, 2 or 3 mm wide, and 4 to 6 mm long and extending 
down to the cartilage, was removed The specimen was fixed 
m 10 per cent foimalm, sections 5 micron thick weie made. 
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some semisenally Slides of all cases weie loutmely stained 
with, hematoxylin and eosm, but slides fiom six biopsies also 
weie stained by Giemsa’s technique and MacCallum’s modifi¬ 
cation of Goodpastuie’s Glam’s stain A total and diffei- 
ential white blood count was loutmely made on each patient 

A statistical analysis of these cases leveals then ages lan 
fiom 12 to 67, youngei patients weie puiposely not included 
Only 25 pei cent weie m the coloied lace, winch confmms 
pievious observations by other otologists The incidence m 
sexes was identical, but it is intei estmg to note that the seven 
cases following swimming weie all males, five m then 'teens, 


CHART 2 
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Race 

Sex 

11 
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1 
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Furuncle Noted _12 

s 

4 

0 

7 

5 

4 
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while seven of the eight who gave a history of pievious in¬ 
volvement weie females Fuiuncle foimation was noted at 
the time of fust examination m 12 of the 20 cases, eight of 
the 15 whites, and foui of the coloied Oddly enough, a 
history of tiauma was obtained m only two cases, both white 
adults, one male and one female Almost one-half weie 
patients m then thud decade, but theie was at least one m 
each of the second, fourth, fifth, sixth and seventh decades 
Patients weie seen m every season and almost eveiy month, 
with moie than one-half m July and August 

PATHOLOGIC STUDIES OF BIOPSIES 
Histologic Chaiactei istics of the Inflammatory Reaction 

The degiee of the inflammatory zeaction, as deteimmed by 
the numbei of inflammatory cells and the basic alteiations of 
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the tissues, vaned with diffeient patients, but foi the most 
part was modelately seveie (see Fig 1) Although lound 
cells (mostly lymphocytes) weie predominant m thiee pa¬ 
tients, the usual situation was a gieat piepondeianee of poly- 
moiphonucleai leukocytes (see Fig 2) These cells usually 
mfiltiated most aieas of the biopsy specimens diffusely, but 



FIs' 1 (E-56-67) moderately severe inflammatory reaction In connective 

tissue under epidermis and around hair follicles and sebaceous grlunds 
Onlj a few inflammatory cells are seen in the epithelium and there is 
moderate parakeratosis Hematoxylin and eosln stain X-60 


in some locations they weie moie concentiated, occasionally 
aiound skm appendages There was no penvasculai collec¬ 
tion of the mflammatoiy cells 

Eosinophils weie scaice in most of the tissue sections, but 
m two patients these cells weie significantly mcieased When 
piesent, the eosinophils weie found thioughout the inflam¬ 
matory leactions 

Focal tissue destiuction m the deimis, with mfiltiation of 
solid sheets of neutiophilic leukocytes, was present m seveial 
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patients (see Fig 3) These furuncles weie lelatively small 
and weie sunounded by inflammatory cells of the type seen 
m othei ai eas of the tissue m that patient A few eosinophils 
weie piesent in the exudate within the fuiuncles in biopsy 
matenal m which those cells weie piesent elsewheie 

Giam-positive bactena in clumps (see Fig 4), moipho- 
logically similai to staphylococci, weie found deep in the tis- 



Fig 2. (E-56-t>7) Polymorphonuclear inflammatory cells in tissue illus- 

strated b> Fig L Hematoxjlin and eosin stain X-330 


sue fiom two patients Similai bactena weie piesent m 
detached keiatm and cellulai debus m one of these biopsies 
and two otheis 

Infiltiation of the epideimis was limited to neutiophilic 
leukocytes and an occasional eosinophil, noted m areas of 
spongiosis and vesiculation (see Fig 5), oi lately within hau 
follicles (see Fig 6), giving the appeaiance of micioabscesses 
within the epideimis, these cells also weie noted m the most 
superficial keratin layei and in fiagments of keiatm debus 
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The matenal fiom one patient was ehaiactenzed by the 
piesence of many laige multmucleated giant cells of the type 
commonly seen with foieign bodies Many cells of vaned 
type were seen aiound these giant cells 

Epidemms 

In most of the sections theie was a slight thickening of the 
epideimis, with some hypeikeiatosis, paiakeiatosis, and slight 



Fie 3 (E-57-111) Purulent exudate present in a furuncle Hematoxylin 

and eosln stain X-230 


hypeiplasia of the basal layei Elongation of the lete pegs 
of a mild degiee was commonly piesent Spongiosis (edema) 
of the epideimis was fiequent, being absent completely m 
only thiee patients Vesiculation of vaiymg degiee was often 
piesent and, as expected, appealed to be a piogiession fiom 
the seveie stage of spongiosis (see Fig 5) As noted pievi- 
ously, neutiophils and a few eosinophils weie m these aieas 
Micioabscesses (see Fig 6), appealing to lesult fiom intia- 
folliculai inflammation and quite diffeient fiom the vesicula- 
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tion, weie seen laiely Degeneiation of the epideimis and 
neutiophilic infiltiation weie piesent ovei the fuiuncles 
Folliculai hypeikeiatosis was piesent to some extent m all 
of the tissue except that fiom one patient 

Skin Appendages 

In geneial the hail follicles shaied the changes of the epi¬ 
deimis, though to a lessei degiee Spongiosis and vesiculation 



Fig 4 (E-56-185) Small clump of grani-positl\ e cocci (upper center) 

deep in skin of ear Gram s stain X-450 


weie piominent m matenal fiom some patients and the in¬ 
flammatory exudate of the deimis was occasionally concen- 
tiated about the hail follicles Neutiophils, and laiely eosmo- 
pluls, weie piesent m the aieas of spongiosis and vesiculation 
Micioabscesses within follicles have been descubed above 

The apocune (ceiummous-pioducmg) glands vaned m the 
height of then epithelium, consistent with known vanation 
due to secietory activity In the vicinity of the most seveie 
mflammatoiy leactions the glandulai epithelium was distoit- 
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The matenal fiom one patient was chaiactenzed by the 
piesence of many laige multmucleated giant cells of the type 
commonly seen with foieign bodies Many cells of vaned 
type weie seen aiound these giant cells 

Epidermis 

In most of the sections theie was a slight thickening of the 
epideinns, with some hypeikeiatosis, paiakeiatosis, and slight 



Fig 3 (E-57-111) Purulent exudate present in a furuncle Hematoxylin 

and eosln stain X-230 


hypeiplasia of the basal layei Elongation of the lete pegs 
of a mild degiee was commonly piesent Spongiosis (edema) 
of the epideinns was fiequent, being absent completely in 
only thiee patients Vesiculation of vaiymg degiee was often 
piesent and, as expected, appealed to be a piogiession fiom 
the seveie stage of spongiosis (see Fig 5) As noted pievi- 
ously, neutioplnls and a feu eosinophils weie m these aieas 
Micioabscesses (see Fig 6), appealing to lesult fiom intia- 
folhculai inflammation and quite diffeient fiom the vesicula- 
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tion, weie seen laiely Degeneiation of the epidemus and 
neutioplnhc mfiltiation weie piesent ovei the fuiuncles 
Folliculai hypeikeiatosis was piesent to some extent in all 
of the tissue except that fiom one patient 

Skin Appendages 

In geneial the hail follicles shaied the changes of the epi- 
deinns, though to a lessei degiee Spongiosis and vesiculation 



FIS' 4 (E-56-1S5) Small clump of gram-positK e cocci (upper center) 

deep in skin of ear Gram s stain X-450 


weie piomment in matenal fiom some patients and the in¬ 
flammatory exudate of the deimis was occasionally concen- 
tiated about the hail follicles Neutiophils, and laiely eosino¬ 
phils, weie piesent m the aieas of spongiosis and vesiculation 
Micioabscesses witlun follicles have been descubed above 

The apocnne (ceiummous-pioducmg) glands vaned m the 
height of then epithelium, consistent with known vanation 
due to secietoiy activity In the vicinity of the most seveie 
mflammatoiy leactions the glandulai epithelium was distoit- 
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ed, and inflammatory cells, usually only a small numbei, 
weie piesent within the epithelium and the lumens The 
glands weie badly damaged 01 destioyed occasionally in the 
vicinity of the most seveie inflammation (see Fig 7) Dilata¬ 
tion of the ducts eithei was not present 01 was slight 

Inflammatoiy cells m and aiound the sebaceous glands 
weie spaise Retention of sebum was piesent to a slight de- 
giee in some glands 



Fig 5 (E-57-136) Polj morphonuclear leukoc> tea in areas of spongiosis 

and vesiculation Hematoxylin and eosln stain X-230 


Dei mis 

The geneial inflammatoiy leaction m the deimis has been 
descubed above This was accompanied by some degiee of 
edema m most of the matenal, most piomment m the uppei 
deimis Biown pigment which gave a negative leaction to 
the lion stain was present m matenal fiom two patients 

Dilatation of blood vessels was noted, especially in the 



JONES & NORMAN EXTERNAL AUDITORY CANAL 


849 


uppei dei mis Endothelial swelling was piomment, varying 
m seventy with the amount of inflammation piesent In 
some vessels the lumen was nail owed by the swollen endothe¬ 
lial cells No vasculai thiombi weie noted, neciosis of blood 
vessels was also absent 

HEMATOLOGIC CORRELATION 

A scatteigiam plotting the total wlute counts of the pe- 
npheial blood against the peicentage of neutiophils in the 



Fig 6 (E-57-138) Leuhocvtlc infiltration of polymorphonuclear type 

in hair follicle Hematoxylin and eosin stain X-230 


tissues leveals a fanly consistent finding of moie than 50 pei 
cent segmented cells m the tissues when the total count was 
ovei 10,000 A second scatteigiam plotting the peicentage of 
eosinophils in the penpheial blood against the peicentage 
of eosinophils seen m the tissues failed to leveal any eoi- 
lelation, compaiativelv few eosinophils weie noted m the 
tissues, legaldless of the peicentage found m the penpheial 
blood 
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DISCUSSION 

The mflammatoiy leaction piesent m these patients dif- 
feied fiom that descnbed by Sophian and Sen tun a* m that 
theie was significant tissue eosmophiha in only two speci¬ 
mens Fui uncle foimation, conspicuous in oui matenal, was 
not descnbed in then studies Sophian and Sentuna also 
descnbed vasculai neciosis and thiombosis, neithei of these 



changes was piesent m oui matenal With the exception of 
tissue eosmophiha in two cases theie was nothing in the his¬ 
tologic featuies of the inflammatory piocesses studied by us 
to suggest a hjpei sensitivity mechanism On the conti aiy, 
the featuies in geneial aie those one would expect to find 
m an infectious piocess, with localisation and fui uncle foima¬ 
tion m specimens fiom some patients It is possible that in 
the two patients in whom theie was tissue eosmophiha the 
basic changes iveie pioduced by hypeisensitivity, with a com- 
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plieating infectious piocess One of these patients had a 
definite fui uncle 

Shelley and Perry,- in an expeiimental study of the effect 
of vanous matenals on the human external eai, desenbed 
spongiosis and yesiculation of follicles as chaiacteiistic of a 
low grade contact dermatitis, pioduced by a 1 100 acetone 
solution of 3-n-Penta Decyl-catechol, howevei, they also noted 


est/ti attster Cent 
SEGflENTES CEUS 
IN TISSUES 
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nniT£.3uoo) counts 



a smnlai change m the skm of eais tieated with an nntant, 
2 to 4 pei cent formalin The folliculai alterations desenbed 
m those expeimients weie similai to the spongiosis and vesi- 
culation piesent in the follicles of oui material, m our studies, 
however, these changes weie even moie pionounced m the 
epideimis piopei In view of the fact that spongiosis and 
vesiculation weie pioduced by entnely diffeient chemicals 
in then studies, and aie piesent m a vanety of skm diseases, 
it seems unlikely that these folliculai oi epideimal changes 
aie a specific chaiacteiistic of alleigic disease of the external 
eai 
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The one biopsy specimen of the piesent study m which a 
giant cell leaetion was pxesent is of inteiest It seems likely 
that they lesulted fiom damage to sebaceous glands with loss 
of sebum into the tissue Although no foieign mateiial could 
be demonstiated, it is possible that an unknown mateiial had 
been intioduced into the tissues of the eai 

Humidity, tempeiatuie and swimming aie cunently con¬ 
sidered important factois in the pioduction of this type of 
external otitis, and these studies may add some support to 
this opinion The lelative humidity is lathei high in this 
aiea throughout the yeai and does not vary gieatly, while 
theie is no dnect relationship between high humidity and 
incidence of cases, the constant high humidity may explain 
the incidence of cases duiing the Wrntei months Apparently 
highei tempeiatuies m Summei had no influence othei than 
to encouiage swimming but, again, the aveiage tempeiatuie 
in this aiea is comparatively high The incidence following 
swimming is obvious 

The occunenee of fuiunculosis throughout the yeai adds 
suppoit to oui opinion that fuiunculosis is a stage m the in¬ 
flammatory piocess of acute diffuse external otitis due to 01 
complicated with infection by fuiuncle-foimmg bacteria 

CONCLUSION 

We have piesented detailed studies of the pathologic find¬ 
ings m 20 cases of acute diffuse external otitis due to infec¬ 
tion, 12 of which weie clinically complicated with fuiunculosis, 
and have con elated them with total and differential white 
blood counts 

These studies have been interesting to us, but we do not 
considei them final m any sense The obvious differences 
between oui findings and those of Sophran and Sentuna, 4 
and the known influence of tempeiatuie, humidity and ex¬ 
posure, adds suppoit to the theoiy that the clinical pictuie of 
this type of acute diffuse external otitis may be vaiied m 
diffeient geographical aieas and climates We feel that 
studies fiom othei aieas aie indicated, and hope that othei 
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otologists and pathologists will join us in continuing these 
investigations 

Oui appieciation is extended to Mi John Dickson, Chief, 
Department of Medical Ulustiation, Univeisity of Mississippi 
Medical Centei, foi the miciophotogiaphs used m this papei 


REFERENCES 

1 Jones, Edlex H Symposium—Allergy of the Ear, the External 
Eai Trans Amer Acad Ophthal and Otolaiynyol , 61 86 90, Jan Feb, 
1937 

2 Shelley IV ylter B, and Perry, Eldon T The Experimental Pro¬ 
duction of External Otitis In Man Join Investigat Dermatol , 27 2S1 2S9, 
Nov, 1956 

Slnturiy, Ben H ‘‘Diseases of the External Ear” Chailes C Thomas, 
Spungfield Chap IV, 1957 

4 SorniAN L H, and Senturiy Ben H The PathologY of Acute Dlf 
fuse External Otitis Ann Otol , Rhinol and Lanjngol , 64 300 318, March, 
1955 


POST GRADUATE COURSE 
UNIVERSITY OF ILLINOIS 

The next postgiaduate couise m Laiyngology and Bioncho- 
esophagology to be given by the Univeisity of Illinois College 
of Medicine is scheduled foi the peiiod Octobei 27 tlnough 
Novembei 8, 1958, undei the dnection of Di Paul H Holingci 

Intel ested legistiants please wnte to Depaitment of Oto¬ 
lai yngology, Univeisity of Illinois College of Medicine, 1853 
West Polk Stieet, Chicago 12, Illinois 



PATHOLOGY OF THREE HUNDRED CLINICALLY 
BENIGN LESIONS OF THE VOCAL CORDS * 


G S Fitz-Hugh, M D ,j 
David E Smith, M D ,% (By Invitation), 
and 

A T Chiong, M D ,j (By Invitation), 
Cliailottesville, Va 


The suivey of this gioup of patients was piompted by 
Salmgei’s piovocative article, published in The Laryngo¬ 
scope m 1956, pertaining mainly to the nomenclatuie of be¬ 
nign tumois of the laiynx Fiom the matenal accumulated, 
and the information available in the ai tides mentioned in 
the bibliogiaphy, 230 we have made an attempt to claufy oui 
thinking m legald to the classification of abnoimal but be¬ 
nign changes m the tissues of the vocal coids As will be 
seen, it is evident that the lesults of the suivey will be of 
benefit to us, and peihaps may be of intei est to otheis 

We decided to study 300 consecutive cases (May, 1949, 
thiough May, 1957, an eight-yeai penod), in which matenal 
was lemoved fiom the vocal cold foi theiapeutic and diag¬ 
nostic leasons The laryngoscopies and excisions of tissue 
weie perfoimed by membeis of the Department of Otolaryn¬ 
gology, of the Univeisity of Vnginia Hospital, except m two 
instances (tissue lefened by otolaryngologists m neighboung 
cities) , and all the matenal was examined by the membeis 
of the Department of Pathology of tins institution A numbei 
of individuals participated in the above pioceduies, and this 
is one of the leasons foi the confusion that was appaient m 
the piesentation of the matenal to the pathologists and m 
the reporting of the lesults of then examinations 

As will be noted, the suivey was initiated by fust leview- 


*Read at the meeting of the Southern Section American Laryngologies! 
Rhlnologlcal and Otologlcal Society Inc Memphis Tenn, Jan 24 195S 

From the Department of Otolarj ngologyt and the Department of Pathol- 
Ogvt TJnlversltj of Virginia Hospital 


Editors Note This manuscript receded In The Laryngoscope Office and 
accepted for publication Jan 27 195S 
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mg the vauous intei pi etations of the tissues, as lepoited by 
the fust pathologists, who weie the ones designated to be 
the exammeis of all the loutme specimens received by the 
Department of Pathology at that paiticulai time Conse¬ 
quently, the matenal was analyzed by many diffeient patholo¬ 
gists of vaiying giades of expenence m studymg lai*yngeal 
stiuctuies It was shown, also, that this group seldom le- 
ceived an adequate clinical descuption of the section to be 
examined In the majonty of cases the pathologist was 
awaie only that the specimen was taken fiom the vocal coid 


TABLE I—CLINICAL DIAGNOSIS 


1 Undiagnosed (Tissue from Vocal Cord) __ „ _ 97 

2 Polyp__ __ _ _ „57 

3 Papilloma __ _ „ _ _26 

4 R 0 Carcinoma _ _ __ _25 

5 Granuloma _ „ _ _ _ __„ 24 

6 Juvenile Papilloma „ _ __ __12 

7 Vocal Cord Nodule_ ___ _ ...... _ ....11 

8 Leukoplakia_ __ _ _ _.... 10 

9 Cjst__ _ „ „ __ _ _ S 

10 Laryngitis (Inflammation) _ _ _ 7 

11 Singers’ Nodule _ _ _ __ 5 

12 Hyperkeratosis _ _ _ __4 

13 Hemangioma _ _ __ 4 

14 Benign Lesion „ _ _ „ 4 

15 Keratosis _ — _ 2 

16 Mucosa _ _ _ „ .. ___2 

17 Ulcer (Inflammation) ...._. „ _ _ _ _ 1 

18 Fibroma — - _1 


This inadequacy is demonstiated m the details of the fust 
Table, entitled, “Clinical Diagnosis ” The foim accompany¬ 
ing the section was usually completed by an assistant junioi 
lesident, the accuiate xecoid of the semoi staff physician 
not being available This was mainly tiue in legald to the 
eailiei patients m the gioup, the defection having been col¬ 
lected latei 

Refeiiing again to Table I, “Clinical Diagnosis," one will 
notice a laige numbei m the undiagnosed category The tis¬ 
sue was sent to the pathologist with very meagei details 
concerning the histoiy, plus the notation only that it was fiom 
a vocal coid Further examination of this chait shows other 
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evidences of lack of detail and caie m stating the pieopeiative 
clinical diagnosis 

Next, lefeience is dnected to Table II, entitled, “Initial 
Pathological Diagnosis " One is mipiessed immediately by 
the numeious diagnoses made, and also by the srmilanty and 
minoi vanations m many of them These diffeiences may be 


TABLE II—INITIAL PATHOLOGICAL DIAGNOSIS 


1 

o 

3 

4 

5 

6 
7 
S 
9 

10 

11 

12 

13 

14 

15 

16 
17 
IS 

19 

20 
21 
22 

23 

24 

25 

26 
27 
2S 
29 


Singers Nodule__—-3b 

Laryngitis (Inflammation)_____17 

Squamous Hvperplasia ... .—-13 

Juvenile Papilloma __ _ _ _ __— --11 

Granulation Tissue-_____ --10 

Inflammation with Hyperplasia -__--____-_ 10 

Hemangioma____:-S 

Hyperkeratosis with Inflammation______ 5 

H\ perkeratosis _ _ - _- ---4 

Inflammation with Metaplasia___— 1 

Diskentosis with Metaplasia___ 3 

Hi perplasia with Metaplasia —___3 


Leukoplakia ________2 

Dvskeratosis__ 2 

Hyperkeratosis with Hvperplasia_ 2 

Fibrosis with Myxomatous Degeneration ___ 2 

Pachvdermia __ 2 

Mjofibioma __ _ _____2 

No Pathological Change ____2 

Inflammation with Mvxomatous Degeneration __ _ 1 

Hvalinization with Mvxomatous Degeneration _ ___ 1 

Hyperkeratosis m ith Myxomatous Degeneration_ 1 

Hyperkeratosis with Cvst_ 1 

Hemorrhage in Muscle Fibers _ __ _ ___ 1 


attnbuted m part to the lack of close contact between the 
laryngologist and the pathologist, m addition to the fact that 
the pathologist’s mteiest was moie geneial than specific as 
fai as abnoimal laryngeal tissues weie concerned 

The same sections piesented m Table II weie le-exammed 
by a pathologist (DS ), w T ho was specially inteiested m the 
subject of abnormal laryngeal tissue and its pioblem of 
nomenclatuie An attempt was made to le-analyze the entile 
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TABLE III—REVISED PATHOLOGICAL DIAGNOSIS 


1 

Laiyngeal Nodules 

.. 

- 134 


Unqualified 

_ 128 



Qualified 




With Hemosiderosis 

2 



With Hypet keratosis 

_ -2 



With Granulomatous Features _ 

1 



With Inflammation 

„ _ „ „1 


2 

Inflammation 


34 


Unqualified 

"lO 



Qualified 




With Granulation Tissue 

13 



With Hypei keratosis 

s 



With Ulceiation 

2 



With Ulceiation and Granulation Tissue 

1 



(No cases of Specific Inflammation such as 

Tuberculosis, 



Blastomjcosis, Syphilis, etc, Included) 



3 

Squamous Papillomas 

_ 

28 


Unqualified 

2G 



Qualified 




Witii Dyskeiatosis 

2 



(Includes Juvenile Papillomas) 



4 

Lai \ ngeal Polj ps 


27 


Unqualified 

IS 



Qualified 




With Hypei keiatosis 

1 



With Dyskeratosis 

1 



Fibious (P-ipillomas) 

5 



FIbious with Hypei keratosis 

2 


4 

Epithelial Changes 

.. 

2) 


Unqualified 




Qualified 




Hj pei keiatosis _ 

19 



Dyskeratosis 

2 



Carcinoma in Situ 

2 



Epidermoid Caiclnoma 

1 



Hjperplasia 

1 


G 

Cjsts 


12 


Unqualified 

*1 



Qualified 




Columnai 

4 



Mucous 

3 



Squamous 

1 


7 

P\ogenic Granuloma 


10 


Unqualified _ 

10 


S 

Miscellaneous 


30 


Aliasing Specimens 

~ 15 

o 



Inadequate Specimens ~ 

Norm il Mucosa - ' 

Hemangioma - ' 

Skin (error) - - , , 

Nodular Lymphoid Inflltiation (f\inpIiosarconia) I 
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gioup of 300 sections Fifteen specimens could not be located 
and were classified as missing m the miscellaneous categoiy 

The intei pi etations of this pathologist, woikmg intimately 
with the laiyngologists, offeied an mteiestmg study of the 
two gioups, as lecoided in Tables II and III These studies 
have lesulted in a simplei leanangement 01 classification of 
abnoimal benign laryngeal lesions, which, we aie hopeful, 
will be of value to oui local laiyngologists and pathologists 
m the futuie, peihaps also, benefit, as fai as piognosis and 
tieatment aie concerned, may be foithcommg as a lesult of 
this airangement 

One may have noticed that in the collection of cases m this 
suivey, no malignant neoplasms noi specific inflammatory 

TABLE rv— COMPARISON COMMONER LESIONS 


Original Revised 

Path- Diag Path. Diag 

Diagnosis Number Number 


1 Polyps _ __SI 27 

2 Papillomata (Adult and JuvenUe)_53 2S 

3 Singers Nodules (Laryngeal)_36 134 

4 Granulomata .. _ ____23 10 

5 Inflammations (Laryngitis)___ _____ _14 34 


processes of the mucous membianes aie included Mam 
caicmomas and a few cases of specific mflammatoiy lesions 
of the coids, such as tubeiculosis and blastomycosis, weie 
encounteied dm mg the yeais of the suivey, but were elimi¬ 
nated, as oui pumaiy intei est was m benign lesions with 
little specificity It was noted that appaiently caicmoma 
of vocal coids was compaiatively easy to diagnose, as when 
this diagnosis was made clinically, pnoi to histological ex¬ 
amination, it was usually collect In turn, when doubt was 
exhibited by the lequest, “Rule out caicmoma,” sent to the 
pathologist with the tissue, caicmoma was geneially not 
piesent 

As will be seen latei, the pathologists had little difficulty 
m deciding upon the diagnosis of caicmoma, foi m the ap- 
pioximately 300 examinations, only one fanly definite enor 
m diagnosis was disclosed One specimen i\as called benign. 
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but on second examination was thought to be unquestionably 
an epideimoid caicmoma 

Some comments will now be made with legai d to the 
vanous categones used m the classification Space does not 
peimit a detailed study of all, only the eommonei gioups 
will be consideied 


Benign Lesions True Vocal Cords 
Sex Incidence 
300 Patients 


MALE 

FEMALE 



(68 3 %) 


LARYNGEAL NODULES (VOCAL NODULE, SINGERS’ NODE, CHORDITIS 
NODOSA, SCREAMERS’ NODE, FIBROUS NODULE, CHORDITIS 
TUBEROSA, TEACHERS' NODE, ETC 

In the initial pathologic diagnosis (Table II), 36 patients 
weie consideied to have smgeis’ oi laiyngeal nodules When 
the same gioup of cases weie le-exammed by the second 
pathologist and laryngologist, the numbei in this categoiy 
was mcieased to 134 patients, as will be noted m Table III 
This is not paiticulaily suipiismg, as theie is much confusion 
m the nomenclature and histological inteipietation of tissue 
fiom the vocal colds which may be classified as laiyngeal 
nodules oi laiyngeal polyps Foi instance, Stewart 1 does not 
mention laryngeal nodules m Ins 104 cases of benign tumois 
of the laiynx, but does have 61 cases of “Inflammatoiy 
Polypus ” Epstein- and his associates diagnosed 283 cases of 
laiyngeal polyps in a gioup of 366 benign tumois, believing 
polyps, nodules, and polypoidal degenerations to be histolog- 
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ically identical non-neoplastic swellings of the membianous 
vocal coids Salmgei, 1 on the othei hand, found that his 
pathologists diagnosed no polyps and only thiee vocal nodules 
m a senes of 232 consecutive laiyngeal biopsies Undoubted¬ 
ly, m oui survey, Epstein and Stewait would have classified 
the majonty of oui nodulai cases as polyps Theie aie many 
valiants of nodules and polyps which may be placed m eithei 
class, depending upon the impiession of the pathologist, and 
winch aie essentially diffeient manifestations of one and the 
same condition Fiom oui study, we must considei the laryn- 


Bemgn Lesions True Vocal Cords 
Age Incidence 
300 Patients 



AGE IN YEARS 

Fig- 2 


geal nodule as the commonest cluonic benign lesion of the 
vocal coids foi which tissue is removed foi diagnostic and 
theiapeutic measuies 

A laiyngeal nodule is a “specialized leaction to tiauma” 
(Ash c ), winch is basically a localized nodulai oi polypoid aiea 
of degeneiation of the lamina piopua These leactions of 
degeneiation include fibiosis, edema, a myxoid appeal ance, 
fibnnous deposits, and even hemonhage, neciosis and calcifi¬ 
cation The oveilying epithelium may be atiophic oi slightly 
hypeitiopluc and hypeikeiatotic Kelly and Ciaik,' Ash and 
Schwaitz, 3 have descubed these vanations m some detail 
We have followed then descriptions to a laige extent m an 
effort to attain histological accuiacy and simplicity The 
edematous, fibious, angiomatous and myxomatous ehaiaetei- 
lstics aie shown m the photomiciogiaphs 




FITZ-HUGH, ET AL LESIONS OF VOCAL CORDS 









FITZ-HUGH, ET AL LESIONS OF VOCAL CORDS 


863 


LARYNGEAL POLYPS 

As in many of the categones pioposed in oui survey, again 
theie weie diffeiences in the mteipietation of the tissue pie- 
sented to the pathologist, as fai as the entity, laiyngeal polyp, 
was concerned In the fust gioup examined (Table II), 57 
cases weie diagnosed as laiyngeal polyps This numbei was 
1 educed (see Table III) to 27 cases when the tissues weie 
le-exannned Some weie tiansfened to the laiyngeal nodule 
category In some classifications, the laryngeal polyp is con- 
sideied a stage in the development of the laryngeal nodule, 
and vice veisa 

We have used this teim foi lesions that aie polypoid, oi 
piojecting masses, composed pnneipally of a cential coie of 
fibious connective tissue of gieatei density than normal 
lamina piopua and co\eied bj a noimal oi only slightly 
hypei plastic oi hypeikeiatotic epithelium The ongin is fiom 
the subepithehal oi Remke’s spaces It seems to conti ast with 
the papilloma, in that the stioma is piedommant in the polyp, 
while the epithelium is piedommant m the papilloma Al¬ 
though the fust stage (Ash) of the laryngeal nodule consists 
of subepithehal fibiosis, the eaily laryngeal nodule is not 
polypoid and, theiefoie, diffeis fiom tins lesion we aie calling 
a polyp Poljps aie pedunculated and may exhibit angiomat¬ 
ous and myxomatous chaiactensties Polypoid degeneiative 
changes aie diffuse and sessile, and aie sometimes descubed 
as laiyngeal nodules 


INFLAMMATIONS 

The nonspecific chionic mflammatoiy gioup, numbei mg 
34 cases, offeied much less confusion and difficulties m the 
pathologic diagnosis than those classes pieviously consideied 
The histologic signs of inflammation aie quite evident, and 
the numbei of cases of laryngitis with the vanous qualifica¬ 
tions are smnlai to Tables II and III 

SQUAMOUS PAPILLOMATA 

The laigei numbei of papillomata weie so designated by 
the pathologist who perfoimed the initial examinations Aftei 



864 


FITZ-HUGH, ET AL LESIONS OF VOCAL CORDS 



ritf l I J \o^tnic #,r uiulomu of the lar>n\. rompontd of a celular ^ninu 
lation tissue with hemosiderin under a slight!} hvperpHaUc and hiper 
heratotic epltlulium (H and 1 (110X) 
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Pig 5 Polp of the larynx y. 1th pedunculated configuration dense 
fibrous stroma and only slightly thickened or h>perkeratotlc overlying 
squamous epithelium This lesion Is not as characteristically paplllar\ In 
outline as Is the papilloma (H. and E 60X) 


furthei considei ation, accoidmg to the scheme previously 
outlined, the numbei m this section was 1 educed, with dif- 
feiences favoimg mainly the nodulai gioup 

The histological diagnosis was made on the basis of a 
papillary lesion, eithei pedunculated 01 sessile, composed of 
thick folds of hypei plastic, acanthotic, squamous epithelium, 
ai ranged ovei delicate, thin coies 01 piocesses of vascular¬ 
ized connective tissue, essentially similai to normal lamina 
propria In view of our piesent knowledge, cases of this 
lesion can be divided, clinically but not histologically, into 
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Fig -1 Pjogenic granuloma of the larjnx composed of a celular granu¬ 
lation tissue with hemosiderin under a sllghti\ h\perplnstic and hyper- 
keratotlc epithelium (H and E (110XJ 
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Ftff 7 Larvngeal nodule probablv In an earl> phase showing edema¬ 
tous stroma small angiectasia and small amounts of fibrinoid strands in 
the stroma. The epithelium is slightl} hyperkeratotic (H and E 110X) 
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Fig: 6 Lar> ngeal nodule with angiectasia mj xoid stroma coarse fi¬ 
brinoid strands in the stroma particularly about the dilated blood vessels 
or lymphatics and hj perkeratotlc epithelium (H and E 110X) 


juvenile and adult foims These aie tumois of epithelial 
01 lgm 


EPITHELIAL CHANGES 

This is a division which, in any table of classification, 
could leceive a wide vanety of cases In the fust gioup 
examined, appioximately 40 specimens weie lepoited as 
showing some type of abnoimal epithelial changes Upon 
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ie-evaluation, the numbei, as will be noted, was 1 educed to 
25 


Hypeiplasia, hypeikeiatosis (hypeikeiatmization) and dys- 
keiatosis aie not uncommon laiyngeal conditions Many of 
the less seveie cases undoubtedly nevei come to biopsy We 
do not believe that one sees the advanced dyskeiatosis 01 
leukoplakia of the vocal coid that one finds m the mtiaoial 
cavity Epithelial changes of the mucosa of the vocal coids 
deseive the most caieful sciutmy, and matenal should be le- 
moved foi histological examination without piociastmation 
Such measuies will eventually disclose an eaily carcinoma 

The two lesions secondanly designated as caicmoma in situ 
weie eithei enoneously diagnosed 01 the caicmoma was le- 
moved as an excisional biopsy, foi piolonged follow-up exam¬ 
inations have levealed no subsequent malignant developments 
In the case of tissue diagnosed as flankly epideimoid caici- 
noma, we have not been so fortunate m our follow-up Al¬ 
though all effoits weie exhausted m attempting to obtain 
fuithei mfoimation about this patient, these weie without 
success 


CYSTS 

The diagnosis of cyst was appaiently not difficult, patholog¬ 
ically Theie was geneial unanimity of opinion m the exam¬ 
inations of the specimens 

PYOGENIC GRANULOMATA 

The gianulomata, appioximately 23 m numbei initially, 
aftei the levisional examination, became a gioup composed 
of only ten cases, the inflammatory category gaming theie- 
fiom 

The appealance of these growths was that of a localized, 
nodular, and commonly polypoid mass of gianulation tissue, 
containing many capillanes, m a stioma of young fibi oblasts 
It is usually heavily infiltiated by histiocytes, and may con¬ 
tain an appieciable numbei of granulai leukocytes The 
oveilying epithelium is customanly intact and hypei plastic, 
sometimes to the point of pseudoepithehomatous hyperplasia 
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It diffeis fiom oidmaiy gianulation tissue, which is fie- 
quently m an aiea of ulceiation, showing supeificial neciosis 
and intense, acute inflammation 

MISCELLANEOUS GROUP 

Of the ongmal 300 sections, 15 weie found to have been 
misplaced oi misfiled, and could not be located foi this study 
The second pathologist consideied the tissue of nine specimens 
inadequate foi diagnosis, and these weie lejected foi fuithei 
consideiation The collected numbei of cases le-exammed 
was 276, and it is giatifymg that “noimal mucosa” was le- 
poited m only thiee instances One tiue hemangioma was 
piesent The section of skin was obviously labeled lm- 
piopeily The case of lymphoid nodulai mfiltiation has been 
followed foi seveial yeais, and theie has been no subsequent 
evidence of lymphoma oi leukemia 

COMMENTS AND SUMMARY 

A consecutive senes of 300 specimens of tissue lemoved 
fiom the vocal coids of the same numbei of patients weie 
examined histologically by two oi moie pathologists The 
sections weie collected ovei an eight-yeai penod, ending May, 
1957 Only benign lesions weie analyzed, and no consideia¬ 
tion was given to the oft-iaised question as to whethei benign 
oveigiowths of subepithelial stiuctuies should be designated 
as “tiue tumois” oi not No cases initially diagnosed as caiei- 
noma weie studied m this suivey 

The fust analysis was earned out by pathologists who weie 
genuinely intei ested, but not specifically, m laiyngeal speci¬ 
mens The second examinei was one who showed particulai 
intei est m this type of tissue Foi vanous leasons, the 
second pathologist had the oppoitunity of lepoiting on only 
285 sections lathei than the 300 available to the initial 
gioup of exammeis 

The sex incidence indicated 68 3 pel cent of the patients as 
males and 31 7 pel cent females, with the highest age in¬ 
cidence being in the 41 to 50-yeai gioup 
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Pig- 11 Larvngeal c\st lined by cuboidal or simple squamous epithelium 
(H. and E 11 OX) 


upon the opinion of diffeient pathologists Some have con- 
sideied a laiyngeal polyp as a stage m the development of a 
nodule, and vice veisa, not two clinical entities The leason 
foi this is appaient, as theie aie many vanations m the 
histological appeal ances of these lesions, partieulaily m laryn- 
geal nodules when degeneiative changes have occuned That 
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Fig- 10 Lajjngeal c>st lined bj columnar epithelium The overling- 
squamous epithelium is slight!} h>perkeratotic (H and E 110X) 


Fiom oui own mateual and that available m the hteiatuie, 
theie is obviously much confusion in the nomenclatuie and 
histological mteipietation of benign specimens fiom the 
vocal coxds This is especially tiue of lesions ausing fiom 
the subepithelial connective tissue layeis (Remke’s space), 
which have been designated as nodules 01 polyps, depending 
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we can always histologically diffeientiate exactly between the 
two is ceitamly not cleai It would seem possible that the 
laiyngologists and pathologists inteiested in this subject 
could establish a eeitam ciiteiion foi distinguishing between 
the two, which could be used to dispel the confusion that 
exists m the identification of these benign vocal membianous 
changes 

No definitive classification is attempted, because clinically 
it is difficult to do this, as theie is so little diffeience m the 
appealance and conduct of many of the lesions Again, fiom 
oui suivey, we must conclude that this same difficulty is ex¬ 
pel lenced by the pathologist In lieu of a classification, we 
have placed the lesults of oui examinations in eeitam gioups 
which will be helpful to us m claufying the subject m the 
futuie 

Ceitamly, one admonition is lecommended, namely, “laiyn- 
gologist, know youi pathologist” It is obviously desnable 
that the laiyngologist, m turn, supply the pathologist with 
moie detailed mfoimation about the gioss appeal ance and 
chaiactenstics of the tissue to be examined 

The accompanying photomiciogiaphs lllustiate some of 
the examples of the specimens descubed, and Table IV shows 
a companson between the commonei lesions seen by the fust 
pathologist with the levision in the diagnosis by the second 

Finally, in summanzmg, it appeals that the vocal cold 
lesions which seem to be the most confusing to all aie the 
laiyngeal nodule, polyp, and possibly the papilloma Funda¬ 
mentally, we considei the nodule as being an oveigiowth of 
tissue containing an abnoimal tunica piopia, due to vanous 
degeneiative changes, with an essentially noimal suiface 
epithelium The polyp is an oveigiowth of tissue with an 
mciease m quantity of a noimal, 01 neai noimal, appealing 
tunica piopia with no degeneiative changes and an essentially 
noimal epithelium These two lesions aie of subepithelial 
ongin The papilloma is a tumoi containing a noimal tunica 
piopia, but an abnoimally bioad hypeiplastic epithelial sui¬ 
face which may show othei mmoi metaplastic changes 
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Fig 1 Uedullnra squamous cell carcinoma of Grade IV malignanct 
with extenslae anaplasia and nuclear degeneration There were marked 
polhllocj tosls and anlsocj tosls with hadropic degeneration of protoplasm 
The characteristic feature abo\e all others was a aery actiae ljmphoid 
reaction (Reproduced bj permission of A.rch of Otolarjngoiogy ) 







CANCER OF THE LARYNX 
Report of an Advanced Case Surviving 22 Years 

Arthur E Hammond, M D, 

Detroit, Mich 

In a pievious article* the authoi xepoited on a senes of 
15 cases of caicmoma of the larynx which weie analyzed 
fiom the point of view of age and sex incidence, etiology, 
classification, symptom complex, histologic grading and espe¬ 
cially the vanous forms of surgical pioceduies It was stated 
at that time that ladiation theiapy—besides being the method 
of choice m extnnsic caicmoma of the laiynx—may prove of 
definite value m some advanced intunsic caicmomas of the 
laiynx having a high index of malignancy with glandulai 
metastases 

The present buef communication is a report of Case II of 
that senes, which m 1935 was referred for ladiation theiapy 
because of the advanced clinical stage of the lesion, and par¬ 
ticularly since the histopathologic examination indicated a 
Giade IV index of malignancy The patient has now sur¬ 
vived, enjoying good health, foi a penod of 22 years 


REPORT OF A CASE 

The patient an adult white male foityse\en yeais old, was seen at 
the office on September 20, 1935 complaining of difficult breathing The 
history was that of progressive hoarseness ovei a period of five months 
with recent painful swallowing, difficult breathing and a weight loss 
of 12 pounds 

Indirect laiyngoscopic examination levealed a large fungating tumor 
mass appaiently arising from the right vocal cor d which was fixed 
Thete was one laige soft, freely movable lymph node in the right 
supiaglottic area and two smaller soft and freelj movable lymph nodes 
In the left supraglottic area 

The patient was admitted to Harper Hospital and direct laryngoscopy 
was performed on September 21 1935 under local anesthesia The 

epiglottis was edematous A large bleeding Cungating mass covered the 
right vocal cord with some involvement of the left vocal cord The 
right vocal cord was fixed Biopsy was taken from both vocal cords 

•ArchUes of Otolary ngology January 1042 Vol 35 pp 1-29 

Editors Vote This manuscript received in The Laryngoscope Office and 
accepted for publication Jan 8 1988 
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On September 22 1935 a low traeheotoim was performed under local 
anesthesia and because of the extensile nature of the lesion the patient 
was referred for radiation therapj 

Between Sptember 24 1935 and March 10 1936 three series of super 
voltage Roentgen therap\ were given with 500 hv (constant) 7 mm. Cu 
filter corresponding to a half value laver of 9 mm. Cu. The fractionated 



Fig 3 Laminagram in the coronal plane shows the tracheotomy tube 
In place There Is a marked distortion of the glottic folds on the two sides 
particularly on the left, but with the patient phonating the letter e 
a fairly good apposition of the \ocal cords was obtained and the Morgagni 
space appeared fairl\ normal in contour 


protracted technique was used the total cumulated dose on the pathologic 
areas being 7 000 r 

November 17 1935 Tracheotome tube was remold and the opening 
closed spontaneouslv 

There was a satisfactory response to the radiation therapy and sub¬ 
sequent periodic follow up examinations gave the following findings 

September 5 1940 The patient has gained five pounds in weight. He 
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Fie: 5 Posteroanterlor roentgenogram of the chest reveals slight gen¬ 
eralized pulmonary edema vv ith some prominence of the bronchovascular 
markings 


was In good general condition There were no palpable lymph nodes 
of the neck and no hoarseness Indirect lary ngoscoplc examination 
showed a normally functioning larvnx There was no evidence of any 
caicinoma and the vocal cords were freely movable 

October 30 1941 The patient has gained an additional three pounds 
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Fig 4 Lateral roentgenogram of the neck with soft tissue exposure 
and barium swallow shows no abnormality of the esophagus 


A TECHNIQUE OF TYMPANOPLASTY 
(TYMPANOMALLEOLAR STAPEDIOPEXY) * 

Houston L Bell, M D, 

Roanoke, Va 


In a leeent article, “Technique of Tympanoplasty”, pub¬ 
lished in the Archives of Otolaryngology, the authoi leported 
on two cases of tym panoma lleolai stapedi opexy It was noted 
that wheie possible, if the head of the malleus was pieserved 
and lotated m such a mannei that it weie allowed to come m 
contact with the capitulum of the stapes, it not only seived 
as a sound conducting stiuctuie, but also pioduced a tenting 
effect on the dium 01 new giaft, thus preserving a gieatei 
vibiatory capacity of the dium 

Since the vibiatory capacity of the tympanic membiane, 01 
new giaft, plays the majoi lole m the tiansformation of sound 
piessuie fiom dium to oval window, 1 - 1 ' it is mandatory to 
maintain as much vibiatory aiea as possible m the tympano¬ 
plasty pioceduie Much woik has been lecoided m the Euro¬ 
pean liteiatuie showing attempts to impiove vibiatmg surface 
of new grafts In a few cases Wullstem attempted to line 
the hypotympanum and tubotympanum with oculai con¬ 
junctiva 01 ammotic membiane This would seem to make 
foi a moie complicated pioceduie m an alieady complex 
opeiation House has descubed the use of vinyl piostheses 
placed m the hypotympanum and extending thiough the 
Eustachian tube 


In my own senes of 100 cases of tympanoplasty, surveyed 
as of July, 1956, all Type III tympanoplasties oi tympano 
stapediopexies weie earned out m the conventional manner, 
namely 

1 Tympano atticotomy and lemoval of diseased tissue fiom 
the antium and removal of suigical bridge 


_ *** meeting of the Southern Section American Larj ngological 

Rhinological and Otologlcal Society Inc Memphis Tenn Jan 25 1958 


Editors Note This manuscript recei\ed In The Laryngoscope Office and 
accepted for publication Jan 27 195S 
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HAMMOND CANCER OP THE LARYNX 


weighing 144 pounds, and he continued to feel 'well There was no 
evidence of ceivical ljmph adenopathy Laryngoscopic examination was 
negative foi any pathology 

July 11 1945 Weight 144 pounds Lai yngoscopic examination nega 
tive Neck noimal 

February 21 1948 Weight 148 pounds General condition excellent 
Laivnx and neck noimal 

October 26, 1956 Patient reported to the office with a history of 
recent spells of difficult breathing There were no other complaints 
Indirect laryngoscopic examination revealed abductor paralysis of both 
vocal cords 

On October 27, 1956, he was re-admitted to Harper Hospital for a 
tracheotomy Examination at this time levealed a well developed and 
well pieserved elderly white male who had obvious larjngeal stridor 
and hoarseness His distress was not acute and the stridor was more 
marked with expiiation The genetal physical examination was nega 
tive, and the laboratory data w r eie all within normal limits Theie was 
no evident induiation of the structuies of the neck and no enlaigement 
of the cervical lymph nodes 

Or Octobei 2S, 1956, direct laryngoscopy and tracheotomy weie per 
foimed The larynx was negative foi anj swelling, ulceration or tumoi 
masses Theie was bilateral abductoi paialysis of the vocal cords of 
indeteiminate cause 

The patient was discharged to his home on November 5 1956 

On February 1, 1957 patient was le-examined There was a noimal 
appearance of the neck externally except that a tiacheotomy tube was 
i/» situ (see Fig 2) Lamlnagraphic examination of the neck was made 
in the coronal plane (see Fig 3), which levealed the following findings 
A. tracheotomy tube was in place but did not interfere with visualization 
of the glottic area Theie was a maiked distoition of the glottic folds 
on the two sides, paiticulaily on the left, but with the patient phonating 
the letter 'e a faiily good apposition of the vocal cords was obtained 
and the Morgagni space appealed faiily noimal in contour Lateral 
roentgenograms of the neck with soft tissue exposuie likewise showed 
the tracheotomv tube in place but no othei findings Barium swallow 
demonstrated no definite esophageal abnoimality (see Fig 4) Posteio- 
anterioi roentgenogiams of the chest disclosed slight generalized pul 
monarv emphysema with consequent piominence of bronchovascular 
markings throughout the lung fields There was an old pleural reaction 
in the left costophrenic sulcus region but no active lung disease No 
paienchjmal oi pleural metastases weie seen The ribs, insofar as 
visualized appeared intact (see Fig 5) 

SUMMARY 

A case of advanced medullaiy squamous cel] caicmoma of 
both vocal coids, taken fiom a senes of 15 cases published 
foimeily, is leported bxiefly The patient was tieated with 
supei voltage Roentgen thexapy and has now survived foi a 
peiiod of 22 yeais 

Haipei Hospital 
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has its own natuial simple stratified squamous mnei lining, 
and good results aie obtained in the majority of cases, again 
wheie there is only a marginal nm of drum membrane piesent 
and it must be preserved foi attachment of the new graft to 
the denuded dium lemnant It not only serves as support 
foi the new dium but also provides excellent blood supply for 
its preservation Wheie the ear is dry and the mucosal lining 
of the tympanic cavity is thin and atrophic, good results will 
be obtained with tympano stapediopexy but in a smallei 
percentage of cases, because in an effort to contact the graft 
to the stapes adhesions and a loweied vibiatory area results 
If the mucosal lining of the cavum tympanum is hypei plastic 
and cystic it must be stripped away, along with carious de¬ 
posits in the hypotympanum and tubotympanum, and the 
problem of maintaining a mucosal-lmed cavity with a vibiat- 
mg new drum contacting the stapes becomes increasingly 
difficult If one ens m pieseivmg the mucosa, he will many 
times end up with a persistently dischaigmg eai, a slight or 
no healing gam and a dissatisfied patient 

In the leview of post operative lesults, it was noted that 
the laigei the drum defect replaced with fiee giaft contacting 
the stapes, even though all othei ideal conditions in the tym¬ 
panic cavity prevailed foi optimum 1 esults, the less consistent 
weie good healing lesults Many times, the thiee-week 
audiogram would show a good heaimg gam, well above the 
30 db level, only to be followed by a giadual recession of the 
pure tone cuive at 01 below the level of adequacy (30 db 
level) This loss is unquestionably due to fibiosis of the law 
inner surface of the new graft to the medial wall of the tym¬ 
panum, resulting m l eduction of vibratory capacity, thus 
loweimg the sound conduction ratio It becomes essential 
then to preserve as much vibratory aiea as possible, and to do 
this one should attempt to elevate the flap fiom the tympanic 
wall rather than meiely to adheie it to the bony piommence 
of the cochleai promontoiy Realizing that the piomontory is 
necessary many times as a souice of blood supply foi the new 
graft, elevation of the giaft is still not only a prerequisite 
but also a definite advantage as fai as sound conduction ratio 
is concerned 
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2 Gioss and micioscopic examination of the ossiculai chain 
foi cholesteatoma or disiuption of ossiculai chain If the 
otologist is assuied of absence of mtia-tympanic pathology, 
such as is many times the case m so-called pumaiy cholestea¬ 
toma of pais flaccida, and if the stapes is mobile along with 
intact ossiculai chain, the pedicle giaft is used, the edges of 
the perfoiation aie appioximated and the patient is assuied 
of leasonably good healing at least above the 30 db level 
Some obseiveis have stated that many times the healing will 
lecede m these cases due to 

a eventual dislocation of the incus fiom the head of the 
stapes 

b adhesions fiom the pedicle hampeung the movement of 
the ossiculai chain 

I believe that dislocation of the incus is an opeiative hazaid, 
and secondly, adhesions may be avoided if one pieseives a 
high dome on the facial ndge, and if one pieseives the antenoi 
and postenoi spines 

3 If theie is bony ankylosis, oi a dehiscence m the nanow 
poition of the long piocess of the incus constituting a bieak 
m the ossiculai chain, one then elects to do a tympano stapedi- 
opexy The antenoi and postenoi spines aie lemoved, and 
the facial ndge is loweied as far as possible, almost to the 
facial neive itself The tympanic membiane is mobilized 
postenoily, eschaned on its mnei suiface and tucked into the 
niche of the oval window conta cting the hea d of the stapes 
Many times the capitulum piojects to the level of the loweied„ 
facial ndge, and contact is no pioblem 

Good lesults aie obtained with tympano stapediopexy m 
those eais with peifoiation of the pais flaccida and pnmary 
cholesteatoma, because as a lule the mucosal lining of the 
cavum tympanum is intact and the hypotympanum and tubo- 
tympanum aie not involved Likewise, good lesults aie 
obtained wheie theie aie small maigmal peifoiations of the 
pais tensa, piovidmg one can pieseive the mucosal lining of 
the tympanic cavity and the lound window is demonstiated to 
be patent In both of these cases the tympanic membiane 
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chain, assuming mobile stapes and noimal lound window 
membiane with patent niches aie piesent 

2 Tympano malleolai stapediopexy, 01 stapes to malleus to 
dium pioceduies, aie employed wheie laige maigmal dium 
defects (30 pei cent oi moie) aie piesent, and stuppmg of 
cystic hypei plastic mucosa fiom the tympanum, hypotym- 
panum, and tubotympanum is necessaiy 

8 It is felt that pieseivation of the malleus lotated and 
applied to the head of the stapes pioduces a tenting effect and 
bettei vibiatory capacity of a new dium moie fiee of ad¬ 
hesions to the medial tympanic wall sunoundmg the stapes 

U The obseivation is made of good healing impiovement 
to the satisfactory level m a secondary fenestiation of a ladi- 
cal cavity m which theie was no gioss evidence of a mucosa- 
lmed cavity fiom the tubotympanum to the patent lound 
•window, thus indicating that possibly in some cases only an 
an bubble ovei a functioning lound window membiane is 
necessaiy foi adequate mtia-labyiinthme phase interval 

5 It is, theiefoie, theoiized that m those patients with 
atiophic oi absent mucosal lining m the vicinity of the lound 
window area, if theie is satisfactory tenting of a new giaft, 
pioduced by the head of the malleus, assuming a functioning 
lound window membiane exists, it is possible to achieve a 
satisfactory healing gam, even though theie is no gioss 
evidence of mucosally lined cavity demonstiated by mobility 
of the new drum. 


AMERICAN BOARD OF OTOLARYNGOLOGY 

The Amencan Boaid of Otolaryngology will conduct only 
one exa min ation in 1958, and this will be Octobei 6-9, 1958, 
m Chicago, Illinois, at the Palmer House 

For fuithei mfoimation addiess Dr Dean M Lieile, 
Secy-Treas, University Hospital, Iowa City, Iowa 
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In the last 70 tympanoplasties, opeiated on since July, 1956, 
I, theiefoie, have concentiated on pieserving the head of the 
malleus wheie possible, ^n all cases m which extensive mtia- 
tympamc suigeiy was pel formed, and laige fiee giaft was 
employed, lotatmg it ovei the head of the moveable stapes 
and attaching the fiee graft to the denuded dium lemnant, 
the head of the malleus and the facial ndge postenoily This 
creates a tenting support .of the new dium and piovides a 
gieatei vibiatmg suiface at the oval window, as well as a 
shielding of the lound window Applying this pi maple to 
those cases in which it was necessary to employ ladical le- 
moval of diseased hyperplastic mucosa m theentne tympanic 
cavity and obtaining a few good heai mg impi ovements, I 
then employed the pioceduie m a few patients with pais 
flaccida lesions with umfoimly good lesults At the piesent 
time, wheie possible, the head of the malleus is Reserved in 
all cases with laige maigmal defects and extensive disease of 
the tympanic cavity and where the stapes is deeply set, and 
hearing is m my opinion bettei than in stapes to dium pio- 
ceduies, due most likely to mci eased vibiatory capacity 

It was noted that m one patient m whom a secondary fenes- 
tiation pioceduie was performed on a diy ladical mastoid 
cavity m which theie was no gioss evidence of mucosa-lmed 
cavum tympanum, the patient received an excellent healing 
gam to the piactical level Tins indicated that a mucosa-lmed 
cavity extending fiom the round window to the Eustachian 
tube may not be necessaiy m all cases, but meiely an an 
bubble ovei the lound window would suffice foi pieservation 
of mtia-labyrmthme phase lelationship, providing the lound 
window weie patent and the stapes mobile This would be 
especially tiue piovidmg the mucosa were atiophic oi absent 

CONCLUSIONS 

1 Tympano stapediopexy, oi stapes to drum pioceduies, 
aie employed wheie the membianous lining of the cavum 
tympanum is intact and the simple squamous lining of the 
tympanic membiane is normal, such as m a perfoiation of 
pais flaccida, cholesteatoma and ankylosed oi bioken ossiculai 
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the leconstiuctive opeiation m one stage Multiple opeiations 
tend to cieate moie fibiosis and adhesion foimation 

Five types of tympanoplasty (Wullstem 2 ) have been ad¬ 
vised to accommodate these vanous pathological changes 

Type I Plastic closuie of an eaidium perfoiation 

Type II Pieservation of the ossiculai chain with laige 
giafts coveimg the perfmated dium and the budge and/oi 
ossicles 

Type III Removal of the malleus, incus, and budge, and 
the placing of a giaft onto the dium lemnants and head of 
the stapes 

Type IV Removal of lemnant of ossicles and budge m 
cases without a stapes with a giaft applied to the piomontory 
01 into the oval window and sealing off the hypotympanum, 
lound window and Eustachian tube fiom the external eai 

Type V Same as Type IV, with the addition of fenestiation 
into the horizontal semicnculai canal 

A companson has been obtained between 76 tympanoplas¬ 
ties performed m the first ten months of 1957, with 75 con¬ 
servative oi modified ladical mastoidectomies performed m 
pievious years, as to lesults achieved Agamst these two 
gtoups we have also tabulated a gioup of 50 ladical mastoidec¬ 
tomies 

In demonstiatmg the lesults obtained in the tympanoplas¬ 
ties, one must considei, fust of all, that these aie the eaihest 
cases attempted m this type of suigery, and second, these 
cases aie so lecent that final healing lesults may be some¬ 
what bettei than we demonstiate at piesent, furtheimoie, 
these cases aie not selected, but lathei lepiesent consecutive 
cases that piesented themselves and weie opeiated upon, using 
vanous ones of the five types of tympanoplastic pioceduies 
descnbed by Wullstem 2 

The method of charting the compai isons is as follows The 
healing befoie suigery was aveiaged foi the frequencies of 
500, 1000, and 2000, and plotted on a vertical line Gams m 



RESULTS IN TYMPANOPLASTY 

A Comparative Study of 76 Tympanoplasties, Contrasted with 
Modified Radical, and Radical Mastoidectomies *f 

Bruce Proctor, M D, 

Detioit, Mich 


Tympanoplasty may be defined as the combination of sur¬ 
gery foi eradication of chiomc eai inflammation and suigical 
i econstruction of the sound conducting - and sound protecting 
mechanism Fiencknei 1 reported lecently “Tympanoplasty 
is now embraced with greater inteiest in a numbei of 
diffeient clinics m Euiope In my opinion, this would seem 
to have become one of the bioadest and most important 
fields of opeiation within otology duung the lecent decades 
In the United States, on the othei hand, this opeiation is 
viewed with considerably more skepticism, and has not yet 
aroused the pioper interest” My comment heie would be, 
that many Amencan otologists aie now woikmg in this field, 
and it is hoped that befoie long we will contribute to the 
progiess of this concept, pioneered by European otologists 

Fiom what we have learned m tympanoplasty, it is apparent 
that early operation of chiomc eai inflammation is advisable, 
both fiom a functional and also fiom the miciosurgical and 
anatomical point of view When it is obvious that an inflam¬ 
matory disease m the middle ear is irreversible by conserva¬ 
tive measuies, and will progiess with functional deterioration, 
it is imperative that suigery be performed, even though an 
ideal result can not be piomised The eailiei that this is done, 
the less destructive will be the pathological changes in the 
epitympanum, ossiculai chain, diumhead, Eustachian tube, 
hypotympanum, annulai ligament, and lound window niche 
and membrane Every attempt should be made to perfoim 

•Read at the meeting of the Middle Section American Laryngologlcnl, 
Rhinologlcal and Otologlcal Society Chicago, Ill Jan 13 1358 
tDepartment of Otolaryngology Wayne State University 
Editors Note This manuscript received in The Laryngoscope Office and 
accepted for publication March 10 1968 
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taneously with a false diuni adheient to the piomontory and 
protecting the lound window Tow aid the end of this senes 
weie lecoided a gioup with piofound losses in healing, due 
to seious labynnthitis complicating fistulas in the horizontal 
canal These cases submitted to ladical mastoidectomy be¬ 
cause of labyrinthine complications 

A gioup of 75 consecutive conservative 01 modified ladical 
mastoidectomies weie then leviewed, (see Figs 3, 4, 5, 9) 


db 


30 


f 


60 


90 


Fig 2 Radical Mastoidectomy 



Many of these cases weie undoubtedly candidates foi ladical 
exenteration, but because actne pathology appealed to be 
confined to the attic and/oi anti um, the middle eai was often 
not distuibed, hoping that some heanng would be lestoied 
In almost eveiy case the budge was iemo\ed In all cases the 
ossicles oi lemnants of ossicles weie not lemoved The dium 
was not elevated oi distuibed m any way When feasible a 
portion of the membranous postenor canal wall was left at¬ 
tached to the drum and swung on a pedicle to co\ei the os¬ 
sicles Failuie to gam healing if coupled with suppuiation, 
was followed by ladical levision In 17 of the 75 cases, heai- 
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heaiing aie indicated on the veitical lines by the shaded bais, 
and losses by open bais No change is indicated by a shoit 
honzontal line Bone conduction losses aie indicated by the 
dotted lines dropped fiom the top of the charts A bai con¬ 
necting two veitical columns below the base indicates the two 
eais in one patient If the conductive loss is gieatei than 30 
db foi the mam aiea of speech, the lesult is legalded as un- 
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satisfactoiy, even though the opeiation p ioduced a definite 
mciease m the healing 

Befoie considering the conseivative ladical mastoidectomy 
gioup, we shall leview the lesults obtained m the ladical 
mastoidectomies with respect to hearing gam 01 loss This 
will give us some sort of base line to judge the effectiveness 
of the conseivative ladical eai suigery gioup In the gioup 
of 50 ladical mastoidectomies tabulated (see Figs 1, 2), a 
total of 17 showed some gam m healing, but only six improved 
ovei the 30 db level A total of 27 sustained furthei loss in 
healing, and six weie unchanged Two cases with a maiked 
gam in healing, suipassing the 30 db level, had healed spon- 
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is attiibuted to a perfoiation in the giaft and to the foimation 
of adhesions in the tympanum 

Pieseivation of the ossieulai chain with laige giafts cov- 
ei lilg the perfoi ated dium and the budge and/oi ossicles— 
Type II tympanoplasty (see Figs 6, 9) was performed m 23 
cases In five cases gains to above the 30 db line weie ob¬ 
tained In seven cases furthei healing gams above this line 
weie lecoided In foui cases some healing loss occuned, but 


db 



90 u uu 

Fig 4 Modified Radical Mastoidectom> 


lemamed at oi above the 30 db line In seven the 30 db line 
was not leached Sev enty nei cent of these c ases had hearing 
above 30 db , and of these 35 pei cent had healing above a 15 
db level VVuilstein 2 consideis the 15 db line a satisfactory 
level in Types II and III tympanoplasty These lesults com- 
paie favoiably with those leported in this same mannei by 
Wullstem 1 The lesults aie suipnsmgly similar to those ob¬ 
tained with the modified ladical mastoidectomy m 75 cases 
(see Fig 9) Jongkees 3 leopeiated nine Type II tympanoplas¬ 
ties and attiibuted failuies oiigmally to the following Leav¬ 
ing ossicles v ith small defects, hoping that they would heal, 
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mg was bi ought up to oi sui passed the 30 db level In 32 
cases, pieopeiative healing losses of less than 30 db was 
maintained above that level Thus a total of 49 cases (65 
pel cent) benefited audiologically by conservative ladical 
mastoidectomy as conti asted with only 12 pei cent m the 
ladical gioup Only five cases with pieopeiative heaung 
loss of less than 30 db diopped below this level 



In the fust ten months of 1957 a total of 76 tympanoplasties 
weie peifoimed and their lesults compiled, even though many 
of them have not entnely healed It must be lemembeied 
that a survey of this type does not give an accuiate pictuie 
of the benefits of this suigeiy Foi example, a cholesteatoma 
uniting disiupted ossicles may be lesponsible foi lelatively 
good heaung which diops consideiably with the sole lemoval 
of the cholesteatoma Zollnez 3 states that the staitmg point 
of lehabilitation should be leckoned at the lowei level 

Plastic closuie of an eaidium perfoiation—Type I tympano¬ 
plasty (see Fig 6) was attempted m only foui cases, with 
satisfactoiy lesults m thiee The failuie m the fouith case 
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The lelatively pool lesults in Type III, as contiasted to 
Type II, can be explained by the moie extensive destiuction 
of middle eai stiuctuies, and particulaily the mucosal lining 
Destiuction of mucosa by the mflammatoiy disease piocess, 
combined with a moie complete lemoval of the budge, pie- 
disposes to moie extensive postopeiative adliesion foimation, 
paiticulaily about the stapes, also, often veiy little, if any, 
is left of the eai drum, and the manubnum of the malleus is 


TYPE ! TYPE 11 



lemoved, so that the newly cieated eaidium is audiologically 
less effective than the normal di urnhead Among nine failuies 
lepoited by Jongkees 5 m Type III, the following factois weie 
found lesponsible The aich of tlie stapes had been bioken, 
lesidual inflammation had continued to destroy the ongmally 
intact stapes, too stiff 01 calcified stapedius tendon which 
pi evented vibiation of the stapes, non-adhei ence of the dium 
01 graft to the head of the stapes, and adliesion of the dium 
to the piomontory, due to too thick a giaft, 01 insufficient 
post-opeiative inflation of the Eustachian tube 

When the stapes is destroyed the lattei cannot be used 
foi its columellai (sound tiansmission) effect One might 
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oveilooking a disiupted ossicle, attempting to bung mutilated 
ossicles into contact with one anothei, insufficient lemoval 
of disease fi om middle eai oi attic, covei mg active pathology 
with a skm giaft, and gianulation 01 cholesteatoma had 
lefoimed, and madveitently ovei looking a dislocation of the 
incus At leopeiation the middle eai was cleaned, the incus 
and head of the malleus lemoved and the dium placed on the 
head of the stapes 


db 



Removal of the malleus and incus and the placing of a graft 
onto the dium lemnants and head of the stapes—Type III 
tympanoplasty (see Figs 7, 9) was peifoimed m 26 cases 
Heaung was improved m 20 cases, decieased m foui cases, 
and remained unchanged m two cases In 12 cases the 30 db 
line was leached, and m five of these the 15 db line was 
leached In thiee cases heaung was maintained above the 
30 db level, and one lemamed above 15 db The results le- 
poited by Wullstem* aie bettei, m that 17 pei cent of his 
patients leached the 15-30 db level This gap could piobably 
be nauowed m time by improvement un skill and-judgment 
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panoplasty This has been attributed to the lelatively thick, 
relaxed graft which seals off the small tympanum, offering 
excessive sound protection to the lound wmdow while the 
stapes footplate lemains fiee Failures rn 11 cases of Type 
IV tympanoplasty weie levised by Jongkees 5 and weie at¬ 
tributed to Closuie of the oval window by tough connective 
tissue, the skm giaft had not healed onto the oval window 
membrane 01 stapes footplate, a mass of tissue had foimed 


TYPE IV TYPE V 


db 
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Fig S T> mpanoplasty Tj pes IV and V 


m between the flap and the membiane of the oval window, 
01 that the flap was too firmly fixed to the piomontory 

When the stapes footplate is fixed by new bone formation 
01 dense adhesions so that it cannot - be mobilized, one must 
opnsidei then a. fenestiation into the honzontal semicnculai 
canal with a graft again placed tojseahoff the lound window, 
hypotympanum and Eustachian tube fiom the external eai— 
Type V tympanoplasty (see Fig 8) Six cases wei e at¬ 
tempted m this fashion The fust five were old radical 
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be able to use the tiansposition of a portion of the malleus 
or the incus to obtain a substitution columellai effect, (Mio- 
donski, 6 Hall and Rytznei 7 ), but often that is not possible, so 
that the choice is to create sound piotection foi the lound 
window with a giaft applied to the promontory, and if neces- 
saiy into the oval window niche with sealing off of the hypo- 
tympanum 


TYPE ill 
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Pig 7 Tvmpanoplast\ T\pe ill 

If the stapes footplate is mobile oi can be mobilized, it is 
left open to the ladical cavity—Type IV tympanoplasty (see 
Figs 8, 9) Kley 8 states that post-opeiative healing with the 
stapes footplate alone, oi with only a membianous occlusion 
of the fenestia ovalis is not woise than with a pieserved stapes 
oi foimation of an artificial columella Seventeen cases weie 
perfoimed m this manner Seven leached the 30 db level of 
healing, anothei foui obtained a less satisfactoiy gain m 
heaung, one diopped below the 30 db line, and four obtained 
no benefit 

Wulstein 4 and also Richtnei 0 have lepoited a large numbei 
of theoietically excessively good lesults aftei Type IV tym- 
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of otology Type I tympanoplasty has its place m closuie of 
benign and dry perfoiations of the dium Type II is not much 
diffeient fiom the old concepts of conservative ladical mastoid 
suigery, but with the lefmements of miciosuigery, combined 
with expeilence and good judgment, we can eliminate some of 
the failuies encounteied with the conservative opeiation Type 
III is a new concept of collective suigery with lestoiation 
of function in a laige peieentage of cases which previously 
had been subjected to ladical mastoidectomy The suigery m 
Type IV is a distinct and maiked impiovement m the treat¬ 
ment of advanced middle eai disease and holds much piomise 
foi the futuie The old alternative was the ladical mastoidec¬ 
tomy, and it has been demonstrated that hearing lesults with 
that proceduie aie maikedly pool Type V in piopeily select¬ 
ed cases, and they aie mfiequent, should often lesult in 
giatifymg improvements due to the achievement of sound 
protection for the lound window and the cieation of a new 
window open to the external eai 
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mastoidectomy cavities with maiked healing loss m the op¬ 
posite eai The lesults obtained weie all unsatisfactoiy be¬ 
cause of one 01 moie of the following factois Mucosal giafts 
weie placed acioss the hypotympanum to the Eustachian tube 
and may not have been effective, excessive fibiosis was 
piesent m both windows and piobably leformed m the lound 
window, thiee of the giafts perfoiated piesumably because of 
pool vasculanty, and in two the membianous labynnth ap- 



ABOVE 
15 db 

15-30 db 

BELOW 
30 db 

TYPE 11 23 cases 

35% 

35 % 

30 % 

WULLSTE1N 

30 

40 

30 

TYPE III 26 cases 

19 

39 

42 

WULLSTEIN 

15 

60 

25 

TYPE IV 17 cases 

6 

36 

58 

WULLSTEIN 

19 

50 

31 

MODIFIED RADICAL 

37 28 35 

75 cases 

Fig- 9 Summary of results obtained In Types II III and IV tympano¬ 
plasty and comparison or results reported by Wullstein In 350 cases also 
results obtained In 75 modified radical mastoidectomies 

peaied pathological, although pieopeiative bone conduction 
tests indicated good neive function Miodonski 0 leports three 


cases of Type V tympanoplasty with a maikedly 1 educed 
lumen m the semicnculai canal and ampulla (phthisis laby- 
unthi, Zange) Pieopeiative vestibulai leactions weie weak 
m his cases In the last case chaited, one which had not been 
operated befoie, a satisfactory lesult was obtained 

The suigery of tympanoplasty offeis much to the futuie 
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a suigical method foi achieving this lesult, which they called 
“tympanoplasty” Since the lecent publication of articles by 
these physicians m English and Amencan journals, mteiest 
m tympanoplasty has been gieat m tins country Plastic 
pioceduies on the middle eai foi closuie of perf 01 ations and 
impiovement of heaung have been developed duiing this 
same penod, pimcipally by Amencan otologists, including 
Jueis, 5 House, 0 and Wnght, Guilfoid and Diaper 7 These 
techniques aie most intei estmg, but aie not withm the scope 
of this papei 

Although my expenence with tympanoplasty is still Imnted, 
it was thought that some mfoimation might be gamed fiom 
a buef leview of my cases Between Maich 21, 1957, and 
Novembei 1, 1957, 16 tympanoplasties weie done by me at 
Ochsnei Foundation Hospital on patients langmg m age 
fiom four to 45 yeais In the ensuing paiagiaphs selection 
of cases, technique, and lesults of tympanoplasty will be dis¬ 
cussed in the light of this expenence 

SELECTION OP PATIENTS 

Tympanoplasty can be peiformed on any patient with 
cluonic otitis media and mastoiditis, piovided cochleai func¬ 
tion is adequate to wan ant this moie time-consummg and 
meticulous pioceduie I piefei myringoplasty m patients 
with tiaumatic oi long healed and dry cential perfoi ations 
that have pioved lesistant to moie conservative attempts at 
closuie 

Pieopeiative puie tone an and bone audiometry, and speech 
audiometry, aie essential Use of the acoustic piobe, as ad¬ 
vocated by Zollnei 12 seems unnecessary to me, because the 
ossiculai chain and window function will be inspected at 
opeiation Its value is even questionable because of sound 
conduction by the diseased pioducts piesent 

Pieopeiative determination of the piedommate pathogenic 
organism and appiopnate antibiotic, followed by a penod of 
local and systemic tieatment, is desirable but not essential 
Disease of the paianasal sinuses and nasopharynx should be 



EARLY EXPERIENCE WITH TYMPANOPLASTY 
(WULLSTEIN TECHNIQUE) *f 

Miles L Lewis, M D , 

New Oileans, La 


Until lecently it has been eustomaiy to classify clnonic 
otitis media and mastoiditis m two geneial categones sur¬ 
gical and non-surgical The basis of this division depended 
upon the likelihood of extension of the pathologic piocess to 
the biam, labynnth 01 facial neive, m the opinion of the 
classifies and upon the piesence 01 absence of cholesteatoma 
This classification was a good, but not infallible guide, as 
cholesteatoma and mtiaciamal complications can also occui 
m “non-suigical ears” 

Numerous “modified” ladical opeiations have been devised 
m an attempt to conseive oi impiove healing in these patients 
Such proceduies have often lesulted m satisfactory eradica¬ 
tion of the disease, even though some had to be converted 
latei to ladical operations, but they have been lather dis¬ 
appointing fiom the standpoint of improvement of heaung 
Thus the goal m the suigical treatment of chronic otitis media 
and mastoiditis is two-fold primarily, eradication of the 
disease, and second, satisfactory postoperative hearing 

Foi many yeais otologists have been astounded by the oc¬ 
casional patient with healed chronic otitis media, or ladical 
mastoid cavity, whose healing was excellent On inspection 
of these patients it was noted that a membiane had foimed, 
enclosing the onfice of the Eustachian tube and the round 
window niche, and that occasionally this membrane was ad- 
heient to the stapes Zollner 12 and Wullstem, 3 * woikmg m 
different universities m Germany, made these observations 
and began woikmg, in the yeais after World Wai II, to devise 

•Bead at the meeting- of the Southern Section American Lar> ngologlcal, 
Rhlnologlcal and Otological Society Inc Jan -6--6 1958 Memphis Tenn 

tFrom the Department of Otorhinolaryngology Oehsner Clinic New 
Orleans 

Editor's Note This manuscript receded in The Laryngoscope Office and 
accepted for publication Jan 27 1968 
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a suigical method foi achieving this lesult, which they called 
“tympanoplasty” Since the lecent publication of aiticles by 
these physicians m English and Amencan journals, inteiest 
m tympanoplasty has been gieat m this countiy Plastic 
pioceduies on the middle eai foi closuie of peifoiations and 
impiovement of heaung have been developed duimg this 
same penod, puncipally by Amencan otologists, including 
Jueis, 5 House, 11 and Wnght, Guilfoid and Diapei 7 These 
techniques aie most mteiestmg, but aie not within the scope 
of this papei 

Although my expei lence with tympanoplasty is still limited, 
it was thought that some mfoimation might be gamed fiom 
a buef leview of my cases Between Maich 21, 1957, and 
Novembei 1, 1957, 16 tympanoplasties weie done by me at 
Ochsnei Foundation Hospital on patients langmg in age 
fiom foui to 45 yeais In the ensuing paiagiaphs selection 
of cases, technique, and lesults of tympanoplasty will be dis¬ 
cussed m the light of this expenence 

SELECTION OF PATIENTS 

Tympanoplasty can be peifoimed on any patient with 
chionic otitis media and mastoiditis, piovided cochleai func¬ 
tion is adequate to wan ant this moie time-consuming and 
meticulous pioceduie I piefei myimgoplasty in patients 
with tiaumatic oi long healed and diy cential peifoiations 
that have pioved lesistant to moie conseivative attempts at 
closuie 

Pieopeiative puie tone ail and bone audiometiy, and speech 
audiometiy, aie essential Use of the acoustic piobe, as ad¬ 
vocated by Zollnei 1 - seems unnecessaiy to me, because the 
ossiculai chain and window function will be inspected at 
opeiation Its value is even questionable because of sound 
conduction by the diseased pioducts piesent 

Pieopeiative deteimmation of the piedommate pathogenic 
oiganism and appiopnate antibiotic, followed by a penod of 
local and systemic tieatment, is desnable but not essential 
Disease of the paianasal sinuses and nasophaiynx should be 



tieated pieopeiatively Patency of the Eustachian tube must 
also be detei mined befoie opeiation 


TECHNIQUE 

The technique of tympanoplasty is not steieotyped, it must 
be adapted to the pathologic alteiations piesent Unless in¬ 
ti aciamal extension is piesent oi imminent, the opeiation is 
done m one stage The basic punciples aie simple, and have 
been lucidly piesented by Wullstem 3 ^ The puncipal factois 
m sound tiansmission to the mnei eai aie sound pressuie 
tiansfoimation fiom the tympanic membiane to the labynnth, 
and sound piotection of the lound window In Types I and II 
the ossiculai chain is inta ct, a nd the attic is pieserved, thus, 
both of these factois aie piesent Jin Type III sound piotec¬ 
tion of the lound window and partial sound piessuie tians¬ 
foimation (thiough the “collumella effect” of the stapes) 
aie piesent In Types IV and V sound piotection of the lound 
window is the only factoi piesent 

If an an-containing, mucosal-lined, middle-eai space, en¬ 
closing antenoily a patent Eustachian tube and posteiioily a 
fieely moveable lound window membiane, can be developed 
and maintained, useful healing will lesult, piovided the 
stapes footplate is fieely moveable and cochleai function is 
adequate The following technique was employed m the cases 
m this senes 

A full thickness skin giaft is taken, half fiom the postenoi 
suiface of the auncle and half fiom the postauiiculai legion, 
as advocated by Wullstem 3J The maigms aie undeimmed, 
and the defect is closed ivith mattress sutuies An endauial 
incision is made, and the posteiosupenor membianous canal 
is lemoved by an incision to one millimetei lateial to the an¬ 
nulus The mastoid antium is exposed by removal of bone 
with cutting buns postenoily, beginning two millimeters 
lateial to the notch of Rivmus A-flat low budge is foimed, 
and all diseased mastoid cells aie exenteiated, caie being 
taken to foim as small a bowl as possible 

Attention is then dnected to the middle eai and attic The 
lemamdei of the opeiation is done thiough the opeiatmg 
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mieioscope All vital aieas must be inspected (“contioiled”) 
with as little distuibance to the lemammg tympanic mem- 
biane and ossicles as possible JThis includes the attic, ossicles, 
lound window niche, mesotympanum, hypotympanum, and 
“orMce^oFth^Eustaclnan tube This may be possible thiough 
aTlalge central peifoiation Often it is necessary to dull 
the control windows of Wullstem, 3 4 to enlaige the attic by 
turning down Shiapnell’s membiane and lemovmg bone fiom 
below upwaid, 01 peihaps to cut the budge antenoily to le- 
move the matnx of the cholesteatoma fiom the antenoi ex¬ 
tent of the attic It is advisable to check the len ticulai piocess 
of th e incus anrLits articulation -with the stapes _eaily, as tins 
is the most vulneiable portion of the ossiculai cham, and if it 
is not intact, the pioceduie can be gieatly shortened by le- 
moval of the bridge All cholesteatoma and diseased mucosa 
must be lemoved fiom - the attfc, mesotympanum, hypotym- 
pahum, stapes 01 oval window, lound window niche, and 
.oTIfice nf tlie'Eustachian-tube This is accomplished by use 
of small scissois, cuiettes, cup foiceps and suction Mobility 
of the footplate of the stapes is detei mined by piesence of the 
“change piessuie” (stapedius leflex) sign As much mucosa 
as possible is saved ovei the aiea that is to form the new 
middle eai The aieas that aie to form the bed foi the giaft 
aie piepaied down to subepithelial tissue 01 to bone Aftei 
the annulus fibiosa, and as much of the tympanic membiane 
as possible have been saved, the entile aiea has been caiefully 
inspected foi lesidual disease, and bleeding has been con¬ 
ti oiled, it is time to place the giaft The giaft should be 
carefully piepaied befoiehand and thinned of all subcutane¬ 
ous tissue so that it is soft and pliable Small pledgets of 
Gelfoam® soaked m penicillin solution aie then placed ovei 
the aiea that is to form the new middle eai, extending fiom 
the 01 if ice of the Eustachian tube into the lound window 
niche The giaft is then laid m position, adjusted, and cut 
to fit Laigei pieces of Gelfoam® aie placed ovei the giaft, 
and the l emammg cavity is packed with vasolme gauze strips, 
and a basket filled with small sponge squaies 

Postopeiatively, all packing is lemoved aftei six days, the 
Gelfoam® ovei the giaft is lemoved on the tenth day, and the 
Eustachian tube is caiefully inflated on the tenth to foui- 
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tieated pieopeiatively Patency of the Eustachian tube must 
also be detei mined befoie opeiation 

TECHNIQUE 

The technique of tympanoplasty is not steieotyped, it must 
be adapted to the pathologic alteiations piesent Unless in¬ 
ti acianial extension is piesent 01 imminent, the opeiation is 
done m one stage The basic punciples aie simple, and have 
been lucidly piesented by Wuilstein 34 The puncipal factois 
in sound tiansmission to the mnei eai aie sound piessuie 
tiansfoimation fiom the tympanic membiane to the labynnth, 
and sound piotection of the lound window In Types I and II 
the ossiculai chain is inta ct, a nd the attic is pieserved, thus, 
both of these factois aie piesent _In Type III sound piotec¬ 
tion of the lound window and partial sound piessuie tians- 
foimation (thiough the “eollumella effect” of the stapes) 
aie piesent In Types IV and V sound piotection of the lound 
window is the only factoi piesent 

If an an-containing, mucosal-lined, middle-eai space, en¬ 
closing antenoily a patent Eustachian tube and posteiioily a 
fieely moveable lound window membiane, can be developed 
and maintained, useful healing will lesult, piovided the 
stapes footplate is fieely moveable and cochleai function is 
adequate The following technique was employed m the cases 
m this senes 

A full thickness skin giaft is taken, half fiom the postenoi 
suiface of the auncle and half fiom the postaunculai legion, 
as advocated by Wullstem 34 The maigms aie undeimined, 
and the defect is closed with mattiess sutuies An endauial 
incision is made, and the posteiosupenoi membianous canal 
is removed by an incision to one milhmetei lateial to the an¬ 
nulus The mastoid antium is exposed by lemoval of bone 
with cutting buns posteiioily, beginning two millimeteis 
lateial to the notch of Rivmus A-flat low_bndge is foimed, 
and all diseased mastoid cells are exenteiated, caie being 
taken to foim as small a bowl as possible 

Attention is then dnected to the middle eai and attic The 
lemamdei of the opeiation is done thiough the opeiatmg 
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micioscope All vital aieas must be inspected (“contioiled”) 
with as little distuibance to the lemainmg tympanic mem- 
biane and ossicles as possible ^This includes the attic, ossicles, 
lound window niche, mesotympanum, hypotympanum, and 
ounce ofTTuTEustachian tube This may be possible thiough 
a ~large cential peifoiation Often it is necessary to dull 
the contiol wmdows_of Wullstein , 3 4 to enlaige the attic by 
turning down Shiapnell’s membiane and lemovmg bone fiom 
below upwaid, 01 peihaps to cut the budge antenoily to le- 
move the matnx of the cholesteatoma fiom the antenoi ex¬ 
tent of the attic It is advisable to check the lenticulai pi ocess 
of th e incus audits articulation with the stapes eaily, as tins 
is the most vulneiable portion of the ossiculai chain, and if it 
is not intact, the pioceduie can be gieatly shortened by le- 
moval of the budge All cholesteatoma and diseased mucosa 
must be lemoved fiom the attic, mesotympanum, hypotym- 
panum, stapes 01 oval window^ lound window mche, and 
oIi fice..o£ the~-Eustachian-tube Tins is accomplished by use 
of small scissois, cuiettes, cup foiceps and suction Mobility 
of the footplate of the stapes is detei mined by piesence of the 
“change piessuie” (stapedius jeflex) sign As much mucosa 
as possible is saved ovei the aiea that is to form the new 
middle eai The aieas that aie to form the bed foi the giaft 
aie piepaied down to subepithelial tissue 01 to bone Aftei 
the annulus fibiosa, and as much of the tympanic membiane 
as possible have been saved, the entile aiea has been caiefully 
inspected foi lesidual disease, and bleeding has been con¬ 
ti oiled, it is time to place the giaft The giaft should be 
caiefully piepaied befoiehand and thinned of all subcutane¬ 
ous tissue so that it is soft and pliable Small pledgets of 
Gelfoam® soaked m penicillin solution aie then placed ovei 
the aiea that is to form the new middle eai, extending fiom 
the 01 if ice of the Eustachian tube into the lound window 
niche The giaft is then laid m position, adjusted, and cut 
to fit Laigei pieces of Gelfoam® aie placed ovei the giaft, 
and the lemammg cavity is packed with vasohne gauze stiips, 
and a basket filled with small sponge squaies 

Postopeiativelv, all packing is lemoved aftei six days, the 
Gelfoam® ovei the graft is lemoved on the tenth day, and the 
Eustachian tube is caiefully inflated on the tenth to foui- 
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tieated pieopeiatively Patency of the Eustachian tube must 
also be detei mined befoie opeiation 

TECHNIQUE 

The technique of tympanoplasty is not steieotyped, it must 
be adapted to the pathologic alteiations piesent Unless in¬ 
ti aciamal extension is piesent 01 imminent, the opeiation is 
done m one stage The basic pnneiples aie simple, and have 
been lucidly piesented by Wullstem 34 The puncipal factois 
m sound tiansmission to the mnei eai aie sound piessuie 
tiansfoimation fiom the tympanic membiane to the labynnth, 
and sound piotection of the lound window In Types I and II 
the ossiculai chain is intact, and the attic is pieserved, thus, 
both of these factois aie piesent In Type III sound piotec¬ 
tion of the lound window and partial sound piessuie tians¬ 
foimation (thiough the “collumella effect” of the stapes) 
aie piesent In Types IV and V sound piotection of the lound 
window is the only factoi piesent 

If an an-containing, mucosal-lined, middle-eai space, en¬ 
closing antenoily a patent Eustachian tube and postenoily a 
fieely moveable lound window membiane, can be developed 
and maintained, useful heaung will lesult, piovided the 
stapes footplate is fieely moveable and cochleai function is 
adequate The following technique was employed in the cases 
m this senes 

A full thickness skin giaft is taken, half fiom the posteiioi 
suiface of the auncle and half fiom the postauneulai legion, 
as advocated by Wullstem 34 The maigms aie undeimmed, 
and the defect is closed with mattiess sutuies An endauial 
incision is made, and the posteiosupenoi membianous canal 
is lemoved by an incision to one milhmetei lateial to the an¬ 
nulus The mastoid antium is exposed by lemoval of bone 
with cutting buns posteiioily, beginning two milhmeteis 
lateial to the notch of Rivmus A-flat low budge is foimed, 
and all diseased mastoid cells aie exenteiated, caie being 
taken to foim as small a bowl as possible 

Attention is then dnected to the middle eai and attic The 
lemamdei of the opeiation is done thiough the opeiahng 
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micioscope All vital aieas must be inspected (“contioiled”) 
with as little distuibance to the lemainmg tympanic mem- 
biane and ossicles as possible This includes the attic, ossicles, 
lound window niche, me sotvmp anum, hypotympanum, and 
orifice ot tlnTEustachian tube This may be possible thiough 
artaige cential perfoiation Often it is necessary to dull 
the contiol windows_of Wullstem , 31 to enlaige the attic by 
turning down Shiapnell’s membiane and lemovmg bone fiom 
below upwaid, 01 pexhaps to cut the budge antenoily to le- 
mo\e the matiix of the cholesteatoma fiom the antenoi ex¬ 
tent of the attic It is advisable to check the lenticulai piocess 
of t he incus and its articulation -with the stapes eaily, as tins 
is the most vulneiable portion of the ossiculai chain, and if it 
is not intact, the pioceduie can be gieatly shortened by le- 
moval of the budge All cholesteatoma and diseased mucosa 
must be lemoved fiom the attic, mesotympanum, hypotym¬ 
panum, stapes oi oval window^ lound window niche, and 
edifice of the-Eustachian tube Tins is accomplished by use 
of small scissois, cuiettes, cup foiceps and suction Mobility 
of the footplate of the stapes is detei mined by piesence of the 
“change piessuie” (stapedius leflex) sign As much mucosa 
as possible is saved ovei the aiea that is to form the new 
middle ear The aieas that aie to foim the bed foi the giaft 
are piepaied down to subepithehal tissue oi to bone Aftei 
the annulus fibiosa, and as much of the tympanic membiane 
as possible ha\ e been saved, the entne aiea has been caiefully 
inspected foi lesidual disease, and bleeding has been con¬ 
ti oiled, it is time to place the giaft The giaft should be 
caiefully piepaied befoiehand and thinned of all subcutane¬ 
ous tissue so that it is soft and pliable Small pledgets of 
Gelfoam® soaked m penicillin solution aie then placed ovei 
the aiea that is to form the new middle eai, extending fiom 
the onfice of the Eustachian tube into the lound window 
niche The giaft is then laid m position, adjusted, and cut 
to fit Laigei pieces of Gelfoam® aie placed ovei the giaft, 
and the lemainmg cavity is packed with \asohne gauze steps, 
and a basket filled with small sponge squaies 

Postopeiativelv, all packing is lemoved aftei six days, the 
Gelfoam® o\ei the giaft is lemoved on the tenth day, and the 
Eustaclnan tube is caiefully inflated on the tenth to foui- 
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teenth day The tube is inflated at each postopeiative visit 
theieaftei, and the patient is mstiucted to inflate his eai 
caiefully by the Valsalva maneuvei daily 

TECHNICAL PROBLEMS 

In my limited expenence with this pioceduie seveial minoi 
technical pioblems have become evident The giaft .should 
be wide My eaily tendency to make the giaft too nauow, 
and theieby pioduce less “pinning back” effect on the auncle, 
was an unwananted feai, as in seveial months the auncle 
will assume its onginal position _A small new middle eai 
is desuable, as the smallei the fiee portion of the giaft, the 
less likely it is foi peifoiation to occui A wide gap between 
the antenoi wall of the external auditoiy canal and the facial 
lidge is desuable, the antenoi edge of the giaft should be 
bevelled, and should not extend too fai lateially on the an- 
tenoi wall of the external auditoiy canal T heie shoul d be 
no folds 01 oveilapping of the giaft, and the stapes footplate 
should be left uncoveied by the giaft m Type IV piocediues 
The bond must extend to the level of the flooi of the external 
auditoiy canal, and the facial lidge should be quite flat, to 
facilitate the placing of the giaft and to peimit easiei post¬ 
opeiative caie 

Expei lence m dissection and use of the dull thiough the 
opeiatmg micioscope is lapidly gained, and piesents no piob- 
lem Meticulous attention to detail m cleansing the stapes 
and lound window niche is essential to a good lesult 

It has been said “bettei a good Type III 01 IV than a pool 
Type I 01 II ” The less expeilenced the suigeon m this woik 
the tiuei is this expression The pumaiy concern is com¬ 
plete lemoval of the disease, and plastic leconstiuction of the 
sound-conducting appaiatus will not be successful if this is 
not done 


RESULTS 

Of the 16 tympanoplasties, two weie Type I, nine Type III, 
and five Type IV Twelve of the 16 patients have intact, in¬ 
flatable middle eais Thiee have had peifoiations m the 
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giaft, one of which was closed by cautenzation and patching 
with legam of heaung Two new middle eais have been closed 
by adhesions Of the two patients who had Type I pioeeduies, 
one has essentially normal healing and the othei a laige pei- 
foiation in the giaft with no gam m heaung One of the 


TABLE i 

Audiologic Results of Tympanoplasty Types III and IV 


Type 

Avg db 
Gain 

A%g P O Air Conduction 
Threshold Loss in db 

Max. db 
Gain 

BestP O Hearing 
.Level In db Loss 

HI . 

.16 

34 

35 

23 

IV- 

_ _L4 

38 

32 

27 


patients on whom a Type IV tympanoplasty was done is 
scheduled to have a fenestiation opeiation soon The post- 
opeiative heaung status of the patients who had Types III 
and IV tympanoplasties is shown in Table I Labyimthitis 
and othei senous complications have not occuned in this 
senes 


CONCLUSIONS 

Tympanopla sty is a tedious _and_ time consuming, but fas¬ 
cinating suigical pioceduie The heaung gam in this senes 
has fallen short of what is leported to be obtainable, but I 
have been encouiaged by the eaily postopeiative lesults, and 
believe that tympanoplasty is the tieatment of choice foi 
most patients with chionic otitis media and mastoiditis 
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SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

The next joint annual meeting of the Noith Caiohna Eye, 
Eai, Nose, and Thioat Society and the South Caiolma Society 
of Ophthalmology and Otolaryngology will be held m Asheville, 
N C , on Septembei 14-17, 1958, at Giove Paik Inn An ex¬ 
cellent piogiam is m the making The following guest oph¬ 
thalmologists will be piesent Di James A C Wadswoith, 
New Yoik, N Y , Di Aithui Geiaid DeVoe, New Yoik, 
N Y , and Di Fiank B Costenbadei, Washington, D C 
The following guest otolaryngologists will be piesent Di 
F W Davidson, Danville, Pa, and Di Tom Rambo, New 
Yoik, NY A thud otolaiyngologist will be announced m 
the neai futuie A good attendance is anticipated 

Foi furthei mfoimation wnte dnectly to Di Geoige Noel, 
c/o Caban us Bank Bldg, Kannapolis, N C, oi Di Rodenck 
Macdonald, 330 East Mam St, Rock Hill, S C 



PARAORBITAL LESIONS *f 


F Hasbert, M D , 

Philadelplua, Pa 

This discussion will be limited to lesions which may cause 
signs and symptoms m the oibit and its contents, but which 
ongmate m aieas adjacent to the mbit Conditions to be con- 
sideied in diffeiential diagnosis will be enumeiated and lllus- 
tiated by cases in my expeiience Anatomically, the paia- 
oibital aiea consists of 

1 Nose and Sinuses 

2 Nasopharynx 

3 Cianial cavity 

U Skin of lids and adnexa 

GENERAL DISORDERS 

Osteitis deformans (Paget’s), osteitis fibiosa, and leontiasis 
ossea give chaiactenstic X-iay findings The lipodystiophies 
may involve membiane bones adjacent to the oibit Diabetes 
msipidis and biopsy confum the diagnosis Fibious dys¬ 
plasia, sometimes called ossifying fibioma, begins m child¬ 
hood with slow piogiession and is often appaiently quiescent 
in the adult It is chaiactenzed by absoiption of noimal bone 
and leplacement by adult fibious tissue in which new bone 
appeals Histologically theie is sharp demaication between 
noimal bone and new giowth and no penosteal or othei host 
leaction Radiogiaphically the maigms aie vague 

INJURIES 

The tissue of the lids and bulbai conjunctiva aie notoiiously 
subject to extiavasations of blood, giving the classical black 

•Read at the meeting of the Eastern Section American Lar\ ngologlcnl 
Rhlnological and Otologlcal Societ\ Inc Philadelphia Pa. Jan 1 1958 

tFrom the Department of Otolam ngologj and Bronchoesophasologj Jef¬ 
ferson Medical College 

Editor’s Mote This manuscript recelted In The ’La.TMngoacope Office and 
accepted for publication Feb 27 1958 
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eye It is intei estmg to note that this hemonhage does not 
neeessanly come from direct tiauma, but is often due to dia- 
pedesis thiough delicate capillanes The capillanes on the 
lateral aspect of the bulb aie most pi one to this, as shown by 
the frequency with which extiavasation occurs heie as a le- 
sult of excessive coughing and m ihmoplasty 

Epiphoia and lid edema is common as a leaction to tiauma 
or infection of the paraoibital aiea Limitation of the globe 
and mduiation indicate oibital cellulitis, abscess, or cavernous 


BENIGN NEOPLASMS OE NOSE, NASOPHARYNX AND SINUSES 


Adunoaal 

(• usually polypoid 
AngiomaJ 

Chondroma 

Endothelioma 

Fibroma 

Fibrous dyplasia {ossifying fibroma) 
Hamartoma 

Juvenile angiofibroma 
Lipoma 

TABLE I 


Mixed tumor 

Hjrxona 

Neurilemmoma 

Heurofibroma 

Odontoma 

Oateoma 

Papilloma (inverting) 

Plaemoojrtoma 

Teratoma 


sinus involvement In response to a blow, the skull and facial 
bones become defoimed, with 01 without fiacture This 
sudden deformation may cause a teai or injury to soft tissue 
even when fiactuie does not occui, as foi example hematoma 
of the maxillary sinus associated with oibital edema 

Blows to the zygoma often cause fractuies of the orbital 
maigin mfenoily and lateially m conjunction with fiacture 
of the zygomatic aich In evaluating such a fracture it is 
impel ative that alignment of the delicate plate-hke floor of the 
01 bit be determined ladiographically It is well to lemember 
that fiactuies here may not be demonstrable by routine films 
If fiagments aie depressed mto the antium enophthalmos 
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lesults when edema subsides This used to be called fat 
atiophy following mjuiy, but is due to herniation of oibital 
contents into the maxillary smus by seal conti action Re¬ 
placement and maintenance of these fiagments by packing, 
inflated balloon, etc, thiough a Caldwell-Luc incision is 
usually necessaiy 

Emphysema of the oibit may be associated with fiactuies 
involving the sinuses, particulaily the ethmoid Emphysema 
occuning without tiauma may indicate an eiodmg lesion, e g 
etlimoid osteoma 


malignant neoplasms op nose, nasopharynx, and sinuses 


Xd ftcccaroInoEia 
lnfllohl«atosA 
Chordona 

Epldernold earcinoca 
Nmrohlafltona 

Transitional call cftrolnoaa (ljcphoapithalicca) 
Undifferentiated cere1rone 


TABLE II 


Ingioeercnne 

Chondrocercoce 

Eibroearcone 

LynpboMTcoca 

Malignant achvnnnotaa 

Mtlanotai 

>tr»lca* 

Oataoganic eercona 

Reticultm cell aarccca (Evinga) 

Rhabdonyoasrcar* 


nose and sinuses 

The ielation of the nose and smuses to the oibit is chaiactei- 
lzed by thm bony partitions with fiequent dehiscences, absence 
of orbital lymphatics, and fiee anastomosis of veins We may 
considei that blood fiom the sinuses diam into the cavernous 
sinus via the oibit, and m sinusitis, extension to the orbit 
is by phlebitis The fiontal smus is insignificant below age 
seven, and maxillary sinusitis causes oibital complications 
only when theie is osteomyelitis The sinuses account foi 
60 pei cent of oibital infections Of these the fiontal is most 
often the cause, except m youngei childien wheie ethmoid 
disease is moie impoitant 1 Gianuloma may be specific, eg 
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Chondrosarcoma of the nose causing unilateral proptosis and bilateral 
visual impairment 

Fig 1 Indeterminate findings bj usual \iews 


scleioma, yaws, syphilis, etc, 01 non specific The midlme 
(lethal) gianuloma lemains an enigma Cysts such as dei- 
moid and dentigeious may extend into the oibit 

SINUSITIS 

Acute fulminating fiontal sinusitis may occui m younger 
individuals with noimal sinuses, often aftei swimming Acute 
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Fig 2 Planlgraphic demonatratlon of tumor 


Exaceibations of chiomc disease, 01 lecuinng acute attacks 
indicate undei lying pathology such as inadequate aeiation 
Obstiuction is m the nasofiontal connection, and not m the 
nose Such pioceduies as lemoval of nasal polyps, infiaction 
01 amputation of the middle tuibmate, and submucous le- 
section may be indicated, but laiely lelieve the basic ob¬ 
stiuction 
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Fig 2a. Basal \iew 01 skull show Ins’ encroachment on nasopharyngeal 
airway and obliteration of foramana and Eustachian tube 

Nasopharyngeal lymphosarcoma causing proptosis paralysis of the Vlth 
nene and extension to middle and external ears on admission Complete 
regression under X-ray therapy with subsequent metastasis to lungs 


Bone leacts to infection by eithei piolifeiative 01 destiuc- 
tive changes The foimei is commonly seen as a condensing 
osteitis of the sinus wall, and usually indicates a chionic and 
mildei piocess than demmeialization Sinus tiacts may ex¬ 
tend to the lids 01 01 bit Local destiuction of maiiow (osteo¬ 
myelitis) indicates a moie acute process Because of intimate 
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venous connection between maiiow spaces, duia, and penoi- 
bita, both intia ciamal and oibital complications may occui in 
the osteolytic type Reactive oibital edema is common with 
acute sinusitis 

Mucocele Mucocele causes eiosion and absoiption of ad¬ 
jacent bone with encioachment on the nose, oibit, and duia 
The fiontal sinus is most commonly involved m adults, and 




Fig 2b ilajers \ lews showing coalescence of external coral antrum 
and adjacent cells 


the ethmoid in the young The maxillary and sphenoid sinuses 
aie laiely affected The symptom calling foi medical atten¬ 
tion is usually painless deformity—m the case of the oibit 
pioptosis Diagnosis is usually made by X-iay, which shows 
thinning of walls and obhteiation of noimal scalloping of the 
fiontal sinus 01 coalescence of ethmoid cells Pei iodic oph¬ 
thalmoplegic migiame and pioptosis may indicate sphenoid 
mucocele If a mucocele exposes both the penoibita and the 
duia theie may be a pulsating exophthalmos 

Ne&plasms Tumois involving the oibit occui appioxi- 
mately as follows 0 pnmary 60 pei cent, paiaoibital 30 pel 
cent, metastatic 10 pei cent 





Fig 2c Pulmonary metastasis 


The eye is able to adapt to slow invasion of the orbit, as by 
a benign tumoi without the development of diplopia, 01 limita¬ 
tion of excuisions even when pioptosis is maiked The de¬ 
velopment of diplopia and ieduced mobility with little piop¬ 
tosis is, theiefoie, an indication of a lapid oibital invasion, 
and is moie chaiacteiistic of a malignant tumoi 1 

Nasal polyps of the mucoid type piactically never encioach 
„ the 01 bit, but the piesence of nasal polyps may mask moie 
deep seated disease Repeated biopsies, sometimes thiough 
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external incisions, may be necessaiy to establish the piesence 
of a neoplasm The use of iodized oil, Papanicolaou smeais, 
and aspnation biopsy have questionable value, m that a posi¬ 
tive finding must be confnmed by open biopsy, and a negative 
finding is valueless 3 The piesence of umlateial polyps and 
dischaige, 01 epistaxis, partieulaily wan ants thoiough study 3 

Osteoma is an encapsulated bony tumoi onginatmg fiom 
distuibed 01 displaced cartilage Cortical, cancellous, and 



Fig 3 Basal and squamous carcinoma of lids with extension into 
orbit requiring exenteration and metastasis to cer\leal ljmph nodes 


mixed vaneties aie lecogruzed They aie slow gi owing and 
pioduce symptoms by obstiuctmg passages causing mucocele 
oi secondaiy infection, sinus tiact formation, oi encioaching 
on adjacent oibital oi cianial aieas The fiontal sinus is 
involved in one-half of the cases, the maxillary m 10 pei cent, 
and the ethmoid m the lest 14 Sphenoid involvement is very 
laie 

Caicmoma of the paianasal sinuses constitute only 0 2 per 
cent of all caicmoma 3 Of these by fai the gieatest numbei 




i/XU 


XXrtJLVUXJAVJ. 


X x. XXJJ UJJOIUI'* o 


oiigmate m the antrum, and the balance in the ethmoid The 
fiontal and sphenoid aie usually secondaiily involved 1 Males 
aie affected twice as often as females foi both osteoma and 
caicmoma Unless the tumoi oiigmates superficially and 
causes eaily obstiuction or bleeding, the diagnosis is usually 
made late X-iays usually fail to leveal the full extent of the 
lesion 


NASOPHARYNX 

Malignant tumors of the nasopharynx constitute about 
3 pei cent of all malignancies, and aie most often epideimoid 
in the adult and saicomatous in the young They may spiead 
to the 01 bit, mtiacramally, oi along the Eustachian tube The 
peritubal syndiome (tuad of Tiottei) consists of deafness 
due to seious otitis media, neuialgia due to involvement of 
the mandibular division of the Vth nerve and palate palsy 
The syndrome of the oibital apex (petrosphenoid syndrome) 
consists of palsy of one or moie nerves II, III, IV, V,VI, and 
the sympathetic (Homer’s syndrome) The orbit becomes 
involved by extension m the foramen laceium along the caiotid 
aiteiy to the supenoi oibital fissuie, oi by extension fiom the 
pteiygoid space to the mfeiioi orbital fissure Deep seated 
parotid tumois may affect the orbit by the lattei loute Some 
piimaiy malignant lesions may not be recognized, even in the 
piesence of cervical metastasis, which occuis m 75 pei cent 
of cases In 50 per cent, the first symptom is oculai, viz 
diplopia, pam, oi reduced vision Fifteen pei cent have 
symptoms refenable to the ear—pam, fullness, deafness, as 
the initial complaint 1 Any case of otherwise unexplained 
cervical adenopathy, otalgia oi deafness, facial pam or an¬ 
esthesia, or diplopia, should have a thorough examination of 
the nasophaiynx and biopsy of any suspicious lesions 

Juvenile angiofibioma occurs usually m male adolescents, 
glows to about age 25 and then recedes It may originate 
from any paid; of the base of the skull, often with multiple 
attachments It absoibs adjacent bone by slow giowth, 
and may extend mtiaciamally into the oibit, nose, sinuses, 
and sphenopalatine fossa Recurrent severe epistaxis, nasal 
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obstiuction, 01 secondaiy sinusitis is common Biopsy of such 
a tumoi had best be done m the opeiatmg 100m 

Choidoma is a tumoi originating fiom the ciamal end of the 
notochoid It may occui in the nasophaiynx, sphenoid 01 
intiacianially X-iay may show a bony defect at the site of 
the tumoi A partial list of othei tumois to be consideied 
is shown in Tables I and II 

SKIN AND ADNEXA 

Malignant tumois of the skin may extend into the oibit 
Lid tumois aie fiequently baso-squamous It is well to le- 
membei that while basal cell tumoi s pi actically nevei metasta¬ 
size, the baso-squamous type do When an epidermoid lesion 
involves only soft tissues, tieatment by eithei ladiation 01 
suigery may be consideied When bone is involved the piog- 
nosis is giave, and tieatment by any method is difficult, but 
suigeiy piovides a bettei piognosis than ladiation Acute 
inflammatory piocesses of the skm 01 lachrymal sac may 
cause oibital cellulitis 01 abscess, while chionic lachrymal sac 
infections may pioduce sinus tiacts 

CENTRAL NERVOUS SYSTEM LESIONS 

Cential neivous system lesions, causing oibital symptoms 
may be consideied undei the heading of tumois, cavernous 
sinus thiombosis and A V aneurysm 

Piobably the most common mtiacianial tumoi associated 
with the 01 bit is meningioma ansing m the vicinity of the 
sella oi sphenoidal ndge The lattei may extend into the 
oibit as well as intiacianially Manow bone adjacent to such 
a tumoi often leacts by causing hypeiostosis while cortical 
bone is absoibed Chaiactenstic X-iay findings and the 
syndiome of the oibital apex aie diagnostic Pioptosis and 
optic atiophy usually piecede neuiological findings and pi¬ 
tuitary dysfunction Pituitaiy tumois extending into the 
sphenoid may be best tieated by the otolaryngologist 

Cavernous sinus phlebitis is usually due to toxic swelling 
of the endothelium and thiombosis to stasis The oiigmal 
souice of infection may be as follows 
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1 Skm of the face (especially the lids, lip, and scalp, via 
angulai and supenoi ophthalmic veins) 

2 Nose* (via ethmoid and ophthalmic veins) 

3 Teeth (via pteiygoid plexus and mfenoi ophthalmic 
vein) 

4 Eai and Mastoid (fiom lateial sinus oi via petiotym- 
panic fissuie to pteiygoid plexus and mfenoi oibital vein) 

5 Thioat (via pteiygoid plexus and mfenoi ophthalmic 
vein) 

Cavernous sinus thiombosis may also occui m blood dys- 
ciasias and septicemia 
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THE WONDER DRUGS—A PSYCHOSOCIAL 
PHENOMENON * 

Lester L Coleman, M D , 

New Yoik, N Y 


It is said that the history of civilization has as its nniioi 
the history of medicine The art and piaetice of medicine 
has been intimately interwoven into eveiy phase of man’s 
accomplishments, foi always the history of a nation's econ¬ 
omy, giowth, intellectual and artistic attainments have been 
dependent upon the health of its people 

Revolutionary concepts m science and medicine have 
thiough the ages opened new honzons and new vistas foi the 
study of man Every geneiation seems to have biought with 
it newei accomplishments, newei theiapeutic techniques, 
newei diagnostic facilities, all bringing with them a growing 
feeling of encouiagement and hope 

All theiapies fiom time lmmemonal have had as a valuable 
ally an auia of magic and sorcery Even today disease is 
still enshrouded by a veil of mystery Invisible piessuies, 
appaiently beyond the conti ol of the individual, seem to exert 
foices that convert health to illness Disease seems to be en¬ 
dowed with special malice governed by an invisible mystic 
foice Feveis, chills and anxieties uncontrollable and unyield¬ 
ing have been lecoided as having these mystenous oveilays 
Disease is consideied capricious and punitive, especially by 
those plagued with guilt foi leal 01 fancied sms 

Moies aie diffeient m all civilized and pumitive societies 
The chaiactei of the taboos may vary with special enlighten¬ 
ment, but the violated taboo always suggests that disease is 
punishment foi sin and guilt The invisible devil exerting 
his malicious charms is given special ciedit foi the causes of 
disease Civilized societies impose similai supematuial quail- 


•Read at the meeting of the Eastern Section American La r> ngologica] 
Rhlnological and Otological Societj Inc Philadelphia Pa. Jan 9 195S 
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ties to the mystenes of modern-day illness We, too, seek the 
cause of disease m quasi ti uths and fiction, departing slightly 
fiom the primitives who seek thens with magico-iehgious 
incantations Magic, the unexplained, is as vital an element 
m the healing as in the cause of disease 

The potency of the soiceiei and the efficiency of his art, 
legaldless of the natuie and cause of sickness, lies m the 
magical healing qualities of his piescuption The gieatei the 
lanty, the gieatei the difficulty m obtaining it, the gieatei 
the expense, the gieatei is the potential cuiative powei of 
that diug Ranty is the exploitable element m the soiceier’s 
aimamentanum of magic Exoicism, one of the piecuisors 
of the psychosomatic concept, was a potent technique against 
any spiritual mtiusion The magico-iehgious implications of 
the etiology and cuie of diseases has its specific loots m the 
social and economic stiuctuie of any particular society Thei- 
apy m pumitive society is lational m teims of its paiticulai 
world of magic and the supematuial Foi these pumitives 
it is logical and piedicated on the faith m the tubal healei 
The lapport between the savage and the soiceiei, his medical 
consultant, is solidified by exquisite faith based on past ac¬ 
complishments Witchciaft and black magic, boin of scien¬ 
tific limitations m pumitive society, has its exact countei part 
m the medical practices of today’s society 

All theiapy has evolved thiough distinct penods of lgnoi- 
ance and tiuth The paiallel lelationship between disease 
and therapy can be used foi study of one 01 both At fust 
all theiapy was magical, mystical and lehgious, and had no 
basis m fact Theiapy was then nonempmcal and based on 
illogical postulates The next phase of enhghenment was the 
pie-scientific eia when therapeutic pioceduies weie based on 
abstiact 01 metaphysical ideas, combined with the beginning 
of the empmcal appioach Latei came the positivistic or 
eaily scientific attitudes towaid theiapy based on the study 
and observation of natuial phenomenas Unfoi tunately, dur¬ 
ing this penod theie was as yet not enough intei disciplinary 
knowledge for the adequate explanation of these anatomical 
and physiological phenomena 

The eia into which we have giown with scientific maturity 
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is one whose accomplishments aie based on scientific postu¬ 
lates, scientific obseivations and thoiough analysis Theiapy 
attained its full matunty with the lealization that no science 
can be isolated 01 insulated fiom all othei biological, philo¬ 
sophical 01 social disciplines The theiapeutic ultimum could 
only be attained by extensive intei disciplinary exchanges of 
all allied mfoimation 

The advances and con elation of this intei disciphnaiy 
knowledge is lapidly bunging us to a peak of scientific ac¬ 
complishment Physical, chemical, biological and social 
studies, combined with psychoanalytical disciplines, aie all 
lepiesented in tins matuie humanistic eia of medicine Medi¬ 
cine meoipoiates these scientific studies, piloted by the physi¬ 
cian who applies them foi clinical theiapy The honzons have 
thus been expanded foi today’s doctois They must not be 
burdened 01 limited by any sociological piessuies and 1 evert 
to ancient concept of theiapy 

Language is the basic means of communication between 
the doctoi and the patient, yet each speaks a diffeient lan¬ 
guage, one that needs amplification and explanation The 
confusion of this language bainei is elaboiated because the 
patient seems to “heai with an accent ” The patient listens 
but heais with a distortion bom of the tensions and anxieties 
of illness Illness destroys the emotional stability of many 
patients, 01 at least alteis it It is in this off-balance posi¬ 
tion that they fust make contact with then doctors Long 
after the disease and its devitalization has passed, the doctoi 
continues to be identified witn painful symptoms, complaints, 
alteiation of pioductivity and financial buidens Thus the 
physician evolves as a piedatory subveisive who paiasitically 
thuves on the patient’s misfortune 

The doctoi is consideied by the patient as the possessoi of 
infinite wisdom, and is invested with the cloak of symbolic 
levelence and adulation Subtle piessuies aie imposed upon 
him to maintain this piecanous position of limitless knowl¬ 
edge Raielv is he permitted the luxuiy of saying “I don’t 
know” or “I will find out” Ansveis aie a must, even if 
fiction is substituted foi fact Fiction thus cieated must 
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latei be denied 01 confnmed with additional fiction Enois 
thus become fixed m the mind of the patient who is convinced 
of the omniscience of his doctoi Foi, a simple thought, 
cloaked in a polysyllabic phiase, can become a confusing 
enigma leaching culmination m wondeiment and awe by the 
patient 

Theie aie many such paiadoxes m the doctoi-patient le- 
lationship that must be reconciled befoie complete solidifica¬ 
tion of this impoitant unity is to be achieved Patients lesent 
being emotionally and physically undiessed and exposed to 
the mtiicate and labynnthme investigations that seem to be 
aimed at the annihilation of then peisonal ego The doctoi 
sometimes sadistically enjoys the authoiItalian position that 
allows him to mtiude into eveiy cievice of the patient’s life. 
Doctoi s have been enveloped with a halo of godliness foi so 
long that they have giown to enjoy its magical potency 

Many doctois aie offended when then light to then god¬ 
like pinnacle of piommence is questioned They weai then 
piotective cloak of godliness, feaung only that if deflocked 
they will leveal then human fiailties and expose then med¬ 
ical inadequacies 

The despeiate need and impulse to “do something” is the 
doctoi’s lesponse to anxiety supei imposed on him by the 
patient The stiess of feai and anxiety that mvanably ac¬ 
companies all disease makes uigent theiapeutic action a neces¬ 
sity This stiess is a piofound piessuie on the lelationship 
between the patient and the doctoi It is the same piessuie 
of anxiety which expiessed itself in sacufices at the altai 01 
m visits to the shnne of an oiacle It is the same impulse 
that led piimitives to seaich out the stiange heib foi con¬ 
coctions foi the sick Ignoiance of the potential 01 the in- 
giedient of the herb played no paid m the motivations to give 
it Out of this sociological piessuie has grown the philosophy 
of the placebo Medicine has nevei been divoiced fiom this 
concept Implicit m the function of all diugs, with 01 with¬ 
out a specific pharmacological action, is the important emo¬ 
tional value of the placebo Even the antibiotics, used judi¬ 
ciously to destioy a specific oigamsm have the distinct 
emotional ovei tones of the placebo 
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It is not my puipose to become too involved m geneial 
semantics 01 m psychoanalytical intei pi etations May I be 
f01 given if I lecall that a fundamental to the lelationship 
between the doctoi and the patient is the need foi dependence 
and pei haps a legiessive infantile need foi punishment The 
authoi itaiian peisonality, the piotectoi, the physician be¬ 
comes the embodiment of suppoit and secuiity of the paient 
Patients classified as placebo leactois with a distinct evidence 
of suggestibility aie the passive dependent types who lely on 
the authoi lty of the doctoi 

Any medication piescubed by the physician canies with it 
the hope of fulfillment and piotection The medication takes 
on an emphatic piojection of the doctoi’s peisonality and be¬ 
comes m essence a symbol of support, of faith and even of 
spmtual wisdom The actual chemical mgiedient has as a 
hallmaik of authenticity the faith in the doctor’s judgment 
Theie is then a skillful art in the balanced use of the placebo 
It is not a means of deception, of fiaud 01 misiepiesentation, 
yet theie can be but a delicate semantic nuance between its 
honest and dishonest use When the placebo is used as a 
technique to disguise oui scientific inadequacy, it is inexcus¬ 
able When diugs with a placebo effect aie endowed with 
supernatuial powers to compensate foi oui limitations then 
use is also inexcusable The placebo can never be used to 
absolve the physician fiom the obligation to diffei entiate 
cutically between the physical and emotional needs of the 
patient 

Moial values and then mteipietation have insinuated them¬ 
selves into the conti oveisy foi and against the use of the 
placebo Lost m this conti oveisy of moiality weie the spe¬ 
cific needs and emotional equipment of the patient that 
dictated then use 

Illness is a thieat to the mtegiity of the patient The 
placebo as a specific foim of theiapy can seive as an addi¬ 
tional tie between the doctoi and the patient The need foi 
all theiapy diminishes m dnect pioportion to the giowing 
strength of that binding tie Then strengthened lelationship 
stups all theiapy of affectations, piagmatic lies and puipose¬ 
less distortions 
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The ait of theiapy is a discriminating art Factois ap- 
paiently fai lemoved fiom the etiology and diagnosis of 
disease deteimines theiapeutic decisions The art of tieat- 
ment is intimately a pait of the intimacies of the doctoi - 
patient lelationship Diugs, especially the newer antibiotics, 
have become the piopeity of both the doctoi and the patient 
When the sulfonamides and latei the antibiotics weie mtio- 
duced, the-piess laptuiously exalted then supematuial 
poweis These diugs weie immediately consideied as mys¬ 
tical thiowbacks, fust because then hfe-savmg action was 
so pooily understood, and second because of then compaiative 
lanty Rarity again became an element exploited by those 
who ascribed to these di ugs the title of “wondei ” Then 
physiological action and specific chaiactenstics to defend the 
body against the invasion of attacking oiganisms weie lost 
m the excitement of the newness Rathei were the wondei- 
drugs consideied as some magical denvative that had the 
specific power to exorcize all disease Modem medicine 
temporarily leveited to the magical, mystic phase of pie- 
scientific medicine 

The sulfonamides and the antibiotics, by then very title 
of “wondei diugs” weie given an extia mundane auia of 
magic They gracefully took thn place among the many 
drugs about which theie still peisists an inherited feeling of 
mysticism Because the announcement of the discovery of 
the wonder drugs came to the laity at the same time that it 
came to the doctoi s, via pi ess, ladio and television, patients 
seemed to feel that they, too, had as great a propnetaiy light 
of possession of the diugs as did then contempoianes, the 
doctor, patients felt that unless the doctor actually discoveied 
penicillin himself, he could not ughtfully consider himself 
any greater expert m its administration than the patient 
himself Fiom then on, so-called qualified experts spxang up 
eveiywheie Recovery fiom any illness and the conect pro¬ 
nunciation of the responsible drug fulfilled the basic lequne- 
ments for admission to the lay society of theiapists Foi a 
long time aftei Fleming discoveied penicillin the importance 
of its contnbution was oveishadowed by endless discussions 
as to whethei it was to be called penicillin 01 penicillin If I 
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lecall couectly, a publication was leleased by a Committee of 
Eight which finally gave the news to the woild, not of the 
gieat action of the diug, but of its collect and piopeily 
authonzed pionunciation, penicillin 

Gleefully and ughtfully the patient lubbed his hands in 
delight at the possibility that the physician would slowly 
become extinct Dmnei parties could always^ be lescued 
fiom boiedom by a commiseiatmg discussion of the dwindling 
need foi doctois m the community Heie foi the fust tune 
was an opportunity to volatilize then stoied mnei lages 
against the doctoi, the golem of all illness The immediate 
disappeaiance of all acute mastoid suigeiy was consideied 
a kindness to mankind, but moie important the fust step in 
the total eiadication of that paiasitic vultuie, the tonsil- 
snatchmg, septum-slicing butchei of butcheis, the otolaryn¬ 
gologist 

Specialists in all othei fields weie being slowly eliminated, 
too, as the antibiotics weie finding ividei and widei use, m 
fact, the only field that seemed safe fiom the onslaught of the 
antibiotics was psychoanalysis, and it is now facetiously 
lumoied that a potent antibiotic is in the making foi coveit 
homosexuality 

Chemotheiapy and the antibiotics have taken a unique 
position m the important sociological lelationship between the 
doctoi and the patient This position has as gieat a potential 
foi good as it has foi haim The patient now demands and 
suppoits his demands foi a specific diug, at a specific time, 
with a subtle thieat The special weapon, the ace m the hole 
to suppoit his insistence is the “give 01 else law of no letuin ” 
Eithei the doctoi gives the antibiotic 01 the patient tlneatens 
to go somewheie else Many patients have thus levolted 
fiom then pievious position of subservience to enjoy new 
found conti ol ovei the authonty of the doctoi Theie was 
now a lestoiation of the balance of powei which they had so 
leluctantly yielded to then physician If I may be peimitted 
the luxury of a pun, theie is now an “mtei my cm mtiigue” 
foi the retention of the weapon of dominance 

Though this piessuie may not always altei the mtegnty 
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oi the theiapeutic motivations of the doctoi, it may altei his 
appioach to the tieatment of that paiticulai patient He 
lecogmzes that the patient will ultimately obtain the shot of 
wondei diug somewheie, and thus succumbs to the piessuie of 
the patient’s demands Loss of theiapeutic integiity is co¬ 
incidental with the position he forfeits when he becomes a tool 
buffeted by the whim and fancy of medical ignoiance Hav¬ 
ing fallen into the piessuie tiap of the social use of the 
wondei diugs, he finds it difficult to extucate himself and 
is foiced to peipetuate that initial enoi This is the penalty 
foi giving too gieat impoitance to these diugs and mdoctu- 
natmg the patients m then miraculous misconceptions 

The demands foi a lapid cuie has foiced the doctois into 
competition with each othei and with themselves Speed of 
cuie has become the cutical value in the expansive pude of 
possession of the patient foi “then” pediatucian, “then” ob- 
stetucian, “then” nose and thioat doctoi Speed of lecovery 
always substantiates the magnified enthusiasm that makes 
then doctoi “the chief of the department” 01 “the head of 
the hospital ” To have less than “the chief” is a social dis¬ 
advantage An unimportant doctoi and an unimportant 
disease can be a social handicap m the caste-like system of 
“illnesses ” New theiapy, even when scientifically uncon- 
fnmed, adds special distinction Patients sometimes vie with 
each othei foi the special pnvilege of being an expel imental 
"guinea pig” foi a new antibiotic Theie is nothing moie 
destiuctive to the vanity of the patient than the doctoi’s 
casual statement that “the disease was lelatively ummpoitant 
and would have gone away by itself ” Recently it became a 
sign of social distinction to have had the fust case of im¬ 
ported Asian flu in the community 

Antibiotics do not live by “molds” alone The vn us is 
a sly little fellow that has slowly insinuated himself into the 
piactice of medicine as a subveisive chaiactei His position 
is made secuie by those of us who exploit him to pieseive 
the sanctity of oui tiade unionism The vnus is dead, long 
live the vnus Without him oui inadequacies might be show¬ 
ing The vnus flounshes luxuiiantly on the nutuent medium 
of ignoiance It can always be depended on to extucate us 
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fiom any untenable medical position The vnus is a com- 
f01 table lefuge to explain the unexplainable It seems haidly 
fan to use the antibiotics so injudiciously and pi omiscuously 
to destioy such a valuable ally These two sociological ele¬ 
ments, the vnus and the antibiotics have joined foices and 
become a potent factoi m oui choice of theiapy Many yeais 
ago the magical powei of the sulfonamides was said to cuie 
the fust vnus I evei encounteied Tins was a six-day vnus, 
a slow moving, unimpiessive, undistinguished vnus Next 
came the foity-eight horn vnus, cuied diamatieally with 
penicillin The cuie was fast, the diug was gieatei, the 
doctoi was the gieatest We aie now in the jet piopelled 
two-houi vnus phase, cuied by “my doctoi” with the tuple 
acting wondei diug that contains “god all” Time lecoids 
foi cuie have been bioken with legulanty The cuie now is 
so lapid that the patient baiely has time to complain 

Many tiuths aie interwoven in this appaient facetiousness 

Physicians and patients have been equally lesponsible foi 
distorting the delicate balance of then vital lelationslup 
Patients had been given lemaikably little ciedit foi then 
capacity to undei stand the complexities of then medical 
pioblems, but almost mvanably tins appaient lack of undei - 
standing was based on oui inability to explain, lathei than 
on then inability to compiehend The laity is leceptive to 
unconfused and undistorted medical information They wel¬ 
come piecise explanations of our disci lmmating decisions foi 
01 against specific use of the sulfonamides and antibiotics 
They now appieciate the disadvantages of the unbi idled use 
of any diug, foi they have learned, usually by sad expenence, 
about the side effects and toxic leactions of these diugs 
They have a new and piofound lespect foi the dangei m the 
piomiscuous use of any drug They have come to lealize 
then inadequacy m guiding then own course of theiapy 

Physicians everywheie aie lehnquishing then position as 
a diug giving cult They aie levoltmg against the social 
piessuies of the patients who dictate then own antibiotic 
therapies, but with this levolt comes newel enlightenment 
and lecogmtion that the emotional needs of patients cannot 
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be suppoited by the piomiscuous use 01 abuse of antibiotic 
thei apy 

Feai and anxiety is a constant m the equation of health 
and illness, the evaluation, theiapy, and piognosis of all 
disease must always include its lecognition Foi theie is 
but one yaidstick and one cuteiion by which we can actually 
measuie the intensity, the seventy and duiation of an llluess 
The touchstone that guides us is only the letum of the in¬ 
dividual to complete seiviceabihty and pioductivity Not 
until the individual is totally lehabihtated and letums to 
seive as a functioning part of his home, job and community 
can that individual be considered fiee of his disease The 
cessation of a cough, the ieturn of fevei to noimal, the 
noimal sedimentation late 01 electiocaidiogiaphic findings 
aie never the cntical cntenon of the ieturn to health Foi 
many patients who aie ostensibly cuied fail to take then 
place m society because of the devastating feai that the ill¬ 
ness may soon 1 etum It matters little whethei the individual 
is not seiviceable because he has had a heait attack 01 is 
afiaid that he will have one It matteis little if a man can¬ 
not function because he has a caicmoma of the laiynx 01 
lives in constant feai that he will have one The devitaliza¬ 
tion by feai of impending disease can be infinitely gieatei 
than the disease itself Rehabilitation, reestablishment of 
noimal patterns of living aie the only —yes, the only —way 
that we can determine the efficacy of our theiapeutic ap- 
pioach It becomes evident, theiefoie, that no diagnostic 01 
theiapeutic concept of medicine can be divorced fiom an 
understanding of the psychological ovei tones that mvaiiably 
accompany eveiy disease to which the body is hen 

This hairassed woild cames with it newly conceived feais 
that destioy oui complacency The piactice of medicine 
notes with gi owing concern the mciease m the numbei of 
patients who aie ovei whelmed with feai and anxiety, often 
completely out of piopoition to the seventy of then illnesses 
Mmoi, lelatively insignificant disease seems to catapult pa¬ 
tients into an emotional tailspm by the piopulsive foice of 
then umeasonmg feais 
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Foi many, this feai is fai moie destiuctive than disease 
itself Anxiety seems to dominate then behavioi dui mg and 
sometimes long aftei then illnesses Tins anxiety is not 
chaiactenstic of any one sex, age, occupation, social and in¬ 
tellectual level, 01 ethnic, lehgious and geogiaphic gioup 
The timid, the stoic, the shy and the stahvait seem to be 
equally affected by an oveilay of feai about the illnesses the> 
have, 01 moie often think they have Theie may be vanations 
of the intensity of the anxiety and the ease with winch it can 
be alleviated, but no one appeals to be completely fiee of it 
Patients, childien, adolescents and adults aie afiaid, just 
afiaid' Then feais as well as then illnesses determine how 
quickly and how well they will be leestablished m then schools, 
jobs oi homes 

Feai m itself is an illness The feai that we physicians 
obseive m oui offices is actually a communicable disease It 
is not transmitted by geims oi by vnus It is tiansmitted 
by humans to humans, sometimes unwittingly, sometimes m 
enoi, and sometimes puiposefully Foi “Feai” is big busi¬ 
ness, and is often exploited by piopaganda agencies undei 
the guise of public medical education Feai of all disease, 
feai of heart disease, feai of cancel, feai of tubeiculosis, 
feai of arthutis, feai of cataclysmic destiuction by atom 
bombs, feai of economic upheaval, and now feai of the con¬ 
sequences of smoking, all become a nevei-ending bombaidment 
against oui mnei secunty We have but to note the penalty 
paid by the public duirng then “education” about tobacco, 
Salk vaccine and Asian flu 

Feai is eveiywheie, it is all-pervasive, slowly, delibeiately 
it seeps mto oui physical, emotional and spmtual fibeis To 
paiaphiase Emeison, feai is a cncle whose cn eumfei ence is 
everywhei e, and whose centei is nowheie 

Feai is a foice, feai is an illness, it can altei the destiny 
of those who, by concession to this feai, distort then behavioi 
m lesponse to it It can play havoc with caieeis, social at¬ 
tainments, the lelationship between husband and wife, and 
the lelationship between paient and child 

Feai does not “stand up to be counted,” its gieatest potency 
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lies m being hidden Because it cannot be counted, it is not 
adequately chaited m the statistics of the diseases of man, 
even though it lanks as one of the gieatest thieats to emo¬ 
tional and physical health 

Feai, the pioduct of this hained, fienetic Twentieth Cent¬ 
ury is a sociological phenomenon It activates many m then 
demand fox mnaculous theiapy Uncontiolled it destroys 
the lational xelationship between doctois and then patients 
Feai, as a disease and as an element m all disease, is leadily 
communicated Feai flounshes m epidemic foim and slowly 
insinuates itself into every facet of oui civilization, but like 
all other diseases, feai is vulneiable and yields to its own 
mnacle diugs—hope and couiage, psychologic education and 
freedom fiom ignoiance and supeistition These, too, aie 
wondei agents that aie swinging the pendulum back to theia- 
peutic sanity The wide spectxum of the use of wondei diugs 
must include judicious undeistanding and cutical theiapeutic 
evaluation Social piessuies and piejudices must not dictate 
medical indications 01 specific choice of the “wondei diugs” 
if they aie to suivive m then rightful position as one of the 
gieatest scientific contilbutions to mankind 

162 East Eightieth Street 



IN MEMORIEM 


Gabriel Tucker, M D 
1881-1958 

Di Gabnel Tuckei, a native of Fairmont, W Va, died at 
his home m Rosemont, Pa, Apiil 18, 1958 

The degree of Doctoi of Medicine was gianted to Di Tuckei 
by Jeffeison Medical College in 1905, and he piacticed in 
Pittsbuigh and its envnons until joining the Aimy Medical 
Coips in Woild Wai I, m which he seived abioad at Base 
Hospital 126 

Widely known foi his use of the bionchoscope and foi his 
skill in the lemoval of lung cancels, he became Piofessoi 
Ementus of bi oncho-esophagology at the Umveisity of Penn¬ 
sylvania Giaduate School of Medicine and woiked in the field 
as an associate of Di Chevalier Jackson m the fust bioncho- 
scopic clinic at Jeffeison Medical College Two yeais later 
he was named a charter membei of the bioncho-esophageal 
department upon the establishment of this clime of the 
Pennsylvania Giaduate School of Medicine 

The Gabnel Tuckei Fund foi the department of bi oncho- 
esophagology was established m 1949 at the Giaduate School 
by an anonymous gift of $200,000 

Togethei with Di Chevaliei Jackson he conducted the first 
couise m laryngeal suigery m the Euiopean medical schools 

Di Tuckei was a membei of the Amenean Academy of 
Ophthalmology and Otolaryngology, fiom which he leceived 
the Honoi Awaid m 1955, he was a past piesident of the 
Amenean Laiyngological Association and past secretary and 
chan man of the Section on Laryngology, Rhmology and 
Otology, of the Amenean Medical Association, and was a 
Fellow of the Amenean College of Suigeons 

Surviving aie his widow, three sons and foui grand ehildien 
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SUBCOMMITTEE ON HEARING IN CHILDREN 


The Amencan Academy of Ophthalmology and Otolaiyn- 
gology, thiough its Subcommittee on Heaung in Childien of 
the Committee on Conseivation of Heai mg, has been conduct¬ 
ing a long-teim nationwide study of pioblems 1 elating to the 
conseivation of heaung m childien The specific aims aie to 
develop the most efficient case-finding methods and to use 
these methods m estimating the magnitude of the pioblem in 
the countiy, to study state laws and leview cunent piactices 
and facilities foi lehabilitation of heaung impaiied childien, 
to help develop methods foi medical and suigical rehabilita¬ 
tion standaids, and ultimately to use the Subcommittee find¬ 
ings m assisting professional woikeis to impiove and enhance 
piogiams m heaung loss 

In the second yeai of opeiations, a full-time Executive 
Dnectoi has been engaged, and offices established at the 
Giaduate School of Public Health, Univeisity of Pittsbuigh 
An initial study is being conducted m Pittsbuigh to identify 
eaily medical signs and symptoms which may indicate dangei 
of heaung impaiiment, to measuie the psychological, social 
and othei effects of such impaiiment and to develop efficient 
and economical methods foi the testing of heaung in childien 
The Pittsburgh study is a cooperative effort among the fol¬ 
lowing The Subcommittee on Heaung in Childien, the 
Giaduate School of Public Health and the School of Medicine 
of the Univeisity of Pittsbuigh, the Pittsbuigh Boaid of 
Public Education, and the Allegheny County Department of 
Health 

The membeis of the Subcommittee on Heaung m Childien 
are Di John E Bordley, Baltimoie, Di Vxctoi Goodhill, 
Los Angeles, Di Holhe E McHugh, Monti eal, Di S Rich- 
aid Silveiman, St Louis, and Dr Raymond E Joidan, 
(Chairman) Pittsburgh An advisoiy committee of consult¬ 
ants from the University of Pittsbuigh includes Di Samuel M 
Wishik, Dr Leo G Doerflei, and Di Isidore Altman Giants 
fiom the United States Children’s Bureau thiough the Penn¬ 
sylvania Department of Health and fiom the National In¬ 
stitutes of Health aie providing financial support 
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REINE HUMBIRD MYERS FELLOWSHIPS IN 
AUDIOLOGY AND HEARING SOCIETY 
ADMINISTRATION 

The Amencan Healing Society and its membei agency, the 
St Paul Heaung Society, announce two Reme Humbnd Myeis 
Fellowships foi a two-yeai piogiam of giaduate study at 
Northwestern Univeisity, annual stipend §3,000, foi students 
intei ested in a caieei combining the piofessional and execu¬ 
tive lesponsibilities of Heaung Society woik 

Fellowships aie open only to students who aie acceptable 
to the Giaduate School of Northwestern Univeisity, and who 
intend to take key positions m local Heaung Societies upon 
completion of the Fellowship tiaimng m Admimstiative Pi no¬ 
tices, Agency Pioceduies, Clinical Audiology and Speech 
Pathology 

The piogiam coveis two calendai yeais The sequence of 
study will oidmanly lead to the Mastei of Arts degiee 
Studies include couises m phonetics, basic audiometnc tech¬ 
niques, speechleading, auditory tiaimng, and speech develop¬ 
ment, psychology of deafness, community piogiams m audiol¬ 
ogy, hearing aids and then selection, advanced audiometry, 
anatomy of the heaung and speech mechanisms, punciples of 
speech collection, and elective aieas The piogiam also in¬ 
cludes couises in social woik, plus clinical expenence and field 
activities 

The lesouices of the Giaduate School of Northwestern 
Univeisity aie combined with the educational facilities m 
social woik found m the Chicago aiea Special opportunities 
foi piactical expeilence aie available at the Chicago Heaung 
Society and in clinics maintained by Northwestern Umveisity 

Each candidate must submit to the Amencan Heaung 
Society (a) tianscupts of his academic lecoid, (b) a pei- 
sonal statement descubmg his backgiound and expiessmg his 
piofessional aims and goals, and (c) names of five lefei- 
ences, including at least one college mstiuctoi and one em- 
ployei 01 woik supeivisoi The candidate must also apply 
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foi admission to the Giaduate School of Northwestern Um- 
veisity, and must notify the School of Speech at the Univei- 
sity that he is seeking a Reme Humbnd Myeis Fellowship 


INSTITUTE ON INDUSTRIAL DEAFNESS 

Colby College, Wateiville, Maine, piesents tlie Sixth Annual 
Institute on Industnal Deafness, August 11-20 inclusive 
Please note that the couise has been extended foi thiee days 
m 01 del to include engmeenng foi noise conti ol Its ob¬ 
jective will be to tiam physicians intei ested m the pioblem, 
nuises, plant engmeeis and otheis in initiating and conduct¬ 
ing heaung conservation piogiams m noisy mdustnes The 
couise includes basic otology, audiometiy, noise measuiement, 
eai piotection and methods of noise conti ol Class is limited 
to appioximately twenty paiticipants 

The fee foi the course is $250 and includes tuition, loom 
and boaid The fust week will constitute a complete course 
foi doctois and nuises, and the leduced fee foi this will be 
$200 Application should be made to Mi William A Macom- 
bei, Colby College, Waterville, Maine 



DIRECTORY OF OTOLARYNGOLOGIC SOCIETIES 

(Secretaries of the various societies are requested to keep this 
Information up to date) 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr Erling W Hansen 90 So Ninth SL, Minneapolis, Minn. 
Executive Secretary Dr William L Benedict, Mayo Clinic Rochester, 
Minn 

Meeting Palmer House Chicago, Ill 


AMERICAN BOARD OF OTOLARYNGOLOGY 
Meeting Palmer House, Chicago, Ill 


AMERICAN BRONCHO-ESOPHAGOLOGICAL ASSOCIATION 

President Dr Walter Hoover, 605 Commonwealth Bldg, Boston, Mass 
Vice-President Dr Walter P Work 384 Post St San Francisco Calif 
Secretary Dr F Johnson Putney, 1719 Rittenhouse Square Philadel 
phia. Pa 

Treasurer Dr Verllng K. Hart 106 W 7th St Charlotte, N C 


AMERICAN LARYNGOLOGICAL ASSOCIATION 

President Dr Harry P Schenk 326 S 19th St, Philadelphia 3, Pa. 
Secretary Dr James H. Maxwell, University Hospital Ann Arbor Mich 


AMERICAN LARYNGOLOGICAL, RHINO LOGICAL AND OTOLOGICAL 

SOCIETY, INC 

President Dr Gordon Hoople 1100 E Genesee St, Sjracuse 10 N Y 
President Elect Dr Theo E Walsh 640 So Kingshighway, St Louis 
10 Mo 

Secretary Dr C Stewart Nash 700 Medical Arts Bldg Rochester 7, 
N Y 

Place The Homstead Hot Springs Va^ March, 1959 


AMERICAN MEDICAL ASSOCIATION, 

SECTION ON LARYNGOLOGY, OTOLOGY AND RHINOLOGY 

Chairman Dr Gordon D Hoople, Syracuse N Y 
Vice-Chairman Dr Kenneth L Craft Indianapolis, Ind. 

Secretary Dr Hugh A. Kuhn Hammond Ind. 

Representative to Scientific Exhibit Walter Heck, M.D, San Francisco. 

Section Delegate Gordon Harkness, M.D Davenport Iowa. 

Alternate Delegate Dean Lierle M.D, Iowa City Iowa. 
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AMERICAN OTOLOGICAL SOCIETY, INC 

President Di Moses Lurie, Boston, Mass 
President Elect Dr R C Martin 

Secretary Dr Lawrence R Boies, University Hospitals, Minneapolis 14, 
Minn 

Place The Homestead, Hot Springs, Va,, 1959 

AMERICAN OTORHINOLOGIC SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCTIVE SURGERY 

President Dr Joseph Gilbert, 111 E 61st St, New York, N Y 
Vice-President Dr Kenneth Hinderer, 402 Medical Arts Bldg, Pitts¬ 
burgh, Pa, 

Secretary Dr Louis Joel Peit, 66 Park Ave, New York 16, N Y 
Treasurer Dr Arnold L Caron, 36 Pleasant St, Worchester, Mass 


AMERICAN RHINOLOGIC SOCIETY 

President Dr Russell I Williams, 408 Hynds Bldg, Cheyenne, Wyo 
Secretary Dr Robert M Hansen 1735 No Wheeler Ave , Portland, Ore 
Annual Clinical Session Illinois Masonic Hospital, Chicago, HI, October, 
1958 

Annual Meeting October, 1958, Chicago, Ill (Definite time and place to 
be announced later) 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Trent W Smith, 327 East State St., Columbus 15 Ohio 
Secretary Dr Samuel M Bloom, 123 East 83 St, New York 28, N Y 
Meeting New Yoik, July 16, 1958, December 3, 1958, place to be an 
nounced 

AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampsey, Grant Bldg, Pittsburgh 19, Pa- 
Secretary Treasurer Dr Daniel S DeStlo, 121 S Highland Ave, Pitts 
burgh 6, Pa. 

Annual Meeting Palmer House, Chicago, Ill October 16 17, 1958 

ASSOC1ACAO MED1CA DO INSTITUTO PENIDO BURNIER— 

CAMPINAS 

President Dr Lech Junior 
First Secretary Dr Franco do AmaraL 
Second Secretary Dr J M Quelroz Abreu 
Librarian Treasurer Dr Souza Queiroz 

Editors for the Archives of the Society Dr Guedes de Melo Filbo, Dr 
Antonio de Almeida and Dr Gabriel Pdrto 
Meetings Twice every month, first and third Thursday S 30 PM 

ASOCIACION DE OTORRINOLARINGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 

Presidents Dr Julio Quevedo, 15 Call© Orlente No 5 
First Vlce-Presidente Dr HSctor Cruz, 3a Avenida Sur No 72 
Second Vice-Presldente Dr Josd Luis Escamilla 5a Calle Ponlenta 
No 48 

Secretario-Tesorero Dr Horace Polanco 13 Calle Poniente No 9-D 
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ASOCIACION DE OTO RINO LARINGOLOGia DE BARCELONA, SPAIN 

Presidents Dr J Abello 

Vice-Presidents Dr Luis Sufie Medan 

Secretario Dr Jorge Perell6, 319 Provenza, Barcelona. 

Vice-Secretario Dr A. Pinart. 

Vocal Dr J M Ferrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch, 1039 No Calvert St, Baltimore, Maryland 
Secretary-Treasurer Dr Theodore A. Schwartz 

BUENOS AIRES CLUB OTOLARINGOLOG1CO 

Presidents Dr K. Segre 
Vice-Presidente Dr A. P Belou 
Secretario Dr S A. Araaz. 

Pro-Secretario Dr J M Tato 
Tesorero Dr F Games 
Pro Tesorero Dr J A Bello 

CANADIAN OTO LARYN GO LOGICAL SOCIETY 
SOCIETE CANADIENNE D’OTOLARYNGOLOGIE 

President Dr Robert T Hayes 42 Cobourg St, St John, N B 
Secretary Dr Donald M. McRae 324 Spring Garden Rd Halifax, N S 

CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C Otrich Belleville, Ill. 

President Elect Dr Phil R. McGrath Peoria, Ill 
Secretary Treasurer Dr Alfred G Schultz, Jacksonville, Ill 


CHICAGO LARYNGOLOGICAL AND OTOLOGICAL SOCIETY 

President Dr Stanton A Friedberg, 122 So Michigan Ave Chicago 3, 
I1L 

Vice-President Dr Maurice Snitman, 408 So 5th Ave. Maywood HL 
Secretary-Treasurer Dr Fletcher Austin, 700 No Michigan Ave, Chi¬ 
cago 11 Ill 

Meeting First Monday of each Month October through May 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique G run Aval d S 
Vice-President Dr Agustin Estartus 
Secretary Dr Marcos Chaimovich S 
Treasurer Dr Benjamin Kapkan K 
Director Dr Alberto Basterrica A. 

DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Ludwig A. Michael 3707 Gaston Ave , Dallas, Ter. 
Vice-President Dr Hal W Maxwell 

Secretary Treasurer Dr Edward A Newell, 1511 No Beckley, Dallas 8 
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FEDERACiON ARGENTINA, 

DE 30C1EDADES DE OTORRINOLARINGOLOGIA 

Secretary of the Interior Prof Dr Atilio Viale del CarriL 
Secretary of Exterior Dr Aldo G- Remorino 
Secretary Treasury Prot Dr Antonio Carrascosa. 
Pro-Secretary of the Interior Prof Dr Carlos P Mercandino 
Pro-Secretary of the Exterior Prof Dr Jaime A. del SeL 
Pro Secretary of the Treasury Dr Jorge Zublzarreta. 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M Noubleau, San Salavador 
Secretary-Treasurer Dr Hector R. Silva, Calle Arce No 84, San Salva 
dor, El Salvador, Central America 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Chas C Grace, 145 King St., St Augustine, Fla 
President-Elect Dr Jos W Taylor, 706 Franklin St, Tampa, Fla 
Secretary-Treasurer Dr Carl S McLemore, 1217 Kuhl Ave, Orlando, Fla 


FOURTH LATIN AMERICAN CONGRESS OF 
OTORINOLARINGOLOGIA 

President Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr William B Steinman 
President Elect Dr James H Mendel Jr 
Secretary Treasurer Dr H Carlton Howard 

Meeting Quarterly (March May, October and December), on the second 
Thursday of the month 6 30 PM at Urmey Hotel, Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 
President Dr Jo Ono, Tokyo, Japan. 

Secretary Dr Chevalier L Jackson, 3401 N Broad St, Philadepbia 40 
Pa_, USA. 

Meeting Seventh International Congress of Bronchoesophagology, 
Kyoto, Japan, September, 1958 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H. Steele 
President Elect Dr Dick HI Underwood 

Secretary Dr James T Robison, 4620 J C Nichols Parkway, Kansas 
City, Mo T ^ 

Meeting Third Thursday of November January February and April 

938 



LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


President Dr Sol Rome 
Secretary Treasurer Dr Mai E 


Pohlman. 


Rickard Kratz 
Carrall A. McCoy 
Howard G Gottschalk. 
Robert W Godwin. 


Chairman of Ophthalmology Section Dr 
Secretary of Ophthalmology Section Dr 
Chairman of Otolaryngology Section Dr 
Secretary of Otolaryngology Section Dr 
Place Los Angeles County Medical Association Bldg, 1925 Wllshire 
Bird , Los Angeles Calif 

Time 6 30 P M last Monday of each month from September to June, 
inclusive—Otolaryngology Section 6 30 first Thursday of each month 
from September to June, inclusive—Ophthalmology Section. 


LOUISIANA MISSISSIPPI OPHTHALMOLOGICAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr Fred D Hollowell Lamar Life Bldg Jackson, Miss 
Secretary Dr Bdle\ EL Jones, 1301 "Washington St. Vicksburg Miss 
Meeting Edgewater Gulf Hotel Edgewater Park, Miss Mav 15-16 1959 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary-Treasurer Dr Roland H Myers, 1720 Exchange Bldg, Mem¬ 
phis, Tenn. 

Assistant Secretary-Treasurer Dr William P Hurrah, Jr, Exchange 
Bldg., Memphis Tenn. 

Meeting Second Tuesday in each month at S 00 pun. at Memphis Bye 
Nose and Throat Hospital. 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoide, Mexico, D P 
Vice-President Dr M. Gonzales Ulloa, Mexico, D F 
Secretary Dr Juan De Dios Peza, Mexico D P 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Princeton, Mo 

Secretary Treasurer Dr Harold Swanberg, Quincy, HL 

Assistant Secretary-Treasurer Dr Jacob E Reisch Springfield Ill. 

NETHERLANDS SOCIETY OF OTORHINOLARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundige Vereenlging ) 

President Dr EL Navis Sonsbeekweg 6 Arnhem. 

Secretary Dr W H. Struben, J J Viottastraat 1 Amsterdam. 
Treasurer Mrs P Velleman Rnto Jac Obrechtstr 66, Amsterdam. 


NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

ETesldent Dr J C Peele Kinston Clinic Kinston, N ^ 

Vice-President Dr George E. Bradord, Wln3ton-Salem N C 
Sem-etary-Treasurer Dr J D Stratton, 1012 Kings Drive, Charlotte 7 

Heating 


939 



NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 

President Mr G L Thompson, 16 Ramshill Road, Scarborough, York 
snire 

Vice-President Mr J H Otty, Frizley Old Hall, Frizinghall Road, 
Bradford, Yorkshire 

Secretary and Treasurer Mr R Thomas, 27 High Petergate, York, 
Yorkshire 


OTOSCLEROSIS STUDY GROUP 

President Dr L R Boles, University Hospital Minneapolis, Minn 
Secretary-Treasurer Dr Arthur L. Juers, 611 Brown Bldg, Louisville, 
Ky 

Meeting Palmer House, Chicago, III 


PACIFIC COAST OTO-OPHTHALMOLOGICAL SOCIETY 

President H Leroy Goss, M D, 620 Cobb Bldg, Seattle 1, Washington 
Secretary-Treasurer Homer E Smith, M D, 508 East South Temple, 
Salt Lake City, Utah. 

Meeting 

PAN AMERICAN ASSOCIATION OF OTO-RHINO LARYNGOLOGY 
AND BRONCHO-ESOPHAGOLOGY 
President Dr Jose Gros, Havana, Cuba 

Executive Secretary Dr Chevalier L Jackson, 3401 N Broad St., Phlla 
delphia 40, Pa., U S A. 

Meeting Sixth Pan American Congress of Oto Rhino-Laryngology and 
Broncho-Esophagology 
Time and Place Brazil, 1968 


PHILADELPHIA LARYNGOLOG1CAL SOCIETY 

President Dr Chevalier L. Jackson 

Vice-President Dr John J O’Keefe 
Treasurer Dr Joseph P Atkins 

Secretary Dr Louis E Silcox 

Historian Dr Herman B Cohen 

Executive Committee Dr Harry P Schenck, Dr , Benjamin H Shuster, 
Dr William A. Lell, Dr , William J Hitschler 


PITTSBURGH OTOLOGICAL SOCIETY 

President Dr Bernard L Silverblatt, 3500 Fifth Avenue, Pittsburgh, Pa 
Vice-President Dr Emory A Rittenhouse, 203 Masonic Bldg, McKees 
port, Pa 

Secretary Treasurei Dr John T Dickinson Mercy Hospital, Pittsburgh 
19, Pa 


PORTUGUESE OTORHiNOLARYNGOLICAL SOCIETY 
President Dr Albert Luis de Mendonca 

Secretary Dr Antonio da Costa Quinta, Avenida, de Liberdale 65, 1* 
Lisbon 


PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Clifton E Benson, Bremerton, Wash. 
President-Elect Dr Carl D F Jensen, Seattle Wash 
Secretary Dr Willard F Goff, 1215 Fourth Ave Seattle Wash 
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RESEARCH STUDY CLUB OF LOS ANGELES, INC 

Chairman Dr Orrie R Ghrist, 210 N Central Ave, Glendale, Calif 
Treasurer Dr Norman Jesberg, 500 So Lucas Ave , Los Angeles 17, Calif 
Otolaryngology Dr Russell 11. Decker, 65 N Madison Ave , Pasadena 
1 Calif. 

Ophthalmology Dr Warren A, Wilson, 1930 Wilshire Blvd., Los An¬ 
geles 57, Calif. 

Mid-Winter Clinical Convention annually, the last two weeks In January 
at Los Angeles Calif 

SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA. 

Chairman Dr J R Levine. 

Vice-Chairman Dr Russell Page. 

Secretary Dr James J McFarland 
Treasurer Dr Edward M. O’Brien. 

Meetings are held the second Tuesday of September November, January, 
March and May at 6 30 PAL 
Place Army and Navy Club, Washington, D C 


SCOTTISH OTOLARYNGOLOGICAL SOCIETY 

President E A. M Connal 1 Royal Crescent, Glasgow C 3, Scotland. 
Secretary-Treasurer Dr J F Birrell, 14 Moray Place Edinburgh. 
Assistant Secretary Dr H. D Brown Kelly 11 Sandyford Place Glas 
gow 


SOCIEDAD COLUMBIANA DE OFTALMOLOG1A Y 
OTORRINOLAR1NGOLOGIA (BOGOTA, COLUMBIA) 

Presidents Dr Alfonso Tribin P 
Secretario Dr Felix E Lozano 
Tesorero Dr Mario Arenas A. 


SOCIEDAD CUBANA DE OTO LARIN GO LOG IA 

President Dr Relnaldo de Villiers 
Vice-President Dr Jorge de CArdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA. 

Pre3ldente Dr Frank Canosa Lorenzo 
Vlce-Presidente Dr Julio Sanguily 
Secretario Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 

SOCIEDAD DE OTORRINOLAR1NGOLOGIA ( 
BRONCOESOFAGOSCOPIA DE CORDOBA 

Presidents Dr Aldo Remorino 
Vlce-Presidente Dr Luis E Olsen 
Secretario Dr Eugenio Romero Diaz 
Tesorero Dr Juan Manuel Pradales 

Vocales Dr Osvaldo SuLrez Dr Nondler Asis R., Dr Jorge Bergallo 
Yofre, 
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SOCIEDAD DE OTO-RINO-LARINGOLOGIA, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Salvador Mixco Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M 


SOCIEDAD ESPANOLA DE OTORRINOLARINGOLOGIA 

Presldente Dr D Adolfo Hinojar Pons 
Vlce-Presidente Dr D Jose Perez Mateos 
Secretario General Dr D Francisco MarafiSs. 

Tesorero Dr D Ernesto Alonso Ferrer 


SOCIEDAD MEXICANA DE OTORRINOLARINGOLOGIA 
Havre 7—Desp 82 
Mexico 6, D F 

Honorary President Dr Ricardo Tapia y Fern&ndez 
President Dr Maximo Garcia Castafieda 
Secretary Dr Eduardo de la Parra 
Treasurer Dr Guillermo PSrez Villasante 
Vocal Dr Rafael Paccblano 


SOCIEDAD NACIONAL DE CIRUGIA OF CUBA 

Presldente Dr Reinaldo de Villers 
Vice-Presidente Dr C6sar Cabrera Calderin. 

Secretario Dr Josd Xirau 
Tesorero Dr Alfredo M Petit 
Vocal Dr Josd Gross 

Vocal Dr Pedro Hernandez Gonzalo 


SOCIEDAD OTO RINO-LARINGOLOGIA DE LOS 
HOSPITALES DE MADRID 

Presldente Dr Don Fernando BeltrAn Castillo 
Secretario General Dr Don Alfonso Vassallo de Mumbert 
Tesorero Dr Don Rafael Garcia Tapia. 


SOCIEDAD VENEZOLANA DE OTORRINOLARINGOLOGIA 

Presldente Dr Alfredo Cells Pdrez 
Vice-Presidente Dr Bustamante Miranda. 

Secretario General Dr Jesds Mlralles 
Tesorero Dr M Matheus 

Vocales Dr Perez Velasquez and Dr Wilmer Palacios 

SOCIEDADE DE OFTALMOLOGIA E OTORRINOLARINGOLOGIA DO 
RIO GRANDE DO SUL 

President Dr Paulo Fernando Esteves 
Vice-President Dr Jayme Schilling 
First Secretary Dr Carlos Buede 
Second Secretary Dr MolzSs Sabanl 
First Treasurer Dr Israel Schennan 
Second Treasurer Dr RivadAvia C Meyer 
Librarian Dr Carlos M Carrion 
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SOCIEDAD PANAMENA DE OTORRINOLARINGOLOGIA 

Presidente Dr Manuel Preciado 

First Vice Presidente Dr Alonso Roy 

Second Vice-Presidente Dr Carlos Arango Carbone 

Secretario Dr Marla Esther Villalaz 

Tesorero Dr Rambn Crespo 

SOCIEDADE PORTUGUESA DE OTORRINOLARINGOLOGIA 

E DE 

BRONCO ESOFAGOLOGIA 

Presidente Dr Alberto Luis De Mendonca. 

Vice-Presidente Dr Jaime de Magalhaes 
L° Secretario Dr Antonio da Costa Quinta. 

2 ° Secretario Dr Albano Coelho 

Tesoureiro Dr Jose Antonio de Campos Henrfques 

Vogais Dr Teofllo EsquiveL 

Dr Antonio Cancela de Amorim. 

Sede Aveaida da Liberdade, 65, 1°, Lisboa 

SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President CapL William C Livingood USN (MC) 

Secretary Treasurer LL Col Sanley H Bear M.C, 3810th DSAF Hob 
pita!, Maxwell AFB, Alabama 
Meetmg Palmer House, Chicago, Ill 

SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette, Orangeburg, S C 
Vice-President Dr Robert P Jeanes Easley S C 
Secretary Treasurer Dr Roderick Macdonald, 333 East Main St Rock 
HUI S Car 
Meeting 


SOUTHERN MEDICAL ASSOCIATION, 

SECTION ON OPHTHALMOLOGY AND OTOLARYNGOLOGY 

Chairman Dr V Eugene Holcombe Charleston W Va. 

Chairman Elect Dr G Slaughter Fitz-Hugh Charlottesville Va. 
Vice-Chairman Dr George M Haik, New Orleans, La. 

Secretary Dr Mercer G Lynch New Orleans, La. 

VIRGINIA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Benjamin Sheppard 301 Medical Arts Building, Rich¬ 
mond, Virginia. 

President Elect Dr Emanuel U Wallerstein, Professional Building 
Richmond Virginia 

Vice-President Dr Calvin T Burton, Medical Arts Building Roanoke 
Virginia 

Secretary-Treasurer Dr Maynard P Smith, 600 Professional Building 
Richmond Virginia. 

Meeting 


WEST VIRGINIA ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James K. Stewart Wheeling, W Va. 
Secretary-Treasurer Dr Frederick C Reel Charleston. W Va. 
xVnnual Meeting 
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NOTICE TO CONTRIBUTORS 


The Laryngoscope reserves the nght of exclusive publication 
of all articles submitted This does not preclude their publication 
m Transactions of various Societies 

Manuscripts should be typewritten, double spaced, on one side 
of paper only and with sufficient margins to allow for corrections 

Author’s name and city should appear directly under title on 
first page, street address at end of article 

All prints or photographs to be submitted in black and white, 
m good sharp contrast Good halftones depend upon clear photo¬ 
graphs Line drawings for zincs to be m black and white Colored 
inks or red or blue quadrille rulings will not reproduce 

Refeiences should be complete author’s surname, initials, 
title of article, Journal, volume, page, month, year 

Six illustrations will be furnished for each article without cost 
to author Authors will please limit illustrations to six or assume 
the expense of additional illustrations 

Proofs will be submitted to authors for corrections If these 
are not returned, articles will be published as corrected in this 
office 

Repnnts will be furnished at the following prices 


WITHOUT COVER 



250 

Copies 

500 

Copies 

-I- 

2000 

Copies , 

Four Pages 

$ 19 25 

? 23 00 

? 30 75 

? 44 50 

Eight Pages 

S3 50 

42 75 

58 50 


Twelve Pages 

47 00 

60 75 

86.25 

131 50 

Sixteen Pages 

61 00 

78 75 

98 75 

146 75 

Twenty Pages 

76 00 

96 25 

129 50 

187 25 

Twenty tour Pages 

88 75 

112 50 

150 00 

217 25 

Twenty-eight Pages 

97 50 

123 25 

162 25 

233 50 

Thirty two Pages 

115 00 

139 76 

180 00 

267 00 


WITH COVER 


Four Pages 


? 46 60 

? 61 50 

$ 88 76 

Eight Pages 


66 25 

89 25 

127 25 

Twelve Pages 


84 25 

117 00 

176 75 

Sixteen Pages 


102 25 

129 50 

191 00 

Twenty Pages 

94 00 

119 75 

160 25 

231 50 

Twenty tour Pages 

106 75 

136 00 

180 75 

261 50 

Twenty eight Pages 

115 50 

146 75 

193 00 

277 75 

Thirty two Pages 

133 00 

163 25 

210 75 

311 25 


Express charges will be paid by consignee 
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THE INSTITUTIONS OFFERING EIGHT-NINE MONTHS’ 
COURSE IN BASIC SCIENCE IN OTOLARYNGOLOGY 

LEADING TO 

CERTIFICATION AND HIGHER DEGREES* 


COLLEGE OF MEDICAL EVANGELISTS 

Graduate School of Medicine 
Boyle and Michigan Avenue 
Los Angeles 33, California 


HARVARD MEDICAL SCHOOL 

25 Shattock Street 
Boston 15, Massachusetts 
at Harvard Medical School and 
Manchester Eye and Ear Infirmary 


NORTHWESTERN UNIVERSITY SCHOOL OF MEDICINE 

Evanston, Illinois 


UNIVERSITY OF ILLINOIS COLLEGE OF MEDICINE 

1853 West Polk Street 
Chicago 12, Illinois 


UNIVERSITY OF PENNSYLVANIA 

Graduate School of Medicine 
36th and Pine Streets 
Philadelphia, Pennsylvania 


WASHINGTON UNIVERSITY SCHOOL OF MEDICINE 

Euclid Avenue and Kingshlghway 
St. Louis 10, Missouri 


TULANE MEDICAL SCHOOL 

1430 Tulane Avenue 
New Orleans 12, Louisiana 
at Tulane Medical School and 
Eye, Ear, Nose and Throat Hospital 


NEW YORK UNIVERSITY 

Bellevue Medical Center 
Post-Graduate Medical School 
477 First Avenue 
New York 16, New York 

Basic Sciences In Otolaryngology 
September through June 


•Our subscribers are asked to send us inf or ma tion on other institutions 
giving such courses 
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STAPES OPERABILITY 

Pathological Indications for Mobilization and 
Fenestration Surgery 

J Brown Farrior, M D, 

Tampa, Fla 


In lecent yeais we, as otologists, have learned many tech¬ 
niques for mobilization of the stapes in otoscleiotic deafness 
Thiough one technique 01 anothei, it is now possible to mobi¬ 
lize a veiy high peicentage of stapes Even aftei complete 
mobilization many of these will show a piompt lecurience of 
the deafness, because the pathological involvement was beyond 
the limits of stapes suigeiy As otologists we must learn not 
only the new techniques, but also then pathological limita¬ 
tions 


Initially the technique of the stapes mobilization opeiation 
was mdnect, that is, all piessuies weie applied to 01 thiough 
the head and neck of the stapes With this basic indirect 
technique, piimary heaung improvement was obtained in 
about one-thnd of the cases, and when mobilization was 
technically complete, a high peicentage of these maintained 
the hearing impiovement With this mdnect approach, we 
weie mobilizing only those cases with limited pathological 
involvement, and these pathologically favoiable cases tended 
to maintain then heaung impiovement 


♦Presented at the meeting- of the Southern 
Bological Rhlnological and Otologlcal Societj 


Section of American Lar>n- 
Inc. Memphis Tenn Jan 25 


tFrom Southern Foundation of Better Hearing Tampa Fla. 

Editors Note This manuscript recel\ed in The Ear vnensrone ntf W 
accepted for publication Feb 21 195S ry soacope ofrlce an< * 
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FARRIOR STAPES OPERABILITY 


JToday the mduect approach is laigely leplaced by„a_dnect 
_auxgical attack upon the footplate and the disease piocess 
itself Now the peice ntage of pnmaiy lesults has almost 
tiebled, and is_no longerjimited by the stiehgth of the ciina, 
it^ is_JinntecL.Qnly_ by _ the boldness of the suigeon and a few 
completely mopeiable stapes With chisel~pick s and dulls, 
the enthusiastic suigeon can tempoianly jnobilize most all 
stapes The pnmaiy lesults have mcieased, but the inci¬ 
dence of le-fixation has also multiplied with..this .dnect at¬ 
tack on the extensively diseased stapes 

If we aie to continue to attack these extensively diseased 
stapes and leduce the incidence of le-fixation, we must pio- 
ceed with excavation of the footplate and thejapghcatiomrf 
prosthetic ciuia (Shea 1 ), 01 we, miist declaie moie stapes 
mopeiable Extensive oval window suigeiy may piove to 
Be woith whileTancTis woithy of investigation It may piove 
to be applicable m ceitam types of pathological involvement, 
but theie will lemam specific pathological limitations 

As we appioach the pathological limitations of stapes sui¬ 
geiy (induect, dnect, 01 oval window) we amve at the 
pathological indications foi the fenesti ation opeiation The 
fenestration opeiation has leceived a wide vanety of leputa- 
tions By the eaily 1950s it had leached a standaid of pei- 
fection that pioduced a veiy high peicentage of giateful and 
happy patients, a percentage gieatei than the eai suigeiy of 
1957, howevei, some still judge the f enesti ation opeiation 
by its leputation of the eaily 1940s and legald it only as 
suigery of the last lesort The f enesti ation opeiation is a 
highly reliable and accuiately piedictable opeiation, it ie- 
mams the mastei suigical piocedui e which wil l lestoie woith- 
while and lasting healing impiovement m a high peicentage 
of suitable.cases which aie beyond the pathological limits of 
stapes and oval window suigeiy 

The thesis of this study is that theie aie specific patholog¬ 
ical indications foi stapes suigeiy and specific pathological 
indications foi f enesti ation suigeiy, also, that m stapes 
suigeiy theie aie specific pathological indications foi the 
vanations of the induect and dnect suigical appioach To 
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date otologists have used the chance appioach to stapes sui- 
geiy with the attitude of tiy, and tiy again, and some have 
tended to exclude the fenestiation opeiation until the stapes 
mobilization has failed, and failed again Although we can 
nevei diaw fine lines of diffeientiation on the opei ability of 
the stapes, it is m> hope that an appieciation of the tiemend- 
ous vanations m the pathology of the stapes will lead to an 
undeistanding of the bioadei classifications of the favoiable, 
unfavoiable and mopeiable stapes 

A stapes is called favoiable when the anatomy and pathol¬ 
ogy lend themselves to stapes suigeiy, and when the piognosis 
foi maintained mobilization and heaiing impiovement is good 

A stapes is unfavoiable when it can be mobilized but the 
pathology indicates that the piognosis is guaided A stapes 
is mopeiable when pathologically it cannot be mobilized 01 , 
if mobilized, lefixation is almost ceitam The classification 
is a suigical opinion of the existing anatomy and pathology, 
and is not dependent upon technical success 01 failuie 

At the meeting of the Amenean Academy of Ophthalmology 
and Otolaryngology m Octobei, 1957,1 piesented pielimmaiy 
opinions and classifications of the anatomy and pathology 
of the stapes and then effect upon the opei ability of the 
stapes We aie on the thieshold of defining the opei ability 
of the stapes, based upon the anatomical variations and the 
type of pathological involvement This woik is heie lepub- 
lished with collections, lllustiations, additions and elaboia- 
tions (Fan 101 2a and b) 

STAPES OPERABILITY 

The opei ability of the stapes is dependent upon the type 
of anatomical development and the pathological involvement 
Anatomically the f ootplate of the stapes may be superficial 
oi in a veiy deep niche The fust is most favoiable foi 
mobilization suigeiy, while with the deeply placed footplate 
the cruia tend to become involved in the otoscleiotic piocess, 
making the stapes eithei unfavoiable oi mopeiable foi mobili¬ 
zation suigery 
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Pathologically the otoscleiosis may involve only the antenoi 
edge of the footplate, 01 it may involve vaiymg degiees of 
the footplate, ciuia, 01 even the head and neck of the stapes 
The simple footplate involvement is veiy favoiable foi mobili¬ 
zation suigery, while the complete otosclerotic involvement 
is mopeiable, and is a positive indication for the fenestiation 
opeiation 


CHART i 

Anatomically variations In the depth of the footplate and angulation of 


the crura alter the operability of the stapes (see Figs 1, 2 3) A super 
ficial footplate with upright cruia is the most favorable anatomical de¬ 
velopment for mobilization suigery 

A.—Depth of the Footplate of Stapes 

Operability (Prognosis) 

1 Superficial _ 

2 Moderately superficial 

3 Moderately deep 

4 Deep _ 

_ Favorable 

Less Favorable 
Unfavorable 
Unfavorable 

B—Angulation of Crura 

Operability (Prognosis) 

1 Upright 

2 Downward tilt (free) 

3 Downward tilt (fixed) 

4 Upward tilt 

Most Favorable 
Less Favorable 

_Unfavorable 

Less Favorable 

C — Strength of Crura 

Operability (Prognosis) 

1 Weak Crura 

2 Medium Crura_ 

3 Strong Crura 

4 Atrophic Crura „ 

Vulnerable 
Mod Vulnerable 

_ Invulnerable 

_Inoperable Footplate 


The puipose of this presentation is to demonstiate the 
varying anatomy and pathology of the stapes and, m so doing, 
to define the operability of the stapes 

ANATOMICAL VARIABLES 

The position of the footplate may altei the opei ability of 
the stapes (see Chart I) 

If the footplate of the stapes is veiy superficially placed, 
the otoscleiotic involvement will usually be thm, and theie is 
no anatomical tendency foi the otosclerosis to involve the 
cruia (see Fig 1) If, on the othei hand, the footplate of 
the stapes is m a deep niche, the ciura tend to become tilted 
downwaid and thus easily contact the mfenoi hp of the 
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Fie 1 Anatomicall} when the footplate of the stapes Is superficial)} 
placed and the crura are uprleht the otosclerosis tends to remain localized 
to the let el of the footplate This figure Illustrates a superficial!} placed 
footplate with upright crura and a small focus of circumscribed anterior 
footplate otosclerosis (see Chart I) For stapes surger} this Is the most 
fatorable anatomical dexelopment and pathological Imoliement 


oval window This piedisposes towaid otoscleiotic involve¬ 
ment of one oi both ciuia (see Fig 2), oi complete otosclei- 
otic filling of the oval window niche With a deep footplate, 
the ciuia will occasionally tilt upward to contact the Fallopian 
canal (see Fig 3) As the pathology pi ogi esses the opeia- 
bility becomes unfavoiable to mopeiable 

The stiength of the eiura does not gieatly altei the opeia- 
bihty of the stapes with the dnect suigical attack upon the 
footplate Tiue, if the ciuia aie weak oi fnable this pie¬ 
disposes toward then fracture, but too much piessuie on the 
crura is a suigical enoi rathei than the cause of inoperability 
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Fig 2 Anatomically when the footplate of the stapes Is deeply 
in the oval window niche the crura tend to tilt downward and contact tn 
Inferior lip of the oval window niche This contact predisposes tot'ar 
otosclerotlc fixation of the crura and such crural otosclerosis alters tne 
operability of the stapes (See Chart I) As re-fl\atlon is p r? m 
bt-crural otosclerosis Is pathologically beyond the operable limits 01 
manipulative operations on the total stapes 


Atrophy of the cruia is generally associated with complete 
footplate otoscleiosis which is m itself inoperable Tians- 
lucent led crura aie the most friable while white ciuia will 
withstand the gieatest amount of manipulation As otheis 
may wish to include a classification of cruial stiength, this 
is included m Chart I 


PATHOLOGICAL VARIABLES 
I LOCATION OF OTOSCLEROSIS 

The location and chaiactei of the otoscleiosis gieatly alteis 
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CHART II—PATHOLOGICAL VARIABLES 

The location and extent of the otosclerosis are the most Important 
single factors in determining the operabilit> of the stapes Originally 
I believed that the per cent of involvement of the footplate was the most 
Important factor At the present time I believe that the thickness of the 
otosclerosis and involvement of the crura have the greatest effect on 

operab ility _______ 

A. .Location of Otosclerosis _ Operability 

I Type of Otosclerosis 

1 Circumscribed __ ___ Favorable (see Fig 6c) 

2 Diffuse____ _-Unfavorable (see Fig 6d) 

II Footplate Otosclerosis (Fig 4a b c d) 

1 None_ __ ___Favorable 

2 Anterior Footplate __ _ — _ --- Favorable 

3 Posterior Footplate_-____ Favorable 

4 Superior Marginal _ __-___ Unfavorable 

5 Inferior Marginal_____Unfavorable 

6 1/4 Footplate Involved _ _ _ __ Favorable 

7 2/4 Footplate Involved_ _ _ Less Favorable 

S 3/4 Footplate Involved _Unfavorable (Thick) 

9 Complete Footplate (thin) _Favorable (thin) (see Fig 6a) 

10 Complete Footplate (thick)_Inoperable (thfck) (see Fig 6b) 

III Crural Otoscleiosis (see Fig 5a b c d) 

1 None- - _ _—Favorable 

2 Anterior Crus __ _ _Favorable 

3 Posterior Crus - _ - __ _ __Unfavorable 

4 Bicrural Anterior and Posterior Crura — _ —Inoperable 

5 Apical_- -- _ _Inoperable 

6 Cervical -_______ __Inoperable 

IV Round Window Otosclerosis 

1 Xo Otosclerosis ___ _ __Favorable 

2 Marginal Without Closure _ __ _ _ Favorable 

3 Partial Closure_ ____Unfavorable 

4 Complete Closure_—Inoperable for Either Mobilization 

or Fenestration 


the opeiability of the stapes (see Chait II) Otoscleiosis, 
which alteis opeiability, may involve the footplate of the 
stapes, the ciuia of the stapes, the neck of the stapes or the 
lound window 

The t wo basic types of otoscleiosis aie cncumsciibed a nd 
diffuse—Fowlei 3 Cn cumsci ibed otoscleiosis is m general 
the type which lesponds best to mobilization suigery, pio- 
vidmg the location and anatomy aie favoiable Stapes sur- 
geiy is laiely of lasting value in diffuse otosclerosis which 
extends ovei the entile piomontory Eventually we may 
leam that cn cumsci ibed and diffuse otosclerosis aie separate 
diseases 
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Fig 3 Anatomically when the footplate of tho stupes Is deeply 
In the o\al window niche tho ciura will sometimes till upward to tontot 
the fallopian canul This contact predisposes toward otosclerosis or posu- 
mobUlzution scar fixation between tho crura and tho fulloplan canal 
Chart I) 


Fiom clinical expenence, it seems that cncumsciibed an- 
tenoi footplate otoscleiosis is most favoiable foi mobilization 
suigery (see Fig 4a) Postenoi footplate otoscleiosis is 
equally favoiable, but occuis less fiequently (see Fig 4b) 
Supenoi maigmal (see Fig 4c), and infeiioi marginal (see 
Fig 4d), aie less favoiable, foi they tend to involve the sides 
of the ciuia The degiee of involvement of the footplate is 
significant, and its influence upon opeiability is intimately 
associated with the thickness of the otoscleiosis and ciuial 
involvements Complete otoscleiosis of the footplate may 
still be opeiable as long as the annulus of the footplate ie- 
mains well defined and theie is no ciuial involvement, this 
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a 


b 





c d 


FIs 4 Footplate otosclerosis Circumscribed footplate otosclerosis is 
most fa\orable for stapes mobilization surger} The otosclerosis tends 
to remain at the le\el of the footplate ^\hen the footplate Is superficial 
and the crura do not contact the margins of the o\al window niche An¬ 
terior footplate (see Fig 4b) and superior marginal (see Fig 4c) otoscle¬ 
rosis are present occasionally Inferior marginal (see Fig 4d) otosclerosis 
is frequent, and is usually a continuation posteriori} of anterior footplate 
otosclerosis (see Chart H) 


is found m thm, white otoscleiosis (see Fig 6a) When the 
otoscleiosis is thick enough to obhteiate the annulus of the 
footplate the stapes becomes mopeiable (see Fig 6b) 

Otoscleiosis maj involve one 01 both ciuia, as previously 
stated, ciuial otoscleiosis is most likely to occui in the 
deeply placed footplate with tilted ciuia Antenoi ciuial 
otoscleiosis (see Fig 5a) is favoiable foi mobilization sui- 
geiy, but l e-fixation is likely to occui unless an antenoi- 
ciuiotomy is peifoimed—Fowlei J Postenoi ciuial otosclei- 
osis (see Fig 5b) has not been found as an isolated patholog- 
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b 





c d 

Fig 6 Crural otosclerosis Crural Involvement by the otosclerotic 
process greatly alters the operability of the stapes Anterior crural (see 
Fig Sa) otosclerosis is frequent and is an indication for anterior crurotomj 
and posterior footplate mobilization Posterior crural (see Fig 5b) oto¬ 
sclerosis has not been found as an isolated entity Bl-crural otosclerosis 
is found with some frequency and is associated with inferior marginal 
(3ee Fig 6c) or superior marginal (see Fig 5d) otosclerosis in a deep!) 
placed footplate 


ical entity, but if it does, I should considei a posteiioi- 
cruiotomy 

Bi-ciuial otoscleiosis has occurred m numerous instances, 
most frequently with mfeiioi maigmal otosclerosis (see Fig' 
5c), and occasionally m supeuor maigmal otoscleiosis (see 
Fig 5d) In each instance theie has been 1 e-fixation of the 
stapes aftei successful complete mobilization It is my 
piesent opinion that br-ci uial otoscle rosis is beyond the limits 
of piesent day mobilization surgery, and m the suitable candi¬ 
date is a cleai-cut indication foi the fenestration opeiation 
In some instances the otoscleiotic fixation has extended up 
the ciuia to involve the apex of the two ciuia and the neck 
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c d 

Fig 6 Character of otosclerosis. The thickness and the color (vas- 
cularit> ) of the otosclerosis alter the operability of the stapes Complete 
footplate otosclerosis maj still he operable when thin the annulus is well 
defined and the crura are not involved (see Fig ba) howe\er when the 
otosclerosis of the complete footplate and o\al window niche becomes 
thick enough to obliterate the annulus (see Fig 6b) of the footplate the 
stapes 13 then inoperable. 

Circumscribed white avascular otosclerosis (see Fig 6c) is most favor¬ 
able for stapes surgery while diffuse red vascular otosclerosis (see Fig 
6d) will usually re-fix. even after complete mobilization. 


of the stapes Such apical and cervical jitoscleiosis aie be¬ 
yond the limits of piesent day mobilization suigery 

Bi-ciuial otoscleiosis, with an aiea of normal 01 neaily 
normal footplate, may piove to be the type of pathology that 
i\ill lespond to mobilization 01 excavation of the footplate 
vnth oi without leplacmg the crura (le-cruial 01 de-crmal) 

Complete otosclei otic closure of the lound window is a 
contla-mdicatioh to mobilization 01 fenestiation suigery 
With a paitial 01 almost complete closure of the lound wm- 
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dow the patient can still obtain maximum benefits fiom 
suigeiy, howevei, the long teim prognosis is not favoiable 
Round window closure has occuired independent of stapes 
fixation, howevei, m most instances theie is associated un¬ 
fa voi able 01 mopeiable pathology of the stapes (diffuse 
otoscleiosis, see Fig 6d) 


CHART III—PATHOLOGICAL VARIABLES 

The otosclerosis may be thin or thick, white or led, depending upon 
the activity and vascuiaiity Chcumsciibed thin white otoscleiosis of 
the anteiioi footplate is most favoiable for stapes suigeiy, while diffuse 
thick red vascular otoscleiosis is inoperable ______ 


Character of Otosclerosis 


Operability 

V Thickness of Otoscleiosis of Stapes and Oval 

Window (see Fig 6a and b) 

1 Vety Thin 

2 Thin _ 

3 Model ately Thick 

4 Thick 


Favorable 
Favorable 
Unfavorable 
„ Inoperable 

VI Coloi of Otoscleiosis (see Fig 

6c and d) 


1 White 

2 Nearly White 

3 Pink 

4 Red 

- 

Favoiable 

Favorable 

Unfavorable 

Inoperable 


V Thickness of Oval Window Otosclerosis of the Stapes 

The thickness of the otosclerosis alteis the opei ability of 
the stapes (see Charts III-V) Thin cucumsciibed otosclei- 
osis is most favorable foi mobilization surgeiy, while thick 
diffuse otoscleiosis is the most unfavorable As pieviously 
stated, as long as the maigm of the annulus of the footplate 
is not obhteiated by the disease and the ciuia aie fiee, the 
opeiability is leasonably favorable (see Fig 6a), howevei, 
when the otoscleiosis thickens to obliterate the annulus oi 
fill the oval window, the stapes becomes mopeiable (see Fig 
6b) This is most fiequent m diffuse otoscleiosis In such 
cases, theie is no need to jeopaidize mnei eai function with 
excessive footplate suigeiy when the existing pathology is 
beyond the limits of stapes suigeiy, piesent oi futuie 

VI Coloi of Otosclei osis 

The opeiability of the stapes vanes with the coloi of the 
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otoscleiosis (see Charts III-VI) White (avasculai) otosclei- 
osis (see Fig 6c) is most favoiable foi lasting lesults in 
mobiliz atio n su igery.-, while . in led (vasculai) otoscleiosis 
(see Fig 6d) mobilization can be accomplished, but theie is 
almost uniform 1 e-fixation The vasculai lty and opei ability 
may vaiy fiom white, to off-white, to pink, to led Again, 
if on a pathological basis the piognosis is most unfavoiable, 
it is absuid to persist m an opeiation wheie at best theie 
will be a tiansient impiovement, and where excessive suigery 
might lesult in cochleai damage 

THE AUDIOGRAM AND THE LOCATION OF THE OTOSCLEROSIS 

Worthy of note is the effect of otoscleiotic involvement 
upon the audiogram 

Antenoi footplate and antenoi ciuial otosclerosis tend to 
present a flat or ascending an conduction-audiogram with 

“ nearly normal bone conduction As the..fixation of the foot- 

plate pi ogi esses the" Carhart 5 notch develops It has long 
been taught that loss of high tones indicates complete foot¬ 
plate fixation Lhave seen a numbei of cases with flat.audio- 
giams and complete footplate fixation, but the flat audio- 
giam_ persistsjmTy as long as good stiong fiee crura are 
transmitting vibi ations to the fixed footplate When the 
sides of both cruia become fixed, and they aie no longei 
capable of transmitting to the footplate, then theie is loss of 
the high tones (2,000, 4,000 and 8,000), and piogiession of 
the Caihait notch, with _dimmution_of the an bone gap at 
2,000 This has occuired when ciuial fixation was associated 
~with complete footplate fixation, but, of greatei significance 
is the fact that this has occuired, in combined maigmal and 
bi-ciural otosclerosis when the opposite half of the footplate 
was a perfectly normal tianslucent blue, that is, incomplete 
footplate fixation but complete loss of ciuial tiansmission 
Subject to subsequent statistical study, it is my piesent clin¬ 
ical opimon that the audiogiam tends to lemam flat and 
speech discrimination good as long as stiong fiee cruia aie 
transmitting vibi ations to the footplate, even though the 
footplate itself is completely fixed 
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dow the patient can still obtain maximum benefits fiom 
suigery, howevei, the long teim piognosis is not favoiable 
Round window closuie has occuned independent of stapes 
fixation, howevei, m most instances theie is associated un¬ 
fa voi able 01 inopeiable pathology of the stapes (diffuse 
otosclei osis, see Fig 6d) 


CHART III —PATHOLOGICAL VARIABLES 

The otosclei osis may be thin or thick, white or red, depending upon 
the activity and vasculaiit> Ciicumscribed thin white otosclei osis o! 
the anteiioi footplate is most favoiable foi stapes suigery, while diffuse 
thick led vascular otosclei osis is inopeiable 


Character of Otosclerosis 

Operablllt' 

V Thickness of Otosclei osis of Stapes and Oval 
Window (see Fig 6a and b) 


1 Veiy Thin 

2 Thin 

3 Mode lately Thick 

4 Thick 

Favorable 
Favorable 
„ Unfavorable 
Inoperable 

VI Color of Otosclei osis (see Fig 6c and d) 

1 White 

2 Nearly White 

3 Pink „ 

4 Red „ _ 

Favoiable 
Favoi able 
Unfavorable 
Inoperable 


V Thickness of Oval Window Otosclerosis of the Stapes 

The thickness of the otosclei osis alteis the opei ability of 
the stapes (see Charts III-V) Thm cncumscubed otosclei - 
osis is most favorable foi mobilization surgery, while thick 
diffuse otosclei osis is the most unfavoiable As previously 
stated, as long as the maigm of the annulus of the footplate 
is not obliterated by the disease and the cruia aie fiee, the 
opeiability is reasonably favorable (see Fig 6a) , howevei, 
when the otosclerosis thickens to obliterate the annulus oi 
fill the oval window, the stapes becomes inopeiable (see Fig 
6b) This is most fiequent m diffuse otosclei osis In such 
cases, theie is no need to jeopardize inner eai function with 
excessive footplate suigeiy when the existing pathology is 
beyond the limits of stapes suigeiy, present or futuie 

VI Coloi of Otosclerosis 

The opeiability of the stapes vanes with the color of the 


FARRIOR STAPES OPERABILITY 


959 


otosclerosis (see Charts III-VI) White (avasculai) otosclei- 
osis (see Fig 6c) is most favorab le foi lasting lesults in 

mobiliza tion suigerv_whilein led (vascular) otoscleiosis 

(see Fig 6d) mobilization can be accomplished, but theie is 
almost unif orm 1 e-fixation The vaseulanty and opei ability 
may vary from white, to off-white, to pink, to led Again, 
if on a pathological basis the piognosis is most unfavorable, 
it is absurd to persist m an operation where at best theie 
will be a transient improvement, and wheie excessive suigery 
might result m cochleai damage 

THE AUDIOGRAM AND THE LOCATION OF THE OTOSCLEROSIS 

Worthy of note is the effect of otoscleiotic mvolvement 
upon the audiogiam 

Antenoi footplate and antenoi crural otosclerosis tend to 
piesent a flat 01 ascending air conduction audiogram with 
~neaily normal bone conduction Asrthe.Jjxatiom of the foot- 
plate p rogre ss es the Carhart* notch develops It has long 
been taught that loss of high tones indicates complete foot¬ 
plate fixation Lhave seen a number of cases with flat audio¬ 
grams and complete footplate fixation, but the flat audio¬ 
giam persists only as long as good stiong free crura are 
transmitting vibrations to the fixed footplate When the 
sides of both crura become fixed, and they are no longei 
capable of transmitting to the footplate, then there is loss of 
the high tones (2,000, 4,000 and 8,000), and progiession of 
the Caihart notch, with _dinunutiQii_of_the air bone gap at 
2,000 This has occurred when crural fixation was associated 
with complete footplate fixation, but, of greatei significance 
is the fact that this has occurred, in combined maiginal and 
bi-ciural otosclerosis when the opposite half of the footplate 
was a perfectly normal translucent blue, that is, incomplete 
footplate fixation but complete loss of cruial transmission 
Subject to subsequent statistical study, it is my piesent clin¬ 
ical opimon that the audiogram tends to lemam flat and 
speech discrimination good as long as strong fiee crura are 
transmitting vibrations to the footplate, even though the 
footplate itself is completely fixed 
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This association of the type of otoscleiotic involvement and 
the high tone loss does not apply to an independent nerve 
deafness—Fanioi 0 For example, when theie is an independ¬ 
ent neive loss foi the high tones from one cause (acoustic 
tiauma, presbycusis, etc), and the patient has otoscleiosis, 
causing the loss of low tones, the association of high tone loss 
with piogiession is not tiue This type of independent high 
tone loss does not indicate alteration m the operability of the 
stapes 


CHART IV —MISCELLANEOUS PATHOLOGY 

Stapes suigery lias revealed a never ending list of miscellaneous lesions 
which will produce or complicate an otosclerotic type of deafness This 
classification is presented for the accumulation of sta tistical data _ 

VII—Mucous Membrane Webs 
VIII —Fibrous Adhesions 
IX—Abnormalities of Footplate 
X.—Abnormalities of Anterior Crus 
XI —Abnormalities of Posterior Ci us 
XII—Abnormalities of Stapedius 

XIII —Abnormalities of Incus 

XIV —Abnormalities of Malleus 
XV —Systemic Diseases 


The cases of combined oval and lound window closuie have 
been severely deaf, and audiometrrcally have shown only a 
little lesidual air conduction and bone conduction foi the 
lowei tone frequencies, however, such an audiogram does not 
always indicate round window closuie 

MISCELLANEOUS PATHOLOGY 

By clinical observation under the opeiating micioscope we 
aie discovering a nevei ending list of miscellaneous lesions 
(see Chait IV), which will simulate the otoscleiotic type of 
deafness or will altei the opei ability of the stapes In the 
past oui knowledge of the variables of otosclerosis has been 
limited to a relatively small numbei of autopsy specimens— 
Fowlei, 3 Ruedi," Guild, 8010 Eggston and Wolfe, 11 Lindsey, 13 
and otheis Today, with the opeiating micioscope, and pho¬ 
tographic slides of the surgical pathology, the opportunity to 
learn about the pathology and audiology of otoscleiosis is 
gieatly mci eased 
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As otologists leam the detail of the pathology of otosclerosis 
we add to this nevei ending list of miscellaneous pathological 
entities and leam the significance of minute variations m 
middle eai anatomy and pathology Mucous membiane webs 
ovei and around the stapes aie a fiequent occurrence, and do 
not greatly alter the operability of the stapes I used to 
destroy these mucous membiane webs to obtain greater 
visibility of the stapes, howevei, I believe this results m 
gieatei post-opeiative seal formation, and at piesent prefer 
to opeiate thiough or aiound these webs Dense seal tissue 
does alter the opei ability of the stapes, the opei ability vary¬ 
ing with the amount and location of the scai tissue, where 

CHART V—PATHOLOGICAL COMBINATIONS 

The operability of the stapes is determined by the combination of the 
anatomical and pathological variables The following are in general the 
order of frequency of these combinations 

r Anterior footplate. 

2 Anterior footplate anterior crural 

3 Anterior footplate anterior crural inferior marginal 

4 Anterior footplate anterior crural inferior marginal posterior crural 

5 Anterior footplate anterior crural, superior marginal 

6 Anterior footplate anterior crural superior marginal, posterior 
crural. 

7 Complete footplate thin 

8 Complete footplate thick. 


possible, I lemove oi shunt these fibious adhesions, but be¬ 
lieve that adhesions tend to recur as they do elsewheie m the 
body 

Schuknecht has reported a case of fixation of the stape¬ 
dius tendon Odess leports a case of malleable incus All of 
us have seen fixed ossicles m congenital deformities, infec¬ 
tions and m arthntis I have one case with laige blue foot¬ 
plate with appaient congenital absence of the annulus of the 
footplate Tins list of miscellaneous pathology will nevei be 
complete, and all oddities should be leported The list of 
miscellaneous pathology is presented as a basic classification, 
to which unusual cases can be added 


ACCURATE DIAGNOSIS AND CLASSIFICATION 

Any statistical leportmg of results of mobilization surgery 
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This association of the type of otoscleiotic involvement and 
the high tone loss does not apply to an independent nerve 
deafness—Famoi 6 Foi example, when there is an independ¬ 
ent neive loss foi the high tones fiom one cause (acoustic 
tiauma, piesbycusis, etc), and the patient has otoscleiosis, 
causing the loss of low tones, the association of high tone loss 
with piogiession is not tiue This type of independent high 
tone loss does not indicate alteration m the opeiability of the 
stapes 


CHART IV—MISCELLANEOUS PATHOLOGY 

Stapes surgerj has revealed a never ending list of miscellaneous lesions 
which will produce or complicate an otosclerotic type of deafness This 
classification is presented for the accumulation of statis tical data 

VII—Mucous Membrane Webs 
VIII—Fibrous Adhesions 
IX.—Abnormalities of Footplate 
X—Abnoi malities of Anterioi Crus 
XI —Abnormalities of Posterior Crus 
XII—Abnormalities of Stapedius 
XIH —Abnormalities of Incus 
XIV—Abnormalities of Malleus 
XV —Systemic Diseases 


The cases of combined oval and lound window elosuie have 
been seveiely deaf, and audiometncally have shown only a 
little lesidual air conduction and bone conduction foi the 
lowei tone frequencies, however, such an audiogiam does not 
always indicate round window closure 

MISCELLANEOUS PATHOLOGY 

By clinical observation undei the opeiatmg micioscope we 
aie discoveung a nevei ending list of miscellaneous lesions 
(see Chart IV), which will simulate the otoscleiotic type of 
deafness 01 will altei the opei ability of the stapes In the 
past oui knowledge of the vanables of otoscleiosis has been 
limited to a relatively small numbei of autopsy specimens—- 
Fowlei, 3 Ruedi,' Guild, 8810 Eggston and Wolfe,” Lindsey, 12 
and otheis Today, with the opeiatmg micioscope, and pho¬ 
tographic slides of the suigical pathology, the opportunity to 
learn about the pathology and audiology of otoscleiosis is 
greatly mcieased 
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m the thiee dimensional photogiaphs and, finally, the clin¬ 
ical comments on suigical technique and suigical judgment 

The 3-D photogiaphs aie taken fiom the position of the 
opeiatoi, sitting behind the patient looking into the middle 
eai The incus is the key anatomical landmaik, the pathol¬ 
ogy will be descnbed m 1 elation to the mcus fust, antenoi 
to the incus (aiound the antenoi cius and footplate), and 
second, postenoi to the mcus fiom supeuoi to mfeiioi (left 
to light) Foi clanty of piesentation all eais aie piesented 
as light eais 


OUTLINE OF ILLUSTRATIVE CASES 

Intioductonj Cases Case 1—Ideal Pathology, Case 2— 
Inopeiable Otoscleiosis, Cased—Bilateial Otoscleiosis, Case 
4—Fibious Adhesions 

Anatomical Positions Case 5—Downwaid Tilt, Case 6— 
Upwaid Tilt, Case 7—Upwaid Tilt with Fixation, Case 8— 
Fallopian Canal Otoscleiosis 

Auial Otoscleiosis Case 9—Antenoi Ciural Otoscleiosis, 
Case 10—Supeuoi Bi-ciuial Otoscleiosis, Case 11—Infenoi 
Bi-ciuial Otoscleiosis 

Chaiactei of Otoscleiosis Case 12—Pink Otoscleiosis, Case 
13—Thm complete footplate otoscleiosis, Case 14—Thick 
complete footplate otoscleiosis, Case 15—Inopeiable Oto- 
scleiosis oval and lound window 

Post-Mobilization Pathology Case 16—Post-mobilization 
fibious, Case 17—Piobable technical mobilization failuie, 
Case 18—Pnmaiy stapes failuie fiom unfavoiable pathology, 
Case 19—Pnmaiy stapes failuie, inopeiable thick footplate 

Fenestiation Continuity Case 20—Footplate mobilization 
attempted (thick footplate) , Case 21—Unfavoiable stapes 
pathology 


INTRODUCTORY CASES 
Case 1 SR—2S2 F—Ideal Patholog} 

Diagnosis 

1 Otosclerosis circumscribed anterior footplate (1/4) thin white 
favorable 
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should be based upon the type of anatomical development and 
the type ol pathology piesent Only by such a basic classi 
fieation can we leani which opeiations, and which techniques, 
will give lasting lesults in individual pathological cucum- 
stances This classification of the anatomy, pathology of 
otosclciosis and miscellaneous pathology is pieseiited as we 
begin to define the operability of tiie stapes, degiees of in¬ 
volvement aie outlined foi coding statistics The vanablcs aic 
many, and the opeiability is detei mined by the combinations 
of the anatomical and pathological vanables (see Chart V) 
This classification should be changeable, othei contnbutois 
should make suggestions and conections, and the opinions 
on operability of the stapes will naturally vaiy from ycai to 
yeai as we learn new techniques and new limitations Cei- 
tamly the diagnosis “otosclciosis" alone is inadequate foi 
study and futuic lefeience The diagnosis should include a 
doscuption ot the anatomical and pathological findings, and 
should be complete as 

1 Otosclciosis, cucumscnbed, thin, white, anteiioi foot¬ 
plate, 3/4 blue, infciioi maigmal, favoiable 

2. Stapes, fixed, deep, dowinvaid tilt 
Round window, normal, webs 

U Heaung, flat audiogiam, 45 db loss, an-bone gap 35, 
good speech disci mnination, good candidate 

ILLUSTRATIVE CASES 

This study is based upon a senes of tlnee-dimensional 
photogiaphs of the suigical pathology of the stapes. Moie 
than 850 pliotogiaphs have been taken in a seiios of 147 con¬ 
secutive opeiations foi otosclciosis The expelloncos me 
based upon a senes of 32(> mobili/ations and 724 fenesUa- 
tions—a total of moie than 1,000 opeiations The pathology 
found m selected cases is hoiom desenbed in detail to illus- 
tiate the effect of the vanablo pathology on the open ability 
of the stapes 

With each illustiative case will bo given, fast the detailed 
diagnosis, second, the descnption of the suigical pathology 
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Comments 

In bilateial otoscleiosis the anatomy and pathology ot the 
stapes axe similax in type, though they may vaiy in degiee 

In this minimal pathology mobilization was attempted by 
mdnect piessuie on the incus, howevei, when the posteiioi 
ci us began to ledden, indicating an impending tractuie, a 
dnect attack was made upon the antenoi footplate and com¬ 
plete footplate mobilization obtained 

Case 4 SR—254 Von V—Adhesions and Otoscleiosis 
Diagnosis 

1 Otosclerosis, clrcumscrihed, thin white nnterloi footplate with 
thick fibrous adhesions 

2 Stapes fixed upright strong crura. 

3 Round window normal 
Description ot 3 D Photograph 

This is a fatorable stapes complicated b\ white fibrous adhesions 
A Anterior to the incus 

1. Thin, white otosclerosis fixes the anterior margin of the foot 
plate. 

P Posterior to the incus, from superior to inferioi are 

1 The normal Fallopian canal 

2 An area of superficial blue footplate 

3 The anterior portion of the footplate is cotered b> white fibrous 
adhesions, the posterior 1/2 of the footplate is normal blue 

4 The posterior crus is strong and upright 
o The round window is normal 

Comments 

Fibious adhesions limit the opeiability of the stapes 

In this case with thin, white antenoi footplate otoscleiosis 
and antenoi footplate adhesions tlieie was piompt l e-fixation 
of the stapes Subsequently, an antenoi eiuiotomy and pos- 
tenoi footplate mobilization weie peifoimed, giving a lasting 
result 


ANATOMICAL, POSITIONS 
Case 5 SL—255-V—Downward Tilt. 

Diagnosis 

1 Otosclerosis, circumscribed, white anterior footplate footplate 
3/4 blue 

2 Stapes deep footplate downward tilt of crura no posterior crural 
fixaUon unfatorable 

3 Round window normal 
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2 Stapes, fixed, superficial uptight 

3 Round window normal 

Description of 3 D Photogroph (Fig 1) 

A Anterior to the incus theie is an aiea of thin white footplate 
otosclei osis, the otosclerosis does not involve the anterior crus 
P Posterior to the incus, from supeiior to inferioi, aie 

1 The normal Fallopian canal 

2 The normal tianslucent easilj seen supeificial footplate of the 
stapes 

3 The upright free strong posterioi crus of the stapes 

4 The stapedius tendon 

5 The normal round window 

Comments 

This stapes, with limited pathological involvement of the 
footplate, was mobilized with the mdnect appioach by pies- 
suie on the incus The lesult was lasting 

Case 2 SL—214-MM —Inoperable Diffuse Otosclerosis 
Diagnosis 

1 Otosclerosis, diffuse red footplate (3/4), bi crural inoperable 

2 Stapes fixed, deep, downwaid tilt 

3 Round window closing neatly complete 
Description of 3 D Photograph (more than Fig 6d) 

A. Anterior to the incus 

1 Red vascular otosclerosis involves the entire anteiior crus to 
the apex of the cruia 

2 The promontory is covered with red vascular otosclerosis 
P Posterior to the incus, from superioi to inferior are 

1 The normal Fallopian canal 

2 A very deep footplate of the stapes, almost invisible 

3 There is a downward tilt of the posteiioi crus with posterior 
crural otosclerosis 

4 There is almost complete closure of the round window 

Comments 

Mobilization was easily accomplished by piessuie on the 
mcus, howevei, in thick, red bi-ciural otosclei osis of a deep 
stapes with downwaid tilt of the ciuia, the mobilization was 
of transient value In almost complete round window closuie 
m active otosclei osis, fenestiation would be of transient value, 
and I have advised against fenestration suigeiy because of 
the emotional instability of the patient 

Case 3 SL—283 F—Bilateral Otosclerosis 
Diagnosis and description 

This is the left ear of Case 1 the diagnosis anatomy and pathologj 
are almost identical (see Fig 1) 
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Comments 

In bilateial otosclerosis the anatomy and pathology of the 
stapes aie similai in type, though they may vary m degiee 

In this minimal pathology mobilization was attempted by 
indiiect piessuie on the incus, however, when the postenoi 
ci us began to ledden, indicating an impending fiactuie, a 
dnect attack was made upon the antenoi footplate and com¬ 
plete footplate mobilization obtained 

Case 4 SR—254 Von V —Adhesions and Otosclerosis 
Diagnosis 

1 Otosclerosis circumscribed, thin, white anterior footplate with 
thick fibrous adhesions 

2 Stapes fixed, upright strong crura. 

3 Round window normal 
Description of 3 D Photograph 

This is a favorable stapes, complicated by white fibrous adhesions 
A, Anterior to the incus 

1. Thin, white otosclerosis fixes the anterior margin of the foot 
plate 

P Posterior to the incus from superior to Inferior are 

1 The normal Fallopian canaL 

2 An area of superficial blue footplate 

3 The anterior portion of the footplate Is covered by white fibrous 
adhesions the posterior 1/2 of the footplate is normal blue. 

4 The posterior crus is strong and upright. 

5 The round window is normal 

Comments 

Fibious adhesions limit the opei ability of the stapes 

In this case with thin, white antenoi footplate otoscleiosis 
and antenoi footplate adhesions theie was piompt le-fixation 
of the stapes Subsequently, an antenoi cnuotomy and pos- 
tenor footplate mobilization weie pei formed, giving a lasting 
result 


ANATOMICAL POSITIONS 
Case 5 SL—255-N —Downw ard Tilt. 

Diagnosis 

1 Otosclerosis circumscribed, white anterior footplate footplate 
3/4 blue 

2 Stapes deep footplate downward tilt of crura, no posterior crural 
fixation unfavorable 

3 Round window normal 
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This is an operable but unfavorable stapes with a deep footplate 
and downward tilt of the crura. 

Description of 3 D Photograph (see Fig 2) 

A Anterior to the incus 

1 There is circumscribed anterior footplate otosclerosis 
P Posterior to the incus, from superior to inferior, are 

1 The normal Fallopian canal 

2 The normal blue translucent footplate deeply placed in the oval 
window niche 

3 The downward tilt of the posterior crus brings it into contact 
with the inferior lip of the oval window niche This approxima 
tion makes the posterior crus susceptible to otosclerotic fixation 
by the adjacent otosclerotic involvement (Similar to Fig 2 with 
otosclerosis extending posteriorly adjacent to but not fixing 
posterior cius) 

Comments 

At present this patient has a good lesult which should last 
unless theie is otosclerotic involvement of the postenoi cius 

Case 6 SR—213 A —Upward Tilt 
Diagnosis 

1 Otosclerosis, circumscribed, thin, white, anterior footplate, foot 
plate not seen 

2 Stapes fixed very deep, uptilt of crura, contacting Fallopian 
canal 

3 Normal round window 

This is an operable but anatomically unfavorable stapes 
Description of 3 D Photograph 
P Posterior to the incus, from left to right are 

1 The normal Fallopian canal 

2 The footplate of the stapes is not visible but in a narrow deep 
niche 

3 There is marked upward tilt of the crura so that the neck of 
the stapes is in contact with the Fallopian canal (similar to 
Fig 3 with no otosclerosis on Fallopian canal) 

4 The round window Is normal 

Comments 

This stapes mobilized easily with piessuie on the incus 
The deep footplate with upwaid tilt of the ciura makes the 
piognosis guaided m this now successful mobilization (see 
next case) Although anatomically unfavoiable, the lesult 
has lasted because theie was no ciural involvement 

Case 7 SR—269 L—Upward Tilt Footplate Mobilization and Re-AppHca 
tlon of Crura. 

Diagnosis 

1 Otosclerosis diffuse bi-erural and cervical, with fixation to Fat 
lopian canal and obliteration of 1/2 of footplate 
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2 Stapes fixed, very deep inaccessible footplate upward tilt. 

3 Round window patent but marginal otosclerosis 

This is an extensive unfavorable otosclerosis 

Description of 3 D Photograph 
A Anterior to the incus there is 

1 Red otosclerotic Imoivement of the promontort 
P Posterior to the incus from superior to inferior are 

1 Otosclerosis of the Fallopian canal 

2 Otosclerotic fixation between the Fallopian canal and the neck of 
the stapes (Cervical otosclerosis—more than Fig 3) 

3 Red vascular otosclerosis of the promontorj 

4 Normal round window 

5 Footplate of the stapes is so deep that it is invisible, the re¬ 
sultant upward tilt of the crura predisposed toward the oto¬ 
sclerotic fixation of the neck. 

Comments 

The red vasculat otoseleiotic fixation between the Fallopian 
canal and the neck of this deeply placed stapes, with upwaid 
tilt and fixation of both ciuia, makes this an mopeiable 
stapes by cuuently accepted mobilization techniques As tins 
54-yeai-old male piesented So db loss and was not suitable 
foi fenestiation suigery, the footplate of the stapes was in¬ 
vestigated The ci ui a of the stapes weie fiactuied and le- 
tiacted downward to expose the footplate (The antenor 
footplate, antenoi ciuial, mfeiioi marginal and postenor 
cruial otoscleiosis weie moie extensive than Fig 5c) Ap¬ 
proximately one-half of the footplate was noimal blue Tins 
cential poition of the footplate was mobilized with the chisel 
The lemnant of the stapes still attached to the incus was 
swung back into position ovei the mobile cential poition of 
the footplate This operation was done on September 10, 
1957 On Febiuary 7, 1958 (5 months post-opeiative), the 
patient still poossessed a 42 db healing impiovement to the 
43 db healing level 

Such bi-cruial otoscleiosis is beyond the limits of accepted 
methods of mobilization surgeiy, and as previously stated, 
lequired some type of oval window suigery with oi without 
the application of prosthetic ciuia 

Shea advocates excavation of the oval window and the ap- 
lication of a vein giaft and piosthetic ciura or re-application 
of a um-pod stapes 
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This is an. operable but unfavorable stapes with a deep footplate 
and downward tilt of the crura 

Description of 3 D Photograph (see Fig 2) 

A Anterior to the incus 

1 There is circumscribed anterior footplate otosclerosis 
P Posterior to the incus, from superior to inferior, are 

1 The normal Fallopian canal 

2 The normal blue translucent footplate deeply placed in the o\al 
window niche 

3 The downward tilt of the posterior crus brings it into contact 
with the inferior lip of the oval window niche This approxima 
tion makes the posterioi crus susceptible to otosclerotic fixation 
by the adjacent otoscleiotic involvement (Similar to Fig 2 with 
otosclerosis extending posteriorly adjacent to but not fixing 
posterioi crus) 

Comments 

At present this patient has a good lesult which should last 
unless theie is otoscleiotic involvement of the postenoi cius 

Case 6 SR—213 A —Upward Tilt 
Diagnosis 

1 Otosclerosis, circumscribed, thin, white, anteiior footplate, foot 
plate not seen 

2 Stapes fixed, very deep, uptilt of crura, contacting Fallopian 
canal 

3 Normal round window 

This is an operable but anatomically unfavorable stapes 
Description of 3 D Photograph 
P Posterioi to the incus, from left to right are 

1 The normal Fallopian canal 

2 The footplate of the stapes is not visible but in a narrow deep 
nicbe 

3 There is marked upward tilt of the ciuia so that the neck of 
the stapes is in contact with the Fallopian canal (similar to 
Fig 3 with no otosclerosis on Fallopian canal) 

4 The round window is normal 

Comments 

This stapes mobilized easily with piessuie on the incus 
The deep footplate with upwaid tilt of the ciura makes the 
piognosis guaided m this now successful mobilization (see 
next case) Although anatomically unfavoiable, the lesult 
has lasted because theie was no ciuial involvement 

Case 7 SR—269 D—Upward Tilt Footplate Mobilization and Re-Applica 
tlon of Crura. 

Diagnosis 

1 Otosclerosis diffuse, bi crural and cervical with fixation to Fal 
lopian canal and obliteration of 1/2 of footplate 
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Comments 

In thick, white antenoi footplate and antenoi ciuial oto- 
scleiosis, the piognosis is favoiable, with Fowlei’s antenoi - 
cruiotomy and complete postenoi footplate mobilization of 
the stapes 

Case 10 SR—283 SS —Superior Bl-Crural Otosclerosis 
Diagnosis 

1 Otosclerosis, circumscribed red, thick, superior marginal bi- 
crural, inferior 1/2 of footplate blue 

2 Stapes fixed footplate deep crura upright, 

3 Round window normal 

Description of 3 D Photograph 

P Posterior to the incus, from superior to inferior are 

1 The normal Fallopian canal 

2 Red vascular otosclerosis along the entire superior margin of 
the footplate replacing the annulus, fixing the length of the 
footplate and fixing the superior edge of the anterior and 
posterior crus and filling the superior 1/2 of the oval window 
niche (Fig od) 

3 The inferior half of the footplate is normal translucent blue 

4 The inferior margin of the annulus is normal 

5 The round window Is normal 

Comments 

It is easy enough to mobilize such a stapes, but theie is 
usually piompt 1 e-fixation with thick, ted supenoi maigmal, 
bi-ciuial otoscleiosis Audiometi ically, this bi-ciui al oto¬ 
sclerosis shows a sloping au-conduction curve with loss of 
high tones 

Because of the maiked nan owing of this deep oval window 
niche, and the fact that this 22-year-old female is suitable 
for fenestiation suigery, I have advised against furthei oval 
window surgery, and have encouiaged the patient to have a 
fenestiation opeiation 

Case 11 SL—225-1IH —Inferior Bi Crural Otosclerosis 
Diagnosis 

1 Otosclerosis circumscribed white anterior footplate inferior 
marginal bt-crural 3/4 of footplate blue unfavorable 

2 Stapes fixed deep footplate downward tilt of crura 

3 Round window normal 
Description of 3 D Photograph 

A. Anterior to the incus there is 

1 A wide area of white anterior footplate and anterior crural 
otosclerosis 
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As m this case, at the piesent time, I feel that such oval 
window surgery should be reseived for those cases which aie 
no longei suitable for the fenestiation opeiation 

Case 8 SR—308—Fallopian Canal Otoscleiosls 
Diagnosis 

1 Otosclerosis ciieumscnbed, red, Fallopian canal to anterior 
crus, footplate normal 

2 Stapes fixed, upright, deep 

3 Round window normal 
Description of 3 D Photograph 

P Posterior to the incus from left to right aie 

1 The Fallopian canal 

2 On the inferior bolder of the Fallopian canal there is a red 
prominence of otosclerotic bone projecting downward to fix the 
superior surface of mid portion of the anterior crus (Similar to 
Fig 3 but not localized to anterior crus) 

3 Deep to the bony prominence there is a noimal blue, deepl) 
placed footplate 

4 The posterior crus and stapedius tendon aie not involved 

5 The chorda tympanl nerve and round window are normal 

Comments 

The superior otoscleiotic fixation external to a normal foot¬ 
plate is lare Because of the antenoi ciuial fixation an 
antenoi cruiotomy was attempted, howevei, m the piocess 
the stapes was completely mobilized, making ciuiotomy im- 
piacticable At present, the hearing is good 

CRURAL OTOSCLEROSIS 

Case 9 SR—272—Anteilor Cruial Otoscleiosls 
Diagnosis 

1 Otosclerosis, circumscribed, thick pink anteiioi ciural, footplate 
3/4 blue favorable 

2 Stapes fixed, moderate superficial upright, strong crura. 

3 Round window normal 

Description of 3 D Photograph (Less than Fig 4a) 

A Anterior to the incus 

1 Thick white otosclerosis surrounds the anterior footplate and 
anterior crus 

P Posteiior to the incus from superior to inferior are 

1 The normal Fallopian canal 

2 A moderately deep uninvolved area of the footplate of the stapes 

3 A strong free, upright posterior crus 

4 A noi mal round w indow 
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3 Upright crura which do not touch the margins of the oval win 
dow (similar to Fig 3 without contact) 

4 Pink otosclerosis extending over the promontorv (similar but 
less than 6d) 

5 Patent round window with marginal round window otosclerosis 

Comments 

In geneial re-fixation is piompt m such pink otoscleiosis 
however, this case has maintained hearing improvement 
This lasting improvement piobably occuned because the cruia 
of the stapes were upright, and were not involved m the oto- 
sclerotic process In stapes suigery it is the possible combina¬ 
tions of favorable and unfavorable anatomy and pathology 
which determine operability (see Chart V) 

Case 13 SL—247 A —Complete Thin Footplate Otosclerosis 
Diagnosis 

L Otosclerosis circumscribed thin white, complete footplate an 
nuius discernable 

2 Stapes fixed superficial crura upright, free 

3 Round window normal. 

Description of 3 D Photograph 

P Posterior to the incus from left to right, are 
1. The normal Fallopian canal 

2 The footplate Is superficial and complete)v replaced by the oto- 
sclerotic process The margins of the footplate are thin so that 
the annular margin of the footplate is visible superiorly and In¬ 
teriorly (see Fig 6a) 

3 The crura are strong upright and do not contact the margins of 
the oval window 

4 The round window is normal 

Comments 

This appeared to be an inoperable footplate, howevei, with 
manipulation at the annulus with the chisel, complete foot¬ 
plate mobilization was obtained, and the patient has a lasting 
hearing improvement 

Six months post-operatively, this patient states that her 
heainng has remained good, and the audiogram shows a 30 
db hearing impiovement to the 25 db level 

Case 14 SL-237-S —Thick Complete Footplate Otosclerosis 

Diagnosis 

1 Otosclerosis diffuse red thick, complete footplate with filling 
of the oval window niche 

2 Stapes fixed deep footplate crura free 
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P Posteiior to the incus, fiom supeiioi to infeiioi, me 

1 The normal Fallopian canal 

2 An aiea of noimal blue footplate deeply placed in a narrow 
niche 

3 The noimal superior and inferior maigins of the footplate 

4 The downward tilt of the ciura biings the cruia into contact 
with the infeiior lip of the oval window theie is white oto- 
sclerotlc fixation of the inferioi bordei of the posterioi crus (we 
Fig 6c) 

5 The lound window is noimal 

Comments 

This bi-ciuial fixation of the deeply placed stapes with 
downwaid tilt of the ciuia is, to me, beyond the limits of our 
piesent day mobilization suigeiy In this case, and others, 
l e-fixation has been piompt This is the type of case which 
might lespond to mobilization of the footplate combined with 
an antenoi and postenoi ciuiotomy, and eithei the mseition 
of some type of non-osteogenic piosthetic cun a, oi a Type 
IV tympanoplasty As the case is clinically suitable, I have 
advised a fenestiation opeiation 

CHARACTER OF OTOSCLEROSIS—COLOR AND THICKNESS 

The coloi of the otoscleiosis is dependent upon the vascu- 
lanty and the activity of the otoscleiotic piocess, the cncum- 
scubed white, inactive otoscleiosis is difficult to mobilize, 
but does not tend to 1 e-fix, while the led vasculai otosclerosis 
is easy to mobilize but tends towaid piompt ie-fi\ation 

White, neaily white, and led otoscleiosis has been lllus- 
tiated by pievious cases 

Case 12 SL—263 H—Diffuse Pink Otoscleiosis 

Diagnosis 

1 Otosclerosis, diffuse, pink anterioi footplate unfavoiable 

2 Stapes fixed deep, upright, ci urn not fixed 

3 Round window, patent, marginal otoscleiosis 

Description of 3 D Photograph 

A Anterior to the incus 

1 There is pink otosclerosis fixing the anterior footplate and ex 
tending over the promontory 

P Posterior to the Incus from superior to Inferior, are 

1 Pink otosclerosis Involving the Fallopian canal 

2 A deeply placed almost Invisible footplate 
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3 Upright crura which do not touch the margins of the oval win 
dow (similar to Fig 3 without contact) 

4 Pink otosclerosis extending over the promontory (similar but 
less than 6d) 

5 Patent round window with marginal round window otosclerosis 

Comments 

In genet al t e-fixation is piompt m such pink otoscleiosis 
howevei, this case has maintained hearing impiovement 
This lasting impiovement probably occuned because the crura 
of the stapes wei e upright, and were not involved in the oto- 
scleiotic piocess In stapes surgery it is the possible combina¬ 
tions of favorable and unfavoiable anatomy and pathology 
which determine operability (see Chart V) 

Case 13 SL—247 A —Complete Thin Footplate Otosclerosis 
Diagnosis 

1 Otosclerosis circumscribed thin white complete footplate an 
nulus discernable 

2 Stapes fixed superficial crura upright, free 

3 Round window normal 
Description of 3 D Photograph 

P Posterior to the incus from left to right are 

1 The normal Fallopian canal 

2 The footplate is superficial and completely replaced by the oto- 
sclerotlc process The margins of the footplate are thin so that 
the annular margin of the footplate is visible superiorly and In¬ 
teriorly (see Fig 6a) 

3 The crura are strong upright and do not contact the margins of 
the oval window 

4 The round window is normal 

Comments 

This appealed to be an mopeiable footplate, however, with 
manipulation at the annulus with the chisel, complete foot¬ 
plate mobilization was obtained, and the patient has a lasting 
hearing impiovement 

Six months post-opeiatively, this patient states that hei 
healing has lemamed good, and the audiogiam shows a 30 
db healing impiovement to the 25 db level 

Case 14 SL-237 S —Thick Complete Footplate Otosclerosis 

Diagnosis 

1 Otosclerosis, diffuse red thick, complete footplate with filling 
of the oval window niche 

2 Stapes fixed deep footplate crura free 
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P Posterior to the incus, from superior to inferior, are 

1 The normal Fallopian canal 

2 An area of normal blue footplate deeply placed in a narrow 
niche 

3 The normal superior and inferior margins of the footplate. 

4 The downward tilt of the crura brings the crura into contact 
with the inferior lip of the oval window' there is white oto- 
sclerotic fixation of the inferioi border of the posterior crus (see 
Fig 5c) 

5 The round window is normal 

Comments 

This bi-ciural fixation of the deeply placed stapes with 
downwai d tilt of the ci ura is, to me, beyond the limits of our 
present day mobilization surgery In this case, and others, 
l e-fixation has been piompt This is the type of case which 
might respond to mobilization of the footplate combined with 
an antenor and postenoi ciurotomy, and eithei the inseition 
of some type of non-osteogemc piosthetic ciuia, oi a Type 
IV tympanoplasty As the case is clinically suitable, I have 
advised a fenestration operation 

CHARACTER OF OTOSCLEROSIS—COLOR AND THICKNESS 

The color of the otoscleiosis is dependent upon the vascu- 
lanty and the activity of the otoscleiotic piocess, the cucum- 
senbed white, inactive otoscleiosis is difficult to mobilize, 
but does not tend to re-fix, while the red vasculai otoscleiosis 
is easy to mobilize but tends towaid piompt i e-fixation 

White, nearly white, and led otoscleiosis has been iHu s ' 
trated by pievious cases 

Case 12 SL—263 H —Diffuse Pink Otosclerosis 

Diagnosis 

1 Otosclerosis diffuse pink anterior footplate, unfavorable 

2 Stapes fixed deep upright crura not fixed 

3 Round window, patent, marginal otosclerosis 

Description of 3 D Photograph 

A Anterior to the incus 

1 There is pink otosclerosis fixing the anterior footplate and ex 
tending over the promontory 

P Posterior to the incus, from superior to inferior, are 

1 Pink otosclerosis Involving the Fallopian canal 

2 A deeply placed almost invisible footplate 
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dow closure Had the oval window not been completely closed, 

I would have pioceeded with the fenestration operation 

POST-MOBILIZATION PATHOLOGY 

Re-fixation of the stapes, 01 primary mobilization failuies, 
may result fiom either technical 61 pat holo gical-causes Re¬ 
fixation of the stapes may lesult fiom inadequate suigery, 
but more fiequently re-fixation occuis m unfavoiable or 
inoperable anatomical and pathological cn cumstances This 
is the cause for le-fixation aftei complete mobilization In¬ 
adequate suigery includes incomplete mobilization, and failure 
to do an antenor-ciuiotomy in anterior crrnal otosclerosis 

Primary mobilization failuies may result from inexpert 
suigery, or impiopei suigical attack, more frequently, pri¬ 
mary failuies~bccur to the reasonably competent suigeon, be¬ 
cause the pathology piesent was beyond the limits of stapes 
mobilization surgery A primary mobilization failuie of 
inexpert surgery may convert a thoroughly opeiable stapes 
into an unfavorable or mopeiable stapes 

^ Re-operation on the stapes is raiely indicated because of 
probable primary unfavoiable pathology and secondary scar 
formation Re-operation on the stapes is indicated only 
when the pnmary pathology and anatomy were found to be 
favorable Re-operation on the stapes should never be pei- 
formed as a “solo” operation, for too often the re-opeiated 
stapes is found to be inoperable, theiefoie, in le-operation 
of the stapes one should be prepared to do a “fenestration m 
continuity” should the stapes piove to be pathologically in¬ 
operable 

Case 16 SR—65-FR —713 EF 
Diagnosis 

L Post mobilization fibrosis seiere 

2 Otosclerosis circumscribed anterior footplate anterior crural. 

3 Stapes fixed deep footplate downward tUt 

4 Round window normal. 

DescnpUon of 3-D Photograph 

Tins is a post-operative mobilization pnmary failure in which we 
are performing a fenestration operation and have exposed the 
entire incus 
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3 Round window normal 
Description of 3 D Photograph 
P Posterior to the incus, from supenor to inferior, are 

1 A normal Fallopian canal 

2 A deeply placed footplate completely covered with thick, red, 
vascular otosclerosis which fills the oval window niche to apex 
of the crura of the stapes (see Fig 6b) 

3 The round window is normal 

Comments 

Thick, red, complete footplate otoscleiosis is mopei able and 
is a pathological indication foi the fenestiation opeiation 
I do not believe that oval window suigery will evei be applic¬ 
able when the otoscleiosis is so thick that the maigins of the 
footplate are obliteiated, and theie is no lemaimng noimal 
footplate 

When exploration levealed the above descubed pathology, 
the opeiation was discontinued and a fenestiation advised 
It is not necessary to fracture the cruia, oi to duve a chisel 
into the footplate, to know that mobilization would be a 
failuie 

Case 16 FL-718 B —Inoperable Otosclerosis, Oval and Round Window 

Diagnosis 

1 Otosclerosis, diffuse, red, anterior footplate inferior marginal, 
bi-crural, promontory, oval window 

2 Stapes fixed, deep footplate, downward tilt 

3 Round window, complete closure 
Description of 3 D Photograph 

P Posterior to the incus from superior to inferior, are 

1 The normal Fallopian canal 

2 A very deep, almost occluded footplate of the stapes 

3 Downward tilt of the crura of the stapes, with complete oto 
sclerotic fixation of one-half of the posterior crus (worse than 
Fig 6d with complete round window closure) 

4 Red, vascular, otosclerosis of the promontory 

6 Complete silt like closure of the round window 

Comments 

A primary fenestiation was advised because of the positive 
Schwartze sign, but suigery was discontinued when exploia- 
tion levealed the complete lound window closure A fenes¬ 
tiation may be of value if even a fiaction of the lound window 
is patent A healing aid is indicated in complete lound win- 
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stapes surgery m tlie fust eai, I advise a fenestiation on this 
ear before explonng tlie stapes on the opposite ear If the 
pathology was favorable in the tnst eai and the mobilization 
was a failuie foi technical leasons, a mobilization is pei- 
foimed on the opposite ear 

Case is SL—276-FL—721-MD—Unfavorable Stapes 
Diagnosis 

IPO 3tapes primary failure 

2 Otosclerosis circumscribed interior footplate interior crural, 
inferior marginal posterior footplate, footplate 1/5 blue 

3 Stapes, footplate deep, crura downward tilt fractured bound 
with adhesion 

4 Round window normal 
Description of 3 D Photograph 

1 The incus scar tissue and crura of the stapes hate been reamed, 
exposing the oral window niche and footplate, from superior to 
inferior are 

1 The ampulla of the horizontal canal 

2 The Fallopian canal 

3 The deeplj placed footplate of the stapes showing anterior and 
posterior footplate otosclerosis involving the stumps of the crura. 
The circumscribed white otosclerosis extends onto the promon 
torj for about 1 mm (more than Fig 5c) 

Comments 

Tlie stapes mobilization was a piunaiy failuie because of 
the ciuial and footplate otoscleiosis Because of the small 
central aiea of blue footplate (1/5) some might advise exca¬ 
vation of the oval window and the application of piosthetic 
crura As a secondaiy operation, in a suitable candidate, I 
piefei the moie reliable and piedictable fenestration 

Some suigeons justify multiple stapes operations on the 
patient’s temporary objections to a fenestration Unless tlie 
secondaiy suigical pioceduie is reasonably piedictable, I ad¬ 
vise a hearing aid 

Case 19 SL— 99 FT, —720-EK.—Inoperable Footplate 
Diagnosis 

IPO stapes prlmarv failure 

2 Otosclerosis diffuse thick pink, complete footplate annulus ob¬ 
literated crura atrophic 

3 Stapes fixed superficial crun upright weak no fibrosis 

4 Round window normal 
Descroptlon of 3 D Photograph 

1 A fenestration Is being performed the incus has been remoted 
from superior and inferior are 
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P Posterior to the incus, from supeiior to inferior, are 

1 The Fallopian canal covered with scar tissue 

2 Firm fibrous adhesions occlude the view of the deep footplate 
of the stapes and bind the stapes and stapedius tendon to the 
Fallopian canal and Incus to the chorda tympani nerve tympanl 
membrane and promontory 

Co-mments 

These fibious adhesions of a deeply placed stapes, with 
downwaid tilt of the ciuia, make this an mopeiable stapes and 
is a pathological indication foi the fenestiation opeiation 

Case 17 S—67 F—715 A—Piobable Technical Failuie 
Diagnosis 

IPO mobilization, re-fixation 

2 Otosclerosis anterioi footplate anterior crural, inferior marginal 
firm fibrous adhesions 

3 Stapes fixed, deep, downward tilt 
Description of 3 D Photograph 

P The incus has been dislocated from superior to inferior are 

1 The ampulla of the hoilzontal canal 

2 The Fallopian canal 

3 The deeply placed footplate 

4 Downward tilt of the posterior and inferior crus of the stapes 
otoscleiosis fixing 1/2 of the anterior crus (see Fig 5a) 

5 Fibrous adhesions fixing the stapes 

Comments 

This i e-fixation of the stapes is piobably a technical fail¬ 
ure, foi the patient has a good mobilization on the opposite 
ear, and m bilateial otoscleiosis the pathology in the two eais 
is similai Antenor ciuiotomy may have pi evented re¬ 
futation In the opposite ear, the patient has maintained a 
30 db heaimg impiovement to the 15 db level foi IB months 
In the opeiated eai undei discussion the patient obtained a 
25 db gam to the 30 db level with piompt loss of the gain 
As the secondary anatomy and pathology weie unfavoiable, 
a fenestiation was perfoimed yielding a 35 db gam to the 
20 db level 

In cases that have had stapes mobilization on both eais, if 
they have obtained one good lesult they are anxious to have 
a fenestration on the opposite eai, howevei, if both mobiliza¬ 
tions have been a failuie, they aie reluctant to tiy any furthei 
surgery If the pathology is found to be unfavoiable foi 
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A fenestration is peifoimed m continuity when the pathol- 
ogy is found to be beyond the limits of mobilization suigeiy 
The decision to perfoim a fenestiation m contmmty is based, 
not upon the blmd audiometnc failuie, but upon the rnicio- 
scopic fact that the footplate is not mobile, and that the 
pathology is beyond the limits of stapes suigeiy 

Case 21 FR—717 BS —Unfavorable Stapes 
Diagnosis 

1 Otosclerosis white circumscribed antenoi footplate anterior 
crural inferior marginal posterior crural unfavorable 

2 Stapes fixed deep downward tilt. 

3 Round window normal. 

Description of 3 D Photograph 

A. The incus has been disarticulated, from superior to inferior are 

1 The ampulla of the horizontal canal 

2 The normal Fallopian canal 

3 The deeph placed footplate of the stapes 

4 There is a downward tilt of both crura white otosclerosis is 
seen to involve one-third of the anterior crus extend along the 
entire inferior margin of the footplate and involve the posterior 
crus (see Fig 5c) 

Comments 

When exploiatory tympanotomy levealed tins unfavoiable 
pathology we pioceeded with a “fenestiation m continuity” 
without attempting mobilization The patient and the oper¬ 
ating staff had been previously piepaied, because of the 
sloping au-conduction audiogiam with the dispi oportionate 
loss of high tones It would have been easy enough to mobilize 
this stapes, but m my piesent clinical opinion, the lesult 
would have been temporary, because of the bi-ciuial oto- 
scleiosis 

Some surgeons advise that a stapes mobilization should 
always be tiled fust A thesis of this study is that tins tual 
and failuie appioacli should be leplaced by sound suigieal 
judgment, based upon the clinical mteipietation of the exist¬ 
ing pathological cn cumstances 


u-- CLINICAL COMMENTS 

1 Stapes mobilization is the operation of choice in early 
and model ate ciicumscnbed otoscleiosis 
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1 The ampulla of the horizontal canal 

2 The Fallopian canal 

3 The footplate of the stapes is completely replaced by thick, pink, 
otosclerosis with obliteration of the annulus, there is no scar 
formation 

4 The crura are atrophic 

6 The round window is normal. 

Comments 

At the piimary mobilization the ciuia of this mopeiable 
stapes weie fractuied This thick footplate is beyond the 
opeiable limits of any known type of oval window suigery 
The fenestiation was performed with a 26 db gam to the 
22 db level 


FENESTRATION IN CONTINUITY 
Case 20 FR—710 H—Inoperable Stapes 

Diagnosis 

1 Otosclerosis, circumscribed, complete footplate, white, flat, 1+ 
thick, annulus upright, strong 

2 Stapes fixed, superficial footplate, crura upright, strong 

3 Normal round window 

Description of 3 D Photograph 
P Posterior to the incus from superior to Inferior aie 

1 The normal Fallopian canal 

2 The footplate is broad, white, superficial, with the annulus a 
most obliterated (between Fig 6a and b) 

3 The posterior crus is strong and upright 

4 The round window is normal 

Comments 

Because of the seventy of the deafness (80 db ), a fenes- 
tiation was advised, anticipating an mopeiable stapes When 
the exploiatory tympanotomy levealed the anatomically favoi- 
able strong upright cruia, and the anatomically favoiable 
superficial footplate with white otoscleiosis, efforts weie 
made to mobilize the footplate, even though theie was com¬ 
plete footplate otoscleiosis with beginning obhteiations at 
the annulus The chisel was used completely aiound the 
annulus of the footplate, but the footplate could not be mobi¬ 
lized A fenestiation was perfoimed m continuity, with ie- 
sultant 37 db gam 

In other instances, I have piepaied foi a fenestiation and 
done a mobilization when the stapes pi oved to be operable 
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11 Complete otoscleiosis of the footplate may still piesent 
a flat audiogram if theie is no ciuial fixation, at least until 
the otoscleiosis becomes too thick 01 the ciuia too weak to 
transmit sound 

12 Bi-ciui al otosclerosis with lound window closuie is 
mdicated clinically by the very seveie associated “nerve” loss 

RE-FIXATION AND SECONDARY SURGERY 

13 Re-fixation of the stapes may lesult fiom inadequate 
suigery 

1U Most instances of l e-fixation of the completely mobi¬ 
lized stapes lesult fiom unfavoiable suigical anatomy and 
suigical pathology 

15 Re-opeiation on the stapes is mdicated only m the 
presence of the most favoiable anatomy and pathology, and 
piimary incomplete mobilization 

16 Re-opeiation on the stapes is contia-mdicated m un¬ 
favoiable anatomy and pathology, unfavoi ability includes 
both the pi unary otoscleiosis and the secondaiy post-mobiliza- 
tion cicatiization 

17 At the present tune, m clinically suitable cases, I favor 
the fenestiation opeiation ovei antenoi and postenoi cruiot- 
omy, and mobilization of the footplate alone or excavation of 
the footplate and the application of piosthetic ciuia 

18 Many stapedial footplates aie so involved that they can¬ 
not be mobilized oi excavated, and aie an unequivocal indica¬ 
tion foi the fenestration opeiation in clinically suitable cases 

19 Adequate exposure and adequate magnification aie ad¬ 
vocated to 

1 Give maximum opportunity foi vaiied suigical attack on 
the variable anatomy and pathology of the stapes 

2 To determine the pathological limitations of the stapes 
surgery 

3 To determine the pathological indication foi fenestiation 
suigery 
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2 In bilateial otosclerosis the anatomy and pathology of the 
stapes aie similar m type, though they may vaiy m degiee 

3 If the stapes mobilization on the fust eai leveals favor 
able suigical pathology and favoiable suigical anatomy, a 
mobilization is advised on the opposite eai 

4 If the stapes mobilization has been primallly successful 
in the piesence of unfavoiable pathology, the patient is ad 
vised of these findings and that he will piobably need a 
tenestiation While the healing is still good and the moiale 
high, he is given a tentative date foi the subsequent fenestia- 
tion (intei val about thiee months) 

5 (a) If the fust stapes mobilization was a failuie, the 
surgical pathology is unknown, and the opeiated eai is the 
pooiei eai, a fenestiation opeiation is advised on this eai 
(see secondaiy mobilization suigeiy) 

(b) If at the time of the fenestiation, examination ie- 
veals that the stapes was piimanly opeiable, subsequently a 
stapes mobilization is peifoimed on the opposite eai 

6 If the fust stapes mobilization is a failuie, the suigical 
pathology unknown, and the unopeiated eai is the pooiei eai, 
an exploiatoiy tympanotomy is done on the unopeiated ear 
and a mobilization or fenestiation done, depending upon the 
pathological findings 

7 A positive Schwaitze sign is piobably a contia-indication 
to mobilization suigery, ceitamly it is a conti a-indication to 
a “solo” mobilization 

8 In mobilization surgery ciuial otoscleiosis is an indica¬ 
tion foi ciuiotomy to prevent i e-fixation 

9 Bi-ciuial otoscleiosis is piobably a contia-mdication to 
mobilization suigery, although m the severely deaf some im- 
piovement may lesult fiom antenoi and postenoi ciuiotomy 
and mobilization oi excavation of an opeiable footplate, with 
oi without the application of piosthetic ciuia 

10 Bi-ciuial otoscleiosis is believed to be indicated clin¬ 
ically by otosclerotic loss of the high tones 
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SUMMARY 

1 Theie aie specific pathological indications foi stapes 
suigeiy and theie aie specific pathological indications for 
fenestiation suigery 

2 The opei ability of the stapes is based upon the type of 
anatomical development, the degiees of pathological involve¬ 
ment and the possible combinations of these vanables 

3 Theie is often a dnect con elation between the seventy 
of the deafness, the pathological involvement and the opeia- 
bihty of the stapes 

4 A basic classification of the anatomy and pathology is 
piesented, degrees of involvement aie piesented foi coding 
of anatomy and pathology and the classification of suigical 
results 

5 Any classification of Jesuits of stapes suigeiy should be 
based upon the type of anatomical development, and the type 
of pathological involvement In this way we will ultimately 
define the opei ability of the stapes 

6 Cunent opinions aie expiessed lelative to the favoiable, 
unfavoiable, and inoperable stapes, based upon the anatomical 
development and pathological involvement 

7 The variable opei ability of the stapes is descnbed m a 
series of lllustiative cases 

8 The stapes mobilization opeiation is a leliable surgical 
proceduie m favorable anatomical and pathological cncum- 
stances 

9 Stapes surgeiy has enough advantages to make it worthy 
of a tiial m less favorable anatomical and pathological cn- 
cumstances 

10 The fenestiation opeiation is indicated when the ana¬ 
tomical development and pathological involvement axe beyond 
the limits of leasonably piedictable stapes suigeiy 

11. If the stapes suigeon strives to obtain the maximum 
peicentage of pnmary mobilization lesults m all types of 
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pathological involvement, he will jeopaidize the functions of 
many inner eais with little gam in the peicentage of cases 
with lasting healing improvement We aie learning the 
limits of successful mobilization surgeiy 

12 TJnfavoiable pathology is the most fiequent cause for 
1 e-fixation aftei complete stapes mobilization 

IS Incomplete stapes mobilization oi inexpert suigery 
may convert an opeiable stapes into an inoperable stapes 

lk Re-opeiation of the stapes is raiely indicated unless 
the first suigery levealed favoiable pathology and the mobili¬ 
zation was incomplete 

15 Tiue, the mopeiability of the stapes cannot be detei- 
mmed without microscopic inspection of the pathology, but 
mopeiability may be suspected if theie is a positive Schwartze, 
a high tone loss, oi if the patient is very liaid of hearing (50 
db oi moie) 

16 The inopeiable stapes is a firm pathological indication 
for the fenestiation operation m a clinically suitable case 
Inoperability of the stapes mav result fiom extensive oto- 
scleiosis, vascular otoscleiosis, post-mobilization cicatrization, 
adhesive processes, oi a combination of these, with unfavoiable 
anatomical development 
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SUMMARY 

1 Theie aie specific pathological indications foi stapes 
suigeiy and theie aie specific pathological indications for 
fenestiation suigery 

2 The opei ability of the stapes is based upon the type of 
anatomical development, the degiees of pathological involve¬ 
ment and the possible combinations of these vanables 

S Theie is often a dnect con elation between the seventy 
of the deafness, the pathological involvement and the opeia- 
bility of the stapes 

h A basic classification of the anatomy and pathology is 
piesented, degiees of involvement aie piesented foi coding 
of anatomy and pathology and the classification of suigical 
lesults 

5 Any classification of results of stapes suigeiy should be 
based upon the type of anatomical development, and the type 
of pathological involvement In this way we will ultimately 
define the opei ability of the stapes 

6 Cunent opinions aie expiessed lelative to the favoiable, 
unfavorable, and mopeiable stapes, based upon the anatomical 
development and pathological involvement 

7 The vanable opei ability of the stapes is descubed m a 
senes of illustrative cases 

8 The stapes mobilization operation is a leliable suigical 
pioceduie m favorable anatomical and pathological cncum- 
stances 

9 Stapes suigeiy has enough advantages to make it woithy 
of a tnal m less favoiable anatomical and pathological cir¬ 
cumstances 

10 The fenestration opeiation is indicated when the ana¬ 
tomical development and pathological involvement are beyond 
the limits of reasonably predictable stapes suigeiy 

11. If the stapes suigeon strives to obtain the maximum 
peicentage of pumary mobilization lesults m all types of 



SUPRAGLOTTIC SUBTOTAL LARYNGECTOMY AND 
RADICAL NECK DISSECTION FOR CARCINOMA 
OF THE EPIGLOTTIS 
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The presently accepted method foi the suigical tieatment 
of cancer of the epiglottis is total laryngectomy and ladical 
neck dissection, 1 ' 5 yet, m certain instances of carcinoma of 
the epiglottis, the surgeon must v, ondei whethei sacufice of 
the entile larynx and the commission of the patient to per¬ 
manent tiacheostomy is entiiely necessary 

The objective of the suigeon should be not only adequate 
lemoval of the lesion but also preservation of laryngeal 
physiology Peioial amputation of the epiglottis in the ab¬ 
sence of nodal metastases has never leceived populai ac¬ 
ceptance, since obviously a wide maigm of safety could not 
be accomplished Although partial laryngectomy with preser¬ 
vation of coidal function is possible, it lequiies the cieation 
of a laige pharyngostoma The attendant dysphagia, dioohng 
of saliva and multiple subsequent operations to effect closuie 
have influenced surgeons into taking the easiei couise of total 
laryngectomy 

Supiaglottic subtotal laryngectomy and ladical neck dis¬ 
section as a one-stage opei ation f 01 cai cmoma of the epiglottis 
was developed m an attempt to conserve the function of the 
larynx. In South Amenca the pioceduie is known as the 
paitial horizontal laryngectomy 610 The pioceduie described 
here diffeis from the South American method m that primary 
closure is performed, ratliei than to create a pharyngostoma 
which necessitates a second opei ation at a later date 

The rationale of the proposed suigical procedure is based 
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To be published (When I presented this material at the Academy 1 
learned that Ruedi was conducting a parallel stud\ and that maa\ ot 
his ideas are similar I have been unable to obtain a copy of his paper 
and this refeience is included here for completeness ) 
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MICHIGAN MAN WINS HEARING SOCIETY AWARD 

Stuait L Edmonds, Midland, Mich, was lecently named 
wmnei of the Amencan Healing Society’s Kenfield Memoiial 
Scholaiship, an awaid made annually to a piospective teacher 
of hpieadmg Mi Edmonds is the fust man to receive the 
honoi since establishment of the scholaiship fund m 1937 

Mi Edmonds has a bachelor's degree m speech collection, 
University of Michigan, and a mastei’s degree m education, 
Eastern Michigan College of Education, Ypsilanti He has 
taught speech collection m his home State foi five years 

He is cuirently employed as field service consultant for the 
Michigan Association foi Bettei Hearing, a job which has 
acquainted him with the uigent need foi teacheis of hp- 
readmg Thiough funds fiom the scholaiship, he plans to 
take a course at Noithwestem University m Methodologies 
for Teaching Speech Reading 
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bianes and ligaments The apex of this cone-shaped stiuc- 
tuie ends just supenoi to the antenoi commissure of the tiue 
vocal cord, and is less than one-half the distance between the 
supenoi notch and the mfeiioi boidei of the thyioid cartilage 
(see Fig 1) 

Studies of laiynges lemoved foi pnmary malignant tumois 
of the epiglottis may show an invasion of the tumoi into the 



Fig: 2 Surgical Criteria Lateral view of epiglottis and pre-eplglottlc 
space \ertlcal section The dotted line Includes the area removed with a 
radical neck dissection 


pieepiglottic space, and anatomically this space is quite sepal- 
ate from the true vocal cords 13 In less advanced epiglottic 
carcinoma, when the lowei edge of the tumoi is at the legion 
of the petiole, there may be microscopic evidence of further 
extension of tumor to the false coids Extension to the an¬ 
terior commissure of the true cords, ventricle, aryepiglottic 
fold or arytenoids is a late manifestation In the latter in¬ 
stance, a bilateral neck dissection with total laryngectomy. 
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on embryological, anatomical, clinical and pathological pm 
ciples The embiyological studies of Most 11 and the woih of, 
Rouvieie 13 show that the lymphatic pathways fiom the supia- 
glottic aiea aie independent of those fiom the true coids and 
the subglottic aieas _The supiaglottm poition of the lawns 
develops fiom the pnmitive phaiynx while the glottis and 
subglottic aiea are denved from the superioi extiemity of 
the tiacheal tube The ventnculai bands, epiglottis and the 



Fig 1 The relation of the anterior commissure to the thyroid cartilage 
IS'ote the Inferior position of the anterior commissure—A From the superior 
border of the thyroid cartilage S Low power vertical section 


anterior pait of the aiyepiglottic fold anse fiom the fourth 
bianchial arch The separate lymphatic collecting pathways 
from the supiaglottic and the cor dal with subglottic aiea 
would suggest that the two sites could be divided fiom one 
another without violating sound punciples of cancel srngevy 

The preepiglottic space anatomically is confined between 
the hyoid and anteiioi coranussuie of the hue vocal coids, 
shaped like a pyiamid with the base up, and bounded laterally 
by the hyoepiglottic and hyothyioid and thyioepigjottic mem- 
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Fig A The Incision Note curbed incision to minimize secondary con¬ 
traction 


fiom epiglottic carcinoma, continuity e?i bloc removal of the 
primary' lesion and the cervical nodes must be done as a one- 
stage procedure if one is to maintain good oncologic prin¬ 
ciples Such an operation would create a large pharyngeal 
opening and would necessitate some method for closure In 
South America a secondary operation has been found neces¬ 
sary 88 It is mv purpose to demonstrate that primary closure 
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in my expeiience, has often been necessaiy LeRoux-Robeif 
has demonstiated that caicmoma of the epiglottis seldom ex¬ 
tends below the coids into the subglottic aiea, hence, on an 
embiyological, anatomical and pathological basis it should 
be possible, m selected instances, to lemove the entile lesion 
and preseive the function of the tiue vocal coids if the re¬ 
sulting phaiyngostoma could be closed 



Flgr 3 Surgical Criteria Mirror xlexx of larjnx dotted line Indicates 
area of excision 


Some surgeons have tiled to solve the pioblem of srngi- 
cal excision by a transhyoid pharyngotomy appioach and 
amputating the epiglottis without horizontal tiansection of 
the thyioid cartilage Obviously, the entire pxeepiglottic 
space cannot be lemoved by this method The laryngofissure 
appioach has the disadvantage m that the uppei end of the 
incision will open the preepiglottic space and divide the coids 
at the antenoi commissuie 

Since metastases to the lateial cervical nodes are fiequent 
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1 

1 _ 

Fig: 6 Thvrold cartilage Is divided tranyv erselv one-third the distance 
from tlnrold notch to the inferior border 

2 The low ei boidei of the tumoi should not extend below 
the petiole It is better if there is a gieatei maigm of safety 
between the lowei bolder of the tumoi and the antenoi com¬ 
missure of the true vocal cords 

3 Lateial infiltration of the arytenoepiglottic folds and 
arytenoid edema must be absent 

4 The base of the tongue should be cleai of tumoi— (when 
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Fig- 6 Radical neck dissection completed Note attachment 
thj roid area sternohjoid and lijothvroid muscles are severed and h> oia 
bone Is divided in mldllne 

of this defect can be accomplished m one opeiation with 
lestoiation of the deglutition and coidal function 

SURGICAL CRITERIA 

1 The tumoi involving the epiglottis should be limited en¬ 
tirely to the cai tilagmous laiyngeal suiface, pieferably more 
jtowaxds the fiee suiface (see Figs 2, 3) 
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Fie S The lateral lar\ neo-pharr neeal trail Is opened inferlorlj alone 
the posterior lar'neopharvnx. 


frequently with exophytic lesions, thej aie moie favoiable 
clinically than tliose that aie infiltiative and ulceiative 

8 Clinical invasion of the hyothyioid membiane should be 
absent 

9 If nodes aie not palpable, a neck dissection is done on the 
side on which the tumoi seems to show the gieatest extent 
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Fie 7 The pharynx Is entered in the region of the -\nlIocula and Inter 11 ' 
glosso-epielottic fold 

the tip of the epiglottis on the glossal surface shows some 
tumoi, a section of the base of the tongue is lemoved) 

5 The tiue vocal coids should be fiee of tumoi and show 
no impaiiment of motion 

6 There should be no gioss evidence of false coid invasion 

7 Because extension into the pieepiglottic space occurs less 
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Fig: 10 Dissection inferior!' and posterior to the superior cornu of the 
thvroid cartilage towards the horizontallx transected th\ roid cartila&e 


and endotiacheal anesthesia is started A neck dissection is 
cairied out m the classical fashion descubed by many authois 
ovei the past five decades 516 --° The classical incision that 
has been modified and descubed by Huffman and Lieile has 
been used in this operation (see Fig 4) The neck dissection 
m this instance differs fiom the usual proceduie m the fol¬ 
lowing aspects No attempt is made to pieserve the spinal 
accessory nerve whether oi not nodes aie palpable The 
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10 Bilateial palpable nodes wan ant a bilateial neck clis 

section , 

11 Laiyngograms using Diomsil as a contrast media aie o 

gieat value 15 

technique 

A pielimmary tiacheotomy is done undei local anesthesia 
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Fig: 12 A thick split thickness skin graft is sutured on a muscle 
rotation flap 

The suprahyoid muscles aie separated from the hyoid bone 
on the side of the neck dissection to the midline, and the 
hyoid bone is divided in the midline and giasped with a tenac¬ 
ulum to be held mfeiiorly for a landmark (see Fig 5) It is 
not separated from the specimen 

The thyroid cartilage is transectioned with a Stryker saw 
at a level one-third of the distance between the thyroid notch 
and the inferior border (see Fig 6) 
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Pig- 11 The aryepiglottic folds are sectioned close to the ar rt?, n ° ? 
and carried anteriorly Into the horizontal!} transected thyroid cartilage, 
this separates the false cord-ventricle from the true \ocal cords 

sternothyroid and sternohyoid muscles aie tiansected at 
the lowei level of the thyroid cartilage on the side of the 
tumoi to the midline A complete block neck dissection is 
perfoimed, but the specimen is left attached to the lateral 
thyrohyoid aiea The thyioid lobe on the side of the neck 
dissection is removed, and great caie is given to pieseive the 
recunent laryngeal neive 
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cision is earned postenoily to the supenoi segment of the 
honzontally tiansected thyioid cartilage Foi furthei mobili¬ 
zation, the base of the tongue is sepaiated fiom the epiglottis 
acioss the midlme (see Figs 8, 9, 10) 

The ipsilateial aryepiglottic fold is now sectioned close to 
the aiytenoid cartilage Caie should be taken not to expose 
the arytenoid cartilage The ipsilateial false coid is sepaiated 
from the tiue coid, and at the same time furthei sepaiation 
is earned antenoily and lateially into the pieviously tian¬ 
sected portion of the thyioid cartilage Dissection is then 



FIgr 14-A. Specimen removed 


earned towaids the antenoi commissuie of the tiue vocal 
coids sepaiating it fiom the ventucle, false coid and epi¬ 
glottis As dissection is earned acioss to the opposite side 
it will include a segment of the opposite tiansected thyioid 
cartilage, but less lateial laryngopharyngeal wall is sacnficed 
The contialateial false coid is divided fiom the true coid 
and final sepaiation of the contralateial aryepiglottic fold 
close to the arytenoid is the last step (see Fig 11) In this 
mannei the entile pieepiglottic space togethei with the epi¬ 
glottis, false coids, aryepiglottic folds and most of the ven- 
tncle (except its mfenoi suiface lepiesented by the supenoi 
surface of the tiue coid) is removed 
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Fig- 13 Lnrj ngophan n\ approximated with t«o la^eis of interrupt' 1 
silk 


On the side of the neck dissection, the steinothyioid and 
sternohyoid muscles aie divided tiansveisely fiom the midline 
towaid the side of the neck dissection 

A phaiyngostoma is cieated by entenng the phaiynx su- 
penoi and lateial to the vallecula (in the legion wheie the 
supiahyoid muscles weie sepaiated fiom the hyoid (see Fig 
7) With shaip dissection the entue lateial laiyngopharyn- 
geal wall is sepaiated fiom the postenoi wall, and the in- 
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A Peniose chain is placed into the lateial neck area, and the 
skm is closed by approximation of the subcutaneous tissues 
with silk and mtenupted silk foi the skm A tiacheotomy 
tube is inserted following removal of the endotiacheal tube 

In the event that a brlateial neck dissection is necessary, 
then theie are no stiap muscles to lotate since they aie re¬ 
moved with the tiansected thyroid cartilage In this case the 
entne tongue is mobilized and the laryngopharynx is oblitei- 



FJgr 15-A. Specimen removed bilateral neck dissection 


ated by suturing the base of the tongue to the remaining 
larvnx In the postoperative period, antibiotics and feeding 
bv nasal tube is started 

RESTITUTION OF DEGLUTITION 

It is obvious that smce both superior laryngeal nerves are 
sectioned bv this supraglottic approach, feeding difficulties 
v ill develop 

After a period of ten davs to two weeks, the patient is 
allowed to take food bv mouth The patient must relearn 
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Ftgr 14-B Post-operatl\e result 


A nasal feeding tube is passed into the stomach AJaige 
muscle lotation flap is now cieated (see Fig 12) The op¬ 
posite jsternothyioid, thyiohyoid muscle is dissected fiee fiom 
the larynx and tiachea and fiom the" hyoid bone The flap 
can now be rotated, and a thick split thickness skin giaft is 
sutuied to the undei surface of the muscle The muscle flap 
and skin giaft close off the phaiyngeal defect by approxi¬ 
mating it with the constnetoi muscles Uusually two or 
thiee layeis of leinfoicmg sutures will be necessary (see 
Fig 13) 
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fust some matenal may be aspnated into the tiachea, but 
aftei seveial days of effort all of oui patients weie able to 
overcome tins handicap Once effective deglutition is estab¬ 
lished, the tiacheotomy opemng may be closed All of our 
patients have a good voice immediately 

RESULTS 

Fifteen patients with epiglottic caicinoma have been opei- 
ated upon with unilateial neck dissection and one with a 
simultaneous bilateial neck dissection (see Figs 14, 15) In 
foui othei patients with lateial laryngopharyngeal wall can¬ 
cel, the tianshyoid appioach without lemoval of any portion 
of the laiynx entailed closuie of the pharynx by the lotation 
of a muscle flap and skin giaft Expenences m the entile 
gioup thus fai extends to a thiee-and-one-half yeai followup 
penod No local leminences have lesulted m the lemammg 
laiynx to date Fixation of vocal coid occuned in one in¬ 
stance wheie the arytenoid caitilage was exposed One pa¬ 
tient died of a coionary occlusion one year aftei surgeiy, and 
autopsy showed no evidence of caicinoma Seven of fifteen 
patients had positive nodes confnmed pathologically The 
high fiequency of metastatic nodes from epiglottic caicinoma 
is suggested m this small senes 

Secondary neck dissection has been necessary m one in¬ 
stance In this patient a node became palpable six months 
aftei the fust opeiation 

SUMMARY AND CONCLUSION 

Fifteen patients with caicinoma of the epiglottis have been 
opeiated upon, using a technique foi en bloc lemoval of the 
pi unary lesion, togethei with a ladical neck dissection 

Reconsti uction of the laiyngopharynx by a muscle flap and 
skin giaft has been effective m the eaily lehabilitation of the 
patient 

Pieseivation of the function of the time vocal coid is pos¬ 
sible The patients can have not only a good voice and a 
normal ail way, but also aie able to swallow normally mthout 
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Fig 15-B PostoperatHe result 


deglutition At fust it is a conscious effort on the pait of 
the patient, but latei swallowing becomes a leflex act Thin 
ceieal is tolerated more easily than watei until the patient 
becomes accustomed to the sensation of the passage of food 
In the initial attempts at swallowing, the tiacheotomy tube is 
closed with a coik, and the patient is told to swallow and 
bieathe out utilizing the laiynx to cleai the mucous and food 
fiom the tiue vocal coids Usually foi one small amount of 
food this piocess of dealing the tin oat with swallowing must 
be lepeated seveial times to swallow a bolus effectively At 
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IS Brown J B and McDowell, F Neck Dissection ” C C Thomas 
Springfield Ill 1954 

19 Huffman W L., and Leerle D M Neck Dessectlon Plas and 
Rcconst Surg 11 115 146 1953 

20 Pressman J J Extended Retro hvoid Radical Neck Dissection of 
Cancer of the Oral Cavit\ and Neck Surg Oynec and Obst 100 329 344 
March 1955 


POST GRADUATE COURSE IN RHINOPLASTY, 
RECONSTRUCTIVE SURGERY OF NASAL 
SEPTUM AND OTOPLASTY 

An intensive post giaduate couise in Rhinoplasty, Re- 
constiuctive Smgery of the Nasal Septum and Otoplasty 
will be given July 12, 1958, to July 26, 1958, by Di Irving 
B Goldman and staff at the Moun t Si nai Hospital, New 
Yoik, m affiliation with Columbia Univeisity 

Candidates foi the couise should apply to Registiar for 
Postgiaduate Medical Instiuction, the Mount Sinai Hospital, 
Fifth Avenue and One-Hundiedth Stieet, New Yoik 29, 
New Yoik 
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the piotective function of the epiglottis, aiyepiglottic folds 
01 false colds * 


REFERENCES 


1 Ogura, J H , and Bello, J A Laryngectomy and Radical Neck Dis 
section for Carcinoma of the Laivnx The Laryngoscope, 62 152, Jan, 
1952 

2 Orton, H B Evaluation of Radical Neck Dissection in Carcinoma 
of the Larynx Trans Amer Acad Ophthal and Otol, 30 34, Jan Feb, 
1954 

3 PlETRANTONI, L t NlOELLI, F , SBERNHST, C , BOCOY, E , Meda, P, 
Leonahdei.lt, G, Scevola, P , Agazzi, C , Romagnoli, M, and Passing C 
II Cancro della Laringe e dellTpofaringe OUnica Otormgolaringologica 
della, Universita di Milano Sopp XIV, dell Archivio Iahano di Olologio 
Rinologia e Lanngologia, Vol LXIV, 1 336, 1953 

4 Clere, L Symposium on Carcinoma of the Larynx, Snmmarv and 
Discussion Trans Avier Acad Ophthal and Otol, 38 54, Jan Feb,19o4 

5 McCall, J , Whitaker, Clay W , ICaram, F K. Carcinoma of the 
Epiglottis Trans Amei Laryngol, Rhinol and Otol Soc , 18 34, 195' 

6 Sylvester Begnis, Carlos Tratamiciento Quisurgical del Cancer 
Laryngo Farlnges y Vestibular Bol de la Soc, de Oir de Rosario, Ar 
gentina, 9 649, Oct, 1942 

7 Del Sel, Jaime and Agra, Alejandro Cancel of the Larynx Laryn 
gectomy with Systematic Extirpation of the Connective Tissue ana 
Cervical Lymph Nodes as a Routine Proceduie (Laryngeal Cancer an 
Lymphatic Metastases) Trans Amer Acad Ophthal and Otol, PP Sai 
655, July Aug, 1947 

8 Martin, Hayes “Surgery of the Head and Neck Tumors” Hoeber 
Harper, 1957 

9 Alonso, Justo M Conservative Surgery of Cancer of the Larjnv 
Trans Amer Acad Ophthal and Otol, pp 633 642, July Aug, 1947 

10 Alonso, Justo Tratamiento Quirurgico del Cancer de Laringe 
Revista dc Otonnoloringologia, Chile, 9 122, 1950 

11 Most, A "Anat Anzelger" p 387 1898 Ibid Zcitschr 1 Chirurg, 
Bd 57 

12 Rouviere, H “Anatomy of the Human Lymphatic System” Ed 
wards Bros , Ann Arbor, Mich , 1931 

13 Ogura, J H Surgical Pathology of Cancer of the Larynx The 
Laryngoscope, 65 867 926, Oct, 1955 

14 LeRoux Robert, J Anatomo Clinical Types and Therapeutic In 
dlcations Regarding Intralaryngeal Epithelioma Annals d'Otol , 1003 
1044 1937 


15 Ogura, J H , Voorhees, R, and Powers, VV Laryngograms (To be 
Published) 

16 Crile, George Excision of Cancer of Head and Neck JA Id A , 
pp 1780 1786, Dec 1906 

17 Martin, Hayes Neck Dissection Cancer, 4 441 493 ^ jj ay 1951 


•The author Is deeply Indebted to Dr Donald Chen 
laryngology for the Illustrations on the technique 


Resident In Oto 



BARON PSEUDO-VERTIGO 


1005 


1955 (each nasopharvngeal area was treated through a lateral portal 
6x7 cms each portal received a total of 600 r in air) There was tem 
porarv relief of s\ mptoms following the X ra' tlierapv until December 
14, 1955 when she again complained of the ‘popping and fullness in the 
right ear which she felt was worse than ever Examination with a 
nasopharvngoscope showed the central adenoid mass to be about the 
same 



Fig: 1 True cholesteatoma (epidermoid) of the left occipital and tem¬ 
poral bones with in\a»lon of some of the mastoid cells but without in- 
voUement of the middle or Inner ear Approximate measurement 3 5x4 5 
cms Lateral Mew 


Various medications including antihistamine and vasoconstrictor drugs 
were helpful only at times 

On March 5 1956 the patient complained of dizziness which had been 
present for two or three weeks She found it difficult to describe this 
dizziness It was not a whirling sensation but an unsureness or a light 
headedness akin to giddiness It had come on without warning and did 
not seem to be related to her ear svmptoms of 1 popping" or fullness It 
was worse when she looked up but could be relie%ed b% bending her 
head down or by chewing gum. 




PSEUDO-VERTIGO FROM TRUE CHOLESTEATOMA 
OF THE SKULL *f 

Shirley Harold Baron, M D , 

San Fiancisco, Calif 


Tiue epithelial cholesteatomata oiigmatmg m the cianial 
chamber elsewheie than m the middle eai aie uncommon 
They lepiesent only a fiaction of one pei cent of mtiaciamal 
neoplasms as a whole , 1 and aie seldom, if evei, thought of as 
a cause of dizziness An exception to the 1 ule is the case to be 
leported m which skull X-iays levealed a laige cholesteatoma 
of the left occipital and tempoial bones This tumoi, though 
not involving the middle 01 mnei eai, pioved to be the cause 
of the patient’s dizziness 


CASE REPORT 


Mrs J, age 43, the wife of a pinsieian, was seen fiist in June 1953, foi 
an acute bilateral, suppuratit e, maxiilar\ Binusitis It was not until 
three 3 ears later that she complained of dizziness In the interim she 
was seen mani times 

In February, 1954, she complained of a dullness and ‘ popping” in her 
right ear following an airplane trip In March, 1954, she complained of a 
peculiar sensation, a dullness in both ears An audiogram done then 
showed normal healing There was no disease noted excepting bogg> 
nasal turbinates suggesting a vasomotor rhinitis In Nox ember, 1954, the 
patient complained of discomfort in the left side of her face -with some 
pain referred to the front of her left ear and a ‘ filling up” in both eais 
A week later the ear sensation had disappeared, but theie was still a 
feeling of “something being in the left side of the nose and face This 
erentualli disappeared 

In June, 1956, the patient complained again of a feeling of fullness in 
both ears'with intermittent “popping’ and a small tendex aiea back of 
her left mastoid This tenderness was thought to be due to an inflamed 
lymph node (The patient had some scaling of her scalp in this legion) 

On August 2, 1956, she still complained of intermittent ‘popping ’ and 
fullness in her ears Examination with a nasopharvngoscope showed a 
small amount or lvmphoid tissue abote each torus and in the xault of 
the nasopliarvnx Xray theraps to the nasopharynx was suggested and 
then administered bx a roentgenologist between August 5 and August 22 


.-D xhP meeting of the Western Section American Dar> nffologlca] 

Trnmoto K fcal and otololical Socletj Inc Bexerlj Hills Calif Jan 18 1058 
npnartment of Surgerx Dlxlslon of Otolarj ngolopri Stanford 
UnherBltx h Med!cal School and the Department of Otolar> ngolotn Mount 

^ * tv! 'no t e This manuscript receh od in The Larjngoscope Office and 

aefe^ed ^publication March 4, ^ 
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1955 (each nasopharvngeal area was treated through a lateral portal 
6x7 cms each portal received a total of 600 r m air) There was tem 
porar\ relief of svTnptoins following the X rai therapv until December 
14, 1955 when she again complained of the popping and fullness in the 
right ear which she felt Mas worse than e\er Examination with a 
nasopharvngoscope showed the central adenoid mass to be about the 
same 



Fig 1 True cholesteatoma (epidermoid) of the left occipital and tem¬ 
poral bones with Imaslon of some of the mastoid cells but without ln- 
\ol\ement of the middle or Inner ear Approximate measurement 3 5x4 5 
cms Lateral 4 lew 


Various medications including antihistamine and vasoconstrictor drugs 
were helpful onlv at times 

On March 5 1956 the patient complained of dizziness which had been 
present for tvo or three weeks She found it difficult to describe this 
dizziness It was not a whirling sensation but an unsureness or a light 
headedness akin to giddiness It had come on Mithout warning and did 
not seem to be related to her ear symptoms of popping” or fullness It 
was worse when she looked up but could be relieved b\ bending her 
head down or bv chewing gum 



PSEUDO-VERTIGO FROM TRUE CHOLESTEATOMA 
OF THE SKULL *f 

Shirley Harold Baron, M D , 

San Fi an cisco, Calif 

Tiue epithelial cholesteatomata ongmatmg m the cianial 
chambei elsewheie than m the middle eai aie uncommon 
They lepiesent only a fiaction of one pei cent of mtiacianial 
neoplasms as a whole , 1 and aie seldom if eyei, thought of as 
a cause of dizziness An exception to the i ule is the case to be 
xepoited m which skull X-iays xevealed a laige cholesteatoma 
o/the left occipital and tempoial bones This turnoi, though 
lit involving the middle 01 nine, eai, pioved to be the cause 
of the patient’s dizziness 


CASE REPORT 

Hr. J . «. the Jlte «< • f H 

“..“"'earfSS' tta”’.h. combined ot M» I» th. interim .lu 
Trroq Rppn ihrii} times 

^ ige ;4 she complained of a dullness and ‘popping in hei 

In February , l954 » s ^? ri)]an e trip In Maicli 1954, sbe complained of a 
right ear following an airplane WpJ ^ An audioginm do „e then 

peculiar sensation, a ni ss 1 diBense noted excepting bogg> 

showed noimal h f^ ln Jf^somotor rhinitis In Notembei 1954, the 
nasal turbinates J in t he left side of hei face with some 

patient complained of discon 1 ‘filling up’ in both eais 

pain referred to the front of he gt ear ot> theie was still a 

iSS*»•’« - **• — "” d ■“* ™ 3 

er entuall' dlsappeaied CQmT> iained again of a feeling of fullness in 

In June, 1955, the Patient , £ (n „ and a small tendei aiea bach of 

both ears vritb intermittent PPP ^ t h 0U ght to be due to an inflamed 
her left mastoid patient had some scaling of her scalp in this legion) 
ljm ph node (The pateut of inte rmittent popping’ and 

On August 2, 195o. shesU P wUh a nasopharyngoscope showed n 

fullness in her ears , E ™^ le ab0 ie each toms and in me mult of 
small amount of bmphold t rapJ to the nasopharynx was suggested and 
the nasopharvnx Xr tg g n ologlst between August 5 and August 22, 

then administered b> a roernse 

- , .. „ 0lprn Section American Lar\ ngological 

"7^ at the meeting of th^estern Sect^ H1Us Calif Jan 18 1D68 

TjsrnomKical and Otological S 5 D1 islon of Otoiarj nsolopv Stanford 
K t From %®rShool°anS r SrDe P a r tmcnt of Otolan ngoiogt Mount 
ironHoTpitaf manUBCrlpt receded in The I^r, nBO-cope Office and 

aSS^lubl^on March 4 
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1955 (each nasopharvngeal area was treated through a lateral portal 
6x7 ems each portal received a total of 600 r In air) There was tem 
porarv relief of svmptoms following the X rav therapv until December 
14, 1955 when she again complained of the popping ’ and fullness in the 
right ear which she felt was worse than ever Examination with a 
nasopharvngoscope showed the central adenoid mass to he about the 
same 



Fig 1 True cholesteatoma (epidermoid) of the left occipital and tem¬ 
poral bones with invasion of some of the mastoid cells but without In¬ 
volvement of the middle or Inner ear Approximate measurement 3 5x4 5 
cms Lateral v lew 


Various medications including antihistamine and vasoconstrictor drugs 
were helpful onlv at times 

On March 5 1956 the patient complained of dizziness which had been 
present for two or three weeks She found it difficult to describe this 
dizziness It was not a whirling sensation but an unsureness or a light 
headedness akin to giddiness It had come on without warning and did 
not seem to be related to her ear symptoms of popping" or fullness It 
was worse when she looked up hut could he relieved hv hending her 
head down or by chewing gum. 
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, j -iianrii in the appearance of the nasopharj nv 
Examination showed n normal The audiogram showed a slight 

The eardrum memb *‘“ 1 ®® ln both ears (15 db at 250 and 10 db at 500 

loss in hearing for low tones ^ cc ^ ^ ater) test for vestibular 

SSr r S ho e wed d lor4i? e d s^nses for both ears A neurological exam 

ination revealed no abn ® rm ® h reV ealed an oxal zone of diminished 

The shull was G rayed h al &nd temporal bones encroaching upon 
densitv involving the lef rtion 0 f the mastoid process but not in 
some inner ear This defect measured about 3 5x4 cms 





BARON PSEUDO-VERTIGO 


1007 


(see Figs 1, 2) The lesion was considered to be a true cholesteatoma 
or epidermoid It was felt that it should be removed surglcallv 

Surgerj was done on April 2 1956 with Dr O W Jones a neuro¬ 
surgeon who used a craniotomv approach over the site of the choles¬ 
teatoma A small horseshoe-shaped incision w as emplo\ed the anterior 
limb starting at the tip of the mastoid process curving upward, then 
backward and down When the pericranium was reflected caudallv, 
grumous pearb gra\ material characteristic of a cholesteatoma was 



Fig- 3 Tantalum plate covering the defect in the skull resulting from 
surgical remoial of the cholesteatoma Lateral view- 


found posterior to the tip of the mastoid process Further exposure was 
obtained by removing some of the outer table of the skull toward and 
including the occipital bone It was then possible to remove the sac 
of the cholesteatoma from the dura which coiered the left cerebellar 
hemisphere and the lateral sinus The dura was compressible and trans 
parent and about one-half inch below its surface the partiallv atrophic 
cerebellum could be seen There was fluid between the dura and the 
cerebellum The attachment of the tentorium had been displaced mesially 

After Dr Jones removed the sac from the dura I removed that portion 
of the sac wall which had eroded the mastoid cells This was done with 
magnified vision and required removal of some of the underiving mastoid 
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Fie 4 Same as Fie 3 sub-mento-\ertlcal \ lew 


cells for complete elimination of the matrix When these cells were 
removed, the mastoid antrum came Into i lew Its lining membrane 
appeared healthv and uninvolved 

Gelfoam mas placed into the mastoid antrum and into the defect In 
the mastoid cells made at surgerj and by the lesion itself A tantalum 
plate mas fashioned for the defect in the skull and held in place with 
tmo sutures of tanalum mire (see Figs 3 4) The scalp was closed, 
layer bj Iajer, with sutures of njlon 

The course was uneventful The left tunpanic membrane examined 
the day after surgerv, showed the bluish color of a moderate hemotjm 
panum, which disappeared within four weeks There mas a feeling of 
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fullness, but not of deafness The sutures were removed on the fourth 
postoperative day The patient j\as dismissed on the next day 

The dizziness disappeared following surgery and has not recurred to 
date The patient has complained of a sensation of an echo in her left 
ear but feels that her hearing is normal She still experiences ‘ popping” 
in both ears An audiogram done on June 14 1957, revealed a slight loss 
of hearing as compared with that of February, 1954, but the slight loss was 
about equal for both ears The readings were for the right ear 250 20, 
500 10 1000-0, 2000 5 4000 10, 8000 15, for the left ear 250 25 500 10, 
1000 minus 5 2000 10, 4000 10 8000 5 

COMMENT 

The discovery of such a large lesion of the skull in this patient the 
wife of a physician after she had been under my care for three years 
was a bit embarrassing for, considering its size, the cholesteatoma must 
have been present all of those three years probably longer, jet in 
retrospect, there was^ nothing that suggested an indication for X raj s of 
the skull until the symptom of dizziness appeared 

The use of nasopharjmgeal irradiation, worthless to this patient merits 
criticism This is self-criticism and criticism of others who have de¬ 
veloped the habit of resorting to irradiation therapy as a crutch for the 
patient with tubal symptoms when no other treatment seems available 
Irradiation therapy in patients with more defined tubal symptoms has 
proven disappointing in my experience so certainly there was little ex 
cuse for mj having suggested it here 

The sensation of an echo in the left ear is difficult to explain The 
alteration in the mastoid air cell system could hardlj be considered a 
cause in view of the fact that an echo sensation does not exist in those 
patients who have had mastoidectomies which result in a much greater 
alteration In the mastoid anatomy 

It is unlikely that the intermittent ear popping Is related to the 
skull cholesteatoma It is probably the result of the vasomotor instability 
of this patient 


DISCUSSION 

Since there occasionally exists some confusion m the teimi- 
nology of the classification of cholesteatomata, it might be 
worth while to review Wittmaack’s 3 4 classification, which is 
generally used Sometimes the terms “tiue cholesteatoma” 
and “piimary cholesteatoma” aie used interchangeably, but 
incorrectly so Recently Day 5 titled a paper, “A Piimary 
Cholesteatoma of the Middle Ear,” but in the text of his 
article he lefened to the lesion as a “cholesteatoma verum” or 
a true congenital cholesteatoma The mcoirect use of “pii¬ 
mary” in this instance was piobably an oveisight 

A cholesteatoma is a tumoi which is sunounded by a thin 
shell of epidermis and connective tissue in which is accumu¬ 
lated desquamated homy epithelium Wittmaack classified 
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Fie 4 Same ns Fig 3 sub-mento-\ertlcal \ lew 


cells for complete elimination of the matrix When these cells -were 
removed, the mastoid antrum catne into xievs Its lining membrane 
appeared liealthx and unlnxolxed 

Gelfoam xxas placed Into the mastoid antrum and into the defect In 
the mastoid cells made at surgerj and bx the lesion itself A tantalum 
plate xxas fashioned for the defect in the skull and held in place xxlth 
two sutures of tannlum xxire (see Pigs 3, •!) The scalp xxas closed 
layer bj laj er, v, Itli sutures of m Ion 

The course was uneventful The left txmpanic memlnane examined 
the dax after surgerx, shoxxed the bluish color of a moderate hemotxm 
panum xxhicli disappeared xxithin four xxeeks Tliere was a feeling of 



BARON PSEUDO-VERTIGO 


1011 


teatoma of the temporal bone which had not been recognized 
previously in spite of the fact that the X-iay showed a defect 
m the skull three yeais eaihei 

The moie common situations of a tiue cholesteatoma aie 
1 m and about the tempoial bone, 2 m the leptomenmges 
of the ceiebral base, S m the cerebral ventiicles, these last 
being endothelial tumois, and U m the bones of the skull at 
places i emote fiom the middle eai, such as the occipital, 
parietal oi frontal bone The lattei aie of the epidermoid 
variety alone and seem to ongmate between the two tables 
of the skull, the mnei table being the fust one to become 
ballooned out and absorbed as the growth enlaiges Such a 
tumor is repiesented by the lesion found in the case leported 

Cushing ventured the opinion that true cholesteatoma 
rather than pseudocholesteatoma may be the i ule m the middle 
ear cholesteatomas, and that the cholesteatoma is responsible 
for the otitis media rathei than the leverse Except for the 
piimary type of pseudocholesteatoma, it is unlikely that any 
otologist would support Cushing’s view 

Pseudocholesteatoma The piimary, or genuine type is 
thought to come fiom a spontaneous peifoiation of Shiapnell’s 
membiane The peifoiation itself is the result of marked 
epitympanal absoiption of an from a shutting of the tubo- 
tympanic space by adhesive bands that are thought to occur 
m the couise of otitis neonatorum From the maigins of 
the peifoiation epithelium invades the attic of the tympanum 
(epitympanum) and the antium of the mastoid process and, 
with the accumulation of the trapped products of desquama¬ 
tion, the pseudocholesteatoma gradually enlarges, causing 
piessuie larefaction of the undei lying bone This type usual¬ 
ly is seen only when secondary suppuiation occuis, oi when 
complications ansing fiom increased inti acranial pressuie 
cause death They have been discovered during life as the 
result of a search foi the cause of piogiessive deafness m 
certain patients 

The secondary type of pseudocholesteatoma is the sequel of 
a chronic otitis media m which the epithelium from the ex¬ 
ternal auditory canal, or from the maigm of the tympanic 
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cholesteatomas into two mam types 1 tiue cholesteatoma, 
and 2 pseudocholesteatoma The pseudocholesteatomas aie 
divided into a the pumaiy, oi genuine, type, and b the 
secondaiy type 

Time Cholesteatoma This tumoi is consideied to be denved 
fiom an embiyonic lest and consists of concentnc polygonal 
lamella, composed of epideimoid cells which aie devoid of 
nuclei Between these lamellas aie found cholesteiol crystals 
m gieatei oi lessei quantity Suiioundmg the mass is a 
membiane, the cholesteatoma matux, which has an outei 
layei of connective tissue attached to bone, and an mnei 
epideimal layei These aie lefened to in Bancioft 0 as "epi- 
dei molds ” He states, “Epidei molds, sometimes loosely called 
‘cholesteatomas,’ occasionally anse m the diploe of the skull 
The lesions aie congenital and aie leally cysts lined noth 
squamous epithelium and entnely filled with flaky white 
epithelial debus ” 

Theie is no lecogmzable diffeience pathologically between 
the "tiue” and the "pseudo” cholesteatoma 

The tiue cholesteatoma, also known as peaily tumoi, is 
found m the skull, not usually associated with the ear 

Cushing, 1 m 1922, m a veiy excellent article, associated 
the names of Ciuveilhiei, Johannes Muellei and Vnchow with 
the tiue cianial oi intiacianial cholesteatoma, and ciedits 
Ciuveilhiei with coming the name “peaily tumoi ” 

Cushing stated, "The cholesteatomata i emote fi om the tem¬ 
po! al bone aie unusual tumois, and certain types of them 
excessively so They aie so uncommon, indeed, and excite so 
much mteiest when disclosed unexpectedly postmortem, oi 
moie laiely m the couise of an opeiation on the biam, that 
they aie pione to fmd their way into medical hteiatuie So 
fai as I am awaie, the condition has nevei been diagnosed 
except at autopsy oi opeiation Certain of these lesions, 
howevei, despite then obscunty, should be quite capable of 
recognition because of the chaiactenstic changes m the bone 
which the X-ray may disclose ” 

Cushing reported an inteiestmg case of a veiy large choles- 



REPORT OF A RECENT STUDY ON 
DIHYDROSTREPTOMYCIN 
OTOTOXICITY 

Aram Glorig, M D , 

Los Angeles, Calif 

INTRODUCTION 

The ototoxicity- of stieptomycm (SM) and dihydrostiepto- 
mvcin (DHSM) has been lecognized since 1946 Soon aftei 
streptomvcm first became a\ ailable foi tlieiapeutic purposes 
untoward effects centeung mainly around the vestibular 
system weie noticed Attention was dnected towards these 
effects by patients’ subjectn e complaints of vertigo, loss of 
visual focus, imbalance, slight sensations of nausea and e\en 
spontaneous nystagmus On the stiength of these complaints 
and at the suggestion of Di Edmund P Fowler, Ji , the 
author conducted a study designed to determine the extent 
and location of the lesion apparently pioduced by strepto¬ 
mvcm The lesults of the study weie leported m 1947 m the 
Annals of Otology, Rlunology and Laiyngology 

Shortly after the completion of tins first studv, about 1948 
or 1949, tlieie appealed on the maiket a modification of strep- 
tomvcm called dihydrostreptomvcm When dihvdrostrepto- 
mycm was used as a tlieiapeutic agent, complaints related to 
vestibular pathology weie less numeious Dihydiostreptomv- 
cin seemed to be less toxic than stieptomvcm We weie soon 
to discover, howe\ei, that the one set of symptoms were 
replaced with anothei Instead of showing i estibulai symp¬ 
toms, numerous patients began to show evidence of hearing 
loss This was indeed a complete change It was somewhat 
of a surprise and, at first, quite unbelievable Some of the 
patients began to hay e difficulty communicating when spoken 

•Head at the meeting of the Western Section \merlcan Laryncological 
Society Inc. Beverlv Hills Calif January 1 $ 115 S 

tResearch Center Subcommittee on Noise In Industry Los Angeles Calif 
Editor a Note This manuscript received in The Earengoscope Office and 
accepted for publication March I 1«5S 
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membiane, invades the middle eai 01 the epitympanum and 
the antrum of the mastoid piocess It progi essively mci eases 
m size m the pattern desenbed foi the pumary type of 
pseudocholesteatoma 


SUMMARY 

A iepoit of a patient having had a foim of dizziness caused 
by a tiue cholesteatoma of the skull has been piesented 
This tumoi was situated m the left occipital and temporal 
bones with invasion of some of the mastoid cells but without 
involvement of the middle 01 internal eai The ongm of 
this cholesteatoma was piobably m the diploe of the occipital 
bone 

This patient's dizziness, a pseudo-vertigo, was cuied by the 
surgical lemoval of the cholesteatoma The suigical technique 
has been desenbed with the aid of slides of photogiaphs m 
coloi taken dunng the suigeiy 

The dizziness undoubtedly was caused by piessuie of the 
cholesteatoma upon the left hemispheie of the ceiebellum, 
which evidenced some atiophy (as seen thiough the tians- 
paient duia) at the time of surgeiy Appaiently the suigical 
relief of this piessuie peimitted the leturn of function 


CONCLUSION 

Tiue cholesteatoma of the skull without involvement of the 
middle 01 mnei eai must be added to the list of possible 
causes of the varied foims of dizziness 
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widespread published suppoit foi the belief that stiepto- 
mycm is much more toxic to the vestibulai appaiatus than is 
dihvdiostieptomvcm, and that dihvdi ostreptomvcm is more 
toxic to tlie auditoiv s\ stem than is stieptomycm In general 
the recent articles also confirm eaiher estimates of the amount 
of drug necessary to produce toxic effects Specifically, m 
the case of stieptomycm, if 1 to 2 gras pei day are used, 
\ estibulai symptoms v, ill usually occui m three to foui weeks 
If the dosage is limited to 1 gm tw ice a w eek the appearence 
of symptoms is delayed considerably The time of appealance 
of symptoms seems to be directly l elated to the total amount 
of diug used, and it also appeals to be dependent upon the 
amount of time between doses 

Similai statements can be made about dihydrosti eptomycin 
and its effect on the coehleai dmsion of the VUIth neiye 
The heai mg losses pioduced by diln drostreptomycm aie 
usually bilateial They aie piimanh* in the upper frequencies 
unless seveie losses occui, m which event the speech frequen¬ 
cies also are affected Most of the studies indicate that 10 
to 15 per cent of patients treated with dihvdi osti eptonrv cm 
sustain a heaung loss after the total dose reaches 50 to 60 
gms 

One point is \ err cleailv made m most of the leports 
when lenal insufficiency exists, the toxic effects of the diug 
are increased, and more seveie hearing loss lesults This is 
to be expected, as stieptorm cm and dihydrostreptomvcm both 
aie secreted bv wav of the kidnev, and lenal insufficiency, 
theiefore, laises the blood lei els considerably aboie that found 
m patients with noimal renal function, and causes mcieased 
ototoxicity 

Eailv in the couise of the studies of dihvdi osti eptomi cm 
and streptomycin ototoxicity, there w as some disagi eement 
about the location of the lesion Tins author maintained m 
1947 that because of the selectivity of the toxic effects foi 
higher frequencies, the lesion is a penpheral one It y as, and 
it still is, difficult for me to see hoy a selective healing loss 
m specific fiequencies can be caused bv any pathology proxi¬ 
mal to the organ of Corti I am happy to leport that the 
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to in a loud voice, howevei, and it became appaient that 
fuithei leseaich to deteimme the ototoxic effects of dihydio- 
stieptomycm was needed With the eoopeiation of the tubei- 
culosis depaitment at the Gallengei hospital and the medical 
division of Geoige Washington Univeisity m Washington, 
D C , the authoi conducted a study to deteimme the amount 
of heaung loss pioduced m patients tieated with dihydio- 
stieptomycm This study was leported m the Annals of 
Otology, Rhinology and Laryngology m 1951 

On the basis of the lesults of these two studies, the follow¬ 
ing conclusions weie diawn 

1 Dosages of 1 to 2 gms of stieptomycm pei day admin- 
lsteied foi penods of moie than 45 to 50 days may pioduce 
complete loss of the labynnthme function m many patients 

2 If the same legime as (1) is followed with dihydiostiep- 
tomycm, some 20 to 25 pei cent of patients will sustain con- 
sideiable heaung loss, particulaily m the fiequencies fiom 
3000 to 8000 c p s 

3 Any patient leceivmg stieptomycm and particulaily 
dihydiostieptomycm should be tested loutmely foi changes 
m vestibulai and auditory function If dihydiostieptomycm 
is used, the heaung tests should be continued foi at least six 
to nine months aftei tieatment has stopped, because many 
cases developed heaung losses aftei tieatment had been dis¬ 
continued 

4 Because stieptomycm affects the vestibulai system pn- 
manly, it should be the diug of choice Many patients will 
compensate foi loss of vestibular function, but there is no 
satisfactoiy way to compensate foi healing loss 

LATER STUDIES 

A leview of the lecent liteiatuie levealed that the con¬ 
clusions stated above aie still valid Reports by Andeison 
m the Jowal of Laryngology and Otology, Liden m Acta 
Oto-lanjngologica Cawthome m the Butish Medical Journal, 
and Hawkins et al in the Antibiotics Annual of 1956-57, con¬ 
firm the lesults of studies made pnor to 1953 Theie is 
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Pi 101 to the theiapy, each patient was tested m a quiet 
room with a standaid audiometei at 500, 1000, 2000, 3000, 
4000 and 6000 cycles per second He was then tested twice 
a week foi four to six weeks dunng the eaily part of the 
study Aftei this initial schedule was completed, each pa¬ 
tient nas tested once a neek foi appioximately 90 to 100 


TABLE I 

Number of Audiograms Per Patient. 


No Patient* 

Vo Audiograms 

n no 

nos 

17 

fi-12 

IP . ... 

1S-2R 

14 ._ .. 

2S-SS 

T-onst ppr patient . 


Most per patient . 

---58 


TABLE n 


Amount of Antibiotic Administered to Date of Report 


Patients 
with DHSM 

treated 
(X = 51) 


Patients treated 
with DIDRO (X = 4«) 

No xrith 

No with 

Vo 

Xo with 

No m ith 

no shift 

shift 

Grams 

no shift 

shift 

3 

0 ... 

1 24 

3 

0 

12 

0. . 

25- 42 

1 

0 

4 

o 

50- 74 

. -- _s 

1 

3 

1 

75 29 


1 

10 

3_ 

_100-124 _ 


6 

3 

i 

125 142 


0 

5 


.150-174 

3 

4 

0 

1 

175-122 

.....__ . 0 

0 

0 

0 .. . 


... 0 

0 

0 

0 

- 401 

_ 1 

1 

42 

q 


34 

15 


days and then once etery two weeks until dischaiged oi lost 
to the study for one leason oi anothei (see Table I) 

Fifty-one of the patients receited 1 gm of dihvdi ostrepto- 
mvcm per day, and 49 received 1 gm of didrothenate per 
day Of the 51 patients lecen mg dihvdiostreptomycm, nine 
showed an eletation in then auditors thresholds, and of the 
49 patients receiving didrothenate, 15 showed an eletation in 
their auditory thiesholds Table II shows how many of the 
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general conclusion now is that the lesion is undoubtedly in 
the end-organ, both in the case of the vestibular apparatus 
and the hearing mechanism. 

EECENT DEVELOPMENTS 

A recent report of great interest to those of us concerned 
with the ototoxicity of these antibiotics stated that when 
pantothenic acid is added to streptomycin or to dihydrostrep- 
tomycin, treatment is accompanied by less toxicity. Several 
German workers, Keller etaL m particular, reported in April, 
1956, that considerably less toxicity resulted m animals treated 
with either streptomycin or dihydrostreptomycm m combina¬ 
tion with pantothenic acid. Several studies were conducted 
in the United States, notably by Hawkins m 1956-57, to check 
the validity of the German claim. None of these studies con¬ 
firmed the German conclusions 

31uch of the research into the effects of pantothenic acid 
combinations has been done with animals, particularly cats 
and mice Because it appeared that pantothenic acid com¬ 
binations might be less toxic in animals, the Lederle Company, 
in cooperation with the Department of Medicine, University 
of California at Los Angeles, requested that a study be con¬ 
ducted under my supervision to compare in human subjects 
the effects of the pantothenic acid combination called didro- 
thenate (DEDEO) with the effects of regularly available 
dihydrostreptomycm. It was agreed that tuberculous pa¬ 
tients would be used and that equal numbers would be treated 
with standard dihydrostreptomycm and didrothenate specially 
prepared by Lederle for experimental purposes In this way 
the toxicity of the drugs could be compared under controlled 
conditions 


PRESENT STUDY. 

A total of 149 patients started m the program, but only 
10*0 of them are considered in this paper The remaining 49 
patients were excluded from the analysis, because they we re 
discharged from the hospital for one reason or another be¬ 
fore they had received enough drug to be of use m the study 
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Pnoi to the therapy, each patient was tested m a quiet 
room with a standaid audiometei at 500, 1000, 2000, 3000, 
4000 and 6000 cycles pei second He was then tested twice 
a week foi foui to six weeks dm mg the eaily part of the 
study After this initial schedule was completed, each pa¬ 
tient was tested once a week for approximately 90 to 100 


TABLE I 


Number of Audiograms Per Patient. 


No Patients 




Vo Audiograms 

100 




1103 

17 




6-12 

19 . 




18-26 

14 




28-58 

Least per patient 





Most per patient — 




58 


TABLE II 


Amount of Antibiotic Administered to Date of Report. 


Patients treated Patients treated 

with DHSM (X = 51) _ with PIPKO (\ = 49) 


Xo with Xo with Xo Xo with Xo u 1th 

no shift _ shift _ Grams _ no shift _ shift 

3 0 _ _ 1- 24_3 0 

12 0_25- 49 1 0 

4 2_50 74 8 1 

3 1_75 99 _5 1 

10 3_100 124 _11 6 

3 1_125 149 2 2 

5 1 150 174 3 4 

2 1_175-199 _0 0 

0 0_250 274 0 0 

0 0_401_1 1 

42 9 34 15 


days and then once every two weeks until dischaiged or lost 
to the study for one leason 01 anothei (see Table I) 

Fifty-one of the patients received 1 gm of dihydrostrepto- 
mycin per day, and 49 received 1 gm of didrothenate per 
day Of the 51 patients receiving dihydrosti eptomycm, nine 
showed an elevation m their auditory thresholds, and of the 
49 patients lecemng didrothenate, 15 showed an elevation m 
their auditory thresholds Table II shows how many of the 
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persons m the total gioup exhibited an elevation m thieshold, 
and the numbei of giams of dihydiostieptomyem or didro- 
thenate the “shifters” had leceived Table III shows the 
numbei of peisons who acquned thieshold shifts of 5 to 15 
db, 20 to 30 db, and 35 to 50 db , at each of the frequencies 
tested 

Compaiisons of the amount of thieshold shift m db at 
1000 c p s m the light eai show that two of the patients on 

table hi 


Number of Patients with Thieshold Shifts of 5 15 db , 20 30 db , 35 50 db 


Threshold 
Shift (db ) 

Antibiotic 

Ear 

600 

Number of patients with shift 
at indicated frequency (cps) 

1000 2000 3000 4000 

6000 

5 to 

15 

DHSM 

R 

3 

2 

2 

1 

1 

1 

6 to 

15 

DHSM 

L 


2 

2 


3 

1 

5 to 

15 

DIDRO 

R 

5 

5 

3 

3 

4 

5 

5 to 

15 

DIDRO 

L 

3 

4 

3 

4 

5 

6 

20 to 

30 

DHSM 

R 



1 



2 

20 to 

30 

DHSM 

L 

1 

1 

2 

1 

1 

1 

20 to 

30 

DIDRO 

R 




2 


4 

20 to 

30 

DIDRO 

L 



1 



2 

35 to 

50 

DHSM 

R 



1 

2 

1 

1 

35 to 

50 

DHSM 

L 





1 

1 

35 to 

50 

DIDRO 

R 





1 

1 

35 to 

50 

DIDRO 

L 




1 


1 


dihydrostreptomycm acquned shifts of 5 to 15 db and five 
of those on didiothenate showed a similai thieshold shift At 
4000 c.p s m the light eai, one patient on dihydiostieptomy- 
cm and foui on didiothenate showed a 5 to 15 db thieshold 
shift 

Thieshold measuiements of the left ears show that two of 
the patients on dihydiostieptomyem sustained from 5 to 15 
db shift at 1000 cps and foui of those on didiothenate 
showed the same shift Again when the shifts aie measuied 
at 4000 cps m the left eai, thiee of the patients on dihydio- 
streptomycm showed from 5 to 15 db shift and 5 of those on 
didrothenate had the same shift (see Fig 1) 

At 1000 cps only one of the 100 patients acquned a shift 
greater than 15 db on eithei diug At 4000 cps none 
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showed a shift of 20 to 30 db on eitliei diug m the light ear 
In the left ear, howevei, one person tieated with dihydio- 
stieptomycm showed a shift of 20 to 30 db (see Fig 2) , also 
at 4000 cps, two of the patients on diliydiostieptomycm 
showed shifts of 35 to 50 db , one m the right eai and one m 
the left (see Fig 3) 


5 TO 15 DB SHIFTS 

S DEROTH PIDHSM 
N A9 LjN.S 


PERCENT OF EARS 
THAT SHIFTED 



Threshold shifts were compared at 1000 and at 4000 cps, 
because losses at 1000 cps reflect the amount of handicap 
foi communication bv speech and losses at 4000 cps lepre- 
sent the maximum losses usually found m the high frequencies 
There were no threshold shifts at the speech fiequencies m 
excess of 30 db when either antibiotic was used On the basis 
of this, we can assume that no patient will sustain a signifi¬ 
cant hearing loss as a result of treatment if he lias normal 
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persons m the total gioup exhibited an elevation m thieshold, 
and the number of grams of dihydiostieptomycm or didro- 
thenate the “shifteis” had leceived Table III shows the 
numbei of peisons who aequiied thieshold shifts of 5 to 15 
db, 20 to 30 db, and 35 to 50 db, at each of the frequencies 
tested 

Compansons of the amount of threshold shift in db at 
1000 c p s m the light ear show that two of the patients on 


TABLE III 


Number of Patients "with Threshold Shifts of 515 db, 20 30 db, 35-50 db 


Threshold 
Shift (db ) 

Antibiotic 

Ear 

500 

Number of patients nlth shift 
at Indicated frequency (cps) 

1000 2000 3000 4000 

6000 

5 to 15 

DHSM 

R 

3 

2 

2 

1 

1 

1 

5 to 15 

DHSM 

L 


2 

2 


3 

1 

6 to 15 

DIDRO 

R 

5 

5 

3 

3 

4 

5 

5 to 15 

DIDRO 

L 

3 

4 

3 

4 

5 

6 

20 to 30 

DHSM 

R 



1 



2 

20 to 30 

DHSM 

L 

1 

1 

2 

1 

1 

1 

20 to 30 

DIDRO 

R 




2 


4 

20 to 30 

DIDRO 

L 



1 



2 

36 to 50 

DHSM 

R 



1 

2 

1 

1 

35 to 50 

DHSM 

L 





1 

1 

35 to 60 

DIDRO 

R 





1 

1 

35 to 50 

DIDRO 

L 




1 


1 


dihydiostreptomycm acquned shifts of 5 to 15 db and five 
of those on didrothenate showed a similai thieshold shift At 
4000 cp s m the light eai, one patient on dihydrostieptomy- 
cm and foui on didrothenate showed a 5 to 15 db thieshold 
shift 

Thieshold measuiements of the left eais show that two of 
the patients on dihydiostieptomycm sustained fiom 5 to 15 
db shift at 1000 cps and foui of those on didiothenate 
showed the same shift Again when the shifts aie measuied 
at 4000 cps m the left eai, thiee of the patients on dihydio¬ 
streptomycm showed fiom 5 to 15 db shift and 5 of those on 
didrothenate had the same shift (see Fig 1) 

At 1000 cps only one of the 100 patients acquned a shift 
greater than 15 db on eithei diug At 4000 c.ps none 
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showed a shift of 20 to 30 db on eithei diug m the light ear 
In the left eai, howevei, one person treated with diliydro- 
stieptomycm showed a shift of 20 to 30 db (see Fig 2) , also 
at 4000 cps, two of the patients on dihydiostieptomycm 
showed shifts of 35 to 50 db , one in the light eai and one m 
the left (see Fig 3) 


5 TO 15 DB SHIFTS 


^DIDROTH 

\JN-49 


0 


DHSU 
N 51 


PERCENT OF EARS 
THAT SHIFTED 



Threshold shifts weie compaied at 1000 and at 4000 cps, 
because losses at 1000 cps leflect the amount of handicap 
for communication by speech and losses at 4000 cps repre¬ 
sent the maximum losses usually found in the high fiequencies 
There weie no thieshold shifts at the speech fiequencies m 
excess of 30 db when eithei antibiotic was used On the basis 
of this, we can assume that no patient will sustain a signifi¬ 
cant healing loss as a result of treatment if he lias normal 
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heaung when the antibiotic is started Allowing foi a leason- 
able amount of expected vai lation m audiometry, some 10 db , 
that is, we judge that only a lelatively small pei cent of the 
shifts are significant Only two eais on dihydrostieptomycm 
and one on didiothenate showed shifts gieatei than 10 db at 
1000 c p s 

At 4000 c p s , we find that only thiee eais m the didrothen- 
ate gioup show moie than 10 db shift and that only five ears 


20 TO 30 DB SHIFTS 

S DiDROTH PI DHSM 

N'49 U N*5I 


PERCENT OF EARS 
THAT SHIFTED 



Fig- 2 


m the dihydiostieptomycm gioup show moie than 10 db 
shift Wlien i educed to peicentage, these figuies aie 3 pei 
cent and 4 9 pei cent lespectively 

As foi losses m excess of 30 db at 4000 c p s, we find that 
one eai shifted 40 db when didiothenate was used and when 
dihydi osti eptomycm was used, one eai shifted 50 db, and 
anothei 40 db If all eais that shifted moie than 10 db at 
any fiequency aie lumped togethei, theie aie 20 m the gioup 
treated with didiothenate and 23 m the group treated with 
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dihydiostieptomycin If we look foi eais showing losses 
gieatei than 30 db at any fiequency, Ye find that theie are 
only foui with shifts of this magnitude in the group treated 
with didiothenate and eight m the gioup tieated with dihy- 
diostieptomycm (see Table III) 

The significance of the magnitude of thiesliold shift to the 
patient must be evaluated fiom the final audiogiam In 
othei words, is the change m healing level enough to cause 
handicap’ Table IV shows the numbei of patients whose 


35 TO 50 DB SHIFTS 


N DIOflOTH (“I DHSM 
J « j_) N SI 


PERCENT OF EARS 
THAT SHIFTED 



Flgr 3 


thiesholds at 1000 and 4000 cp s he between 5 to 15 db, 20 
to 30 db, 35 to 50 db, 55 to 70 db, and above 75 db Only 
one ear shows a healing level gieatei than 30 db at 1000 c p s 
Tlus case was treated with diliydiostieptomvcm 

To assess the amount of handicap lesultmg fiom the heal¬ 
ing losses acquned duimg this studv, let us compaie the be¬ 
ginning heaiing level with the final healing level of eais that 
show less than 20 db at 1000 and 2000 c p s pnoi to treat¬ 
ment and moie than 20 db at 1000 and 2000 c p s at the time 
of tins leport Theie is only one such case at 1000 cps m 
both eais, three cases, two with bilateial losses, and one 
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with a unilateial loss at 2000 cps,in the group treated with 
dihydiostieptomycm In the group tieated with didiothen- 
ate, we find no cases at 1000 c p s and at 2000 c p s, thiee 
cases with bilateral losses 

Table V shows the numbei of giams of antibiotic admin¬ 
istered to cases whose heaung level on the pre-tieatment 


TABLE IV 


Pinal Threshold of Patients Showing an Elevation at 1000 and 4000 c p s 


Hearing- Les el 
In db 

Antibiotic 

Used 

Right Ear 
1000 c.p s 4000 
No Cases ]NTo 

Left Ear 

c p s 1000 c p s 4000 c p s 
Cases No Cases No Cases 

5 15 

_ 

_ _ DHSM 

8 


4 


6 

2 

5 15 


DIDRO 

13 


4 


12 

2 

20 30 


_ DHSM 

3 


2 


4 

1 

20 30 

, _ 

_ DIDRO 

2 




3 

2 

35 50 

__ 

_DHSM 



2 


1 

2 

35 50 


DIDRO 



5 



5 

65 70 


DHSM 



3 



2 

55 70 


__ DIDRO 



4 



4 

76 + 

_ 

_DHSM 






3 

75 + 


DIDRO 



2 



2 




TABLE V 






Amount 

of 

antibiotic used 

when threshold 

shift first appeared and 

total amount 

administered to 

date to patients 

is hose thresholds at 1000 

and 2000 

C p 8 

were less than 20 db pre treatment and 

more than 20 db 

post treatment 










DHSM 




DIDRO 



No 

Gma When 

Total 


No 

Gms 

When 

Total 

Case 

Shift Started 

Dose Case 

Shift Started 

Dose 

A 


125 

186 

A 


19 


150 

B 


42 

54 

B 


168 


258 

C 


130 

138 

C 


46 


84 


audiogiam was less than 20 db at 1000 and 2000 c p.s and on 
the post-tieatment audiogram was greater than 20 db Note 
the similanty in dosages of dihydiostieptomycm and didioth- 
enate 

Let us now considei an aveiage of the post-treatment 
thresholds at 500, 1000 and 2000 c p s m the bettei ear If 
we assume than the healing loss is significant when this 
average is 30 db or more, only one patient tieated with di- 
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hydiostieptomycm and none tieated with didiothenate showed 
a significant heaung loss (see Table VI) 

DISCUSSION 

You will no doubt lemember that we started out to detei- 
nune whethei, m a gioup of 100 tubeiculous patients, didroth- 
enate (the pantothenic acid salt of dihjdrostieptomvcm) ex¬ 
hibited less ototoxicity than did dihydiostieptomycin Let 
me hasten to make clear than 100 total cases m this kind of 
study aie enough only to establish tiends We cannot draw 

TABLE VI 

Number of Patients with Significant Hearing Loss After Treatment 
(average of 30 db or more at 500 1000 and 2000 c.ps ) 

DHSM DIDRO 

1 0 


conclusions about the magnitude of heaung loss that will re¬ 
sult from a given treatment The tiends are quite clearly 
evident, however, and I feel sure that additional studies will 
confirm them 

If we compare the two treatments geneially on the basis of 
amount of shift pioduced, we fmd more patients with shifts 
greater than 30 db m the dihydrostieptomycm group Con¬ 
sider m moie detail the magnitude of threshold shift in 
terms of the amount of antibiotic leceived by the patient 
The data m Table II indicate that out of 22 patients who 
received less than 100 gms of Dihydrostreptomycm, only 
three showed any increase m elevation of then auditory 
threshold These data also show that out of 17 patients who 
received less than 100 gms of dihydiostieptomycin, only 
two showed an increase m elevation of their auditory thiesh- 
old Theie were 20 patients who leceived between 100 and 
200 gms of dihvdrostieptomycm and slx showed an increase 
m threshold level Sixteen patients received between 100 and 
200 gms of didrothenate and 12 showed an increase in 
threshold 

These comparisons seem to indicate that didrothenate is 
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moie toxic than dihydrosti eptomycm Fiom Table III, how- 
evei, you will note that most of the threshold shifts m the 
didiothenate tieated gioup aie 10 db 01 less That is, they 
fall within oui aibitiary limits of expected audiometnc 
vai lability and cannot, theifoie, be related to ototoxicity 
Compai isons of magnitudes of shift would seem to indicate 
that dihydiostieptomycm is moie toxic than didiothenate 
The appaient diffeience, howevei, could be due to the smallei 
amount of dihydiostieptomycm contained m didiothenate 
One giam of didiothenate contains less dihydiosti eptomycm 
than one giam of puie dihydiosti eptomycm 

When the results of this study aie compared with those of 
my 1951 study, theie appeals to be a maiked change m 
ototoxicity of dihydiosti eptomycm In spite of the laigei 
daily dosage leceived by some of the patients in the eailier 
study, theie aie significant diffeiences m the amount of 
thieshold shift that indicate much less ototoxicity fiom the 
dihydiosti eptomycm that is available today Specifically 

1 Theie weie no cases of piofound deafness in this senes 

2 Only one case tieated with dihydi osti eptomycm and 
none tieated with didiothenate had a final aveiage heanng 
level gieatei than 30 db at 500, 1000 and 2000 cp s 

3 No positive conclusions can be diawn legaldmg vestib- 
ulai effects, since no vestibulai tests weie peifoimed Theie 
weie no symptoms of vestibulai dysfunction, howevei, and 
we assume that theie weie no significant vestibulai changes 

In contiast to these findings, the 1951 study included one 
case of piofound deafness, also, out of the 40 cases tieated 
with 1 gm of dihydi osti eptomycm pei day for penods com¬ 
pai able to those leported in this study, 14 or 35 pei cent 
showed losses m excess of 30 db thioughout the audiometnc 
fiequency lange About half of the impaned healing cases 
showed vestibular dysfunction symtomatically and with caloric 
tests 

Why theie is such an appaient deciease m dihydi osti epto- 
mvcm ototoxicity is difficult to say It is possible that pi esent 
day manufactuung piocesses pioduce a puiei and, theiefoie, 
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less toxic product, but the manufactuiers have been ques¬ 
tioned about this, and they are not awaie of any changes m 
purity 

In view of some lecent leports, we might well ask our¬ 
selves whethei today's dihydiostreptomycm leally is less 
toxic Duiing the past two 01 three yeais, there have been 
numeious oial and written leports of sudden increases m the 
auditory thieshold of patients on small doses of dihydro- 
stieptomycm, and combinations containing dihydiostrepto- 
mycm These small doses varj from 1 to 10 giams In light 
of our piesent study, it is difficult to explain these losses The 
facts seem to be in older, howevei, the losses aie leal and 
the causal lelations appear well founded In my opinion, 
theie can be only one explanation—individual sensitivity to 
dihydiostieptomycm Such sensitivity is not restricted to 
the mycm preparations We have known for many years that 
ototoxicity may lesult fiom quinine, aspirin, nicotine, etc. 
It is not unreasonable to assume that with more widespread 
general use of stieptomycin and dihydrostieptomycm singly 
and m combination with broad spectium piepaiations, we 
will be treating an mci easing number of susceptible in¬ 
dividuals 


CONCLUSIONS 

The conclusions that I wish to draw from this study aie 

1 A comparison of healing losses pioduced m patients 
treated with didrothenate and patients treated with dihydro- 
streptomycm definitely shows that didiothenate is not sig¬ 
nificantly less toxic than dihydiostieptomycm 

2 When the lesults of tins study aie compaied with the 
results of pievious studies, not only is the numbei of persons 
who show an elevation of threshold smaller m this studv, but 
also the amount of threshold shift is considerably less 

3 When compared with mv previous investigations the re¬ 
sults of this study indicate that now largei total doses of these 
antibiotics can be administered before an elevation in the 
auditorv threshold level appears 
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U Stieptomycm is still the piefeiable antibiotic It is 
bettei to lose vestibulai function than to lose auditory 
function 


SUMMARY 

Audiometnc data fiom tests of 100 tubeiculous patients 
tieated with dihydiostieptomycm and didiothenate (the pan¬ 
tothenic acid salt of dihydiostieptomycm) aie piesented 
Fifty-one of the 100 cases leceived 1 gm of dihydiostiepto- 
mycm pei day and 49 leceived 1 gm of didiothenate pei day 
Nineteen of the patients leceived total doses of 26 to 99 gms 
of dihydiostieptomycm, 14 of them leceived 25 to 99 gms 
of didiothenate Twenty of these patients leceived 100 to 199 
gms of dihydiostieptomycm Sixteen of them leceived 100 
to 199 gms of didrothenate One leceived 268 gms of di¬ 
diothenate and anothei 401 gms of didiothenate One pei son 
m the dihydiostreptomycm gioup showed a clinically sig¬ 
nificant heaimg loss Theie weie no clinically significant 
losses in the didiothenate gioup The majonty of thieshold 
shifts occuned at fiequencies above 2000 c p s 

RECOMMENDATIONS 

Five important piecautions that can be used to safeguard 
against dihydiostreptomycm toxicity aie 

1 Wheie eithei dihydiostieptomycm oi stieptomycm is 
indicated, stieptomycm should be used Theie is no contia- 
mdication to this pioceduie Dihydiostieptomycm has nevei 
been shown to be bettei theiapeutically 

2 When bioad spectium antibiotics aie used m combination 
with stieptomycm oi dihydiostieptomycm, the combination 
used should contain stieptomycm, not dihydiostieptomycm 

S The manufactuieis of combined antibiotics should be 
lequned to state eleaily which antibiotics aie contained m 
the combination piepaiations 

4 Wheie long teim tieatment with stieptomycm is contem¬ 
plated, vestibulai and auditory tests should be given routinely 
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5 IVhen short term tieatment is contemplated, that is, 
less than a total of 10 gms to be admimsteied ovei a penod 
of five to ten days, the tieatment should be discontinued at 
the first sign of vestibulai oi auditory toxicity Tinnitus and 
slight vertigo aie significant 
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SEVENTH INTERNATIONAL CONGRESS 
OF BRONCHOESOPHAGOLOGY 

The Seventh International Congress of Bronchoesopliagol- 
ogy will be held at Kyoto (Japan) University, September 
12-14, 1958, under the direction of Prof Mituhaiu Goto, M D , 
Otorlnnolaryngological Clime, Kyoto University Hospital, 
Kyoto, Japan 

A registration fee of §25 00 USA. will be charged all 
physicians and a fee of $10 00 for wives oi non-medical 
guests Registered members are admitted fiee to banquet, 
receptions and sightseeing tours 



FOUR UNUSUAL CASES OF TEMPORAL 
BONE DISEASE * 

David D DeWebse, M D , 

Portland, Oie 

Review of the lecent otolaiyngologic hteiatuie leveals only 
one case lepoit of infection of the petious poition of the 
tempoial bone Lest we foiget that this condition still occuis, 
I am piesentmg thiee cases, which I believe, emphasize the 
pnncipal symptoms pioduced by disease m this legion 

The fourth case is not one of tempoial bone infection, 
nevertheless, it is piesented because not only the aiea in¬ 
volved but also the circumstances of the involvement aie 
unusual 


CASE REPORTS 


Case 1 A man aged 63 was first seen on June 2 1954, because of 
discharge from the right ear double vision, and dizziness 

Symptoms began seventeen dajs prioi to admission First, he had 
pain in the right ear Several hours latei there was a bloody discharge 
from the eai He was hospitalized and given terramycin and penicillin 
intramuscularlj This relieved the pain but the ear continued to drain 
Twelve days prior to admission he became awaie of double vision and 
of dizziness There was no other contiIbutor> history 


Examination of the nose, throat, nasopharynx, larynx and left eai was 
normal The right ear showed a pulsating, puiulent discharge from a 
central perforation of the eardrum The eai drum was thick and pink 
but not bulging The mastoid was tender 


On general physical examination the patient was well oiiented He 
had complete lateral rectus paiaiysls in the light eye There was partial 
paralysis of the Vllth nerve of a peripheral type Theie yyas nystagmus 
to the left The neck was not stiff Temperature was 99 5 degrees 


Leukocyte count yyas 11 500 Roentgenogram of the mastoid shoyyed 
some sclerosis yyith definite decalcification of the intercell walls, in 
addition, there yvas erosion of the innei table of the petious lidge on the 
right side Chest roentgenogram was noimal 

He was hospitalized and giyen heaxx doses of penicillin The folloxving 
day a radical mastoidectomy and petious exploration weie done The 
mastoid portion of the temporal bone was the seat of actbe subacute 
purulent infection with cell destruction Theie was no erosion of the 


• ■Dona fit the meeting of the Western Section American Lar\ngologlcal 
RltlnoloB?£tlandOtolofical Society Inc Beierly Hills Calif Jan 18 105S 
•n'^itnr'n Note This manuscript received in The Laryngoscope Ofrice and 
accepted for publication March 4 1958 

1028 



DE WEESE TEMPORAL BONE DISEASE 


1029 


labvrlnth Healing granulations were present over one area of the 
sigmoid sinus Posterior to the labvrinth there was a tract of cells A 
similar tract of cells was present inferior to the labvrinth It a as pos¬ 
sible to enter the bodv of the petrous superior to the labi rinth In this 
area there was infiammatorv tissue and soft bone, but no frank pus 

Postoperative recoverv was somewhat slower than is usual after radical 
mastoidectomv but except for slight fever in the afternoon he was up 
oriented eating, and appeared well On June 13 (ten davs postoperatlve- 
h) he suddenlv became semi-comatose then comatose Fever rose to 103 
degrees There were no localizing signs 

A neurosurgical consultant followed him for four days On the fourth 
dav flaccid paralvsis appeared in the left arm and left leg Babinski 
was positive. The neck was stiff but not rigid There was no papill 
edema. Leuhocvte count was normal Spinal fluid showed a mild in 
crease in protein and 75 cells all of which were lymphocvtes 

In view of these findings the patient was taken to the operating room 
for the second time (June 17) The old mastoid incision was reopened 
after which the petrous was again examined A wide examination was 
also made of the dura of the middle as well as the posterior cranial 
fossa The dura was normal Under the same anesthetic a neurosurgeon 
opened the right temporal area and probed the temporal lobe to see if 
there was an abscess None was found 

Patients condition following operation remained poor 48 hours later 
he expired 

Autopsi showed a healing mastoid petrous wound There was no 
evidence of brain abscess Three areas of malignant metastases were 
found one over the midline of the dura on the left side the second 
deep In the cerebellum near the dentate nucleus and the third in the 
left side near the surface of the temporal cortex Both adrenal glands 
were filled with metastatic carcinoma There was no evidence of malig 
nancv in the mastoid or the petrous The primary lesion was presumablv 
a small carcinoma in the medial portion of the left lung lving im 
mediatelv behind the heart. Recheck of the chest roentgenogram taken 
preoperativelv failed to reveal the lesion 

Case 2 A woman aged 33 was first seen on Januarv 2G 1956 because 
of persistent headache on the right side discharge from the right ear 
and low grade fever 

She stated she had had draining from the right ear since she was 
IS months old Eleven 'ears prior to admission after swimming t’e 
ear became painful and the discharge increased A diagnosis of acute 
mastoiditis was made and a partial mastoidectomv (whatever that is) 
was performed Following this operation the ear continued to drain 
and she had intermittent pain in the ear 

Three vears prior to admission she began to have a low grade fever and 
the discomfort in the ear increased A radical mastoidectomv was per 
formed at that time The ear healed Occaslonallv she had discharge 
from the ear for periods of 24 or 48 hours but without pain 

One month prior to admission she had severe headache on the right 
side and nausea This was followed bv Increased discharge from the ear 
without pain Ten davs prior to admission she had difficult In focusing 
the eves and there was some blurring of vision The headache also 
recurred and she had a low grade fever of between 99 and 100 degrees 
She stated that when she was quiet she was fairlv comfortable but 
when she was sitting up or walking the headache was severe She was 
unable to read print except for a few minutes She denied double 
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vision Leaning or turning to the left pi oduced nausea without vomiting 
In addition to the headache she had a pain w hich she described as deep 
aching behind the right eye 

On examination the throat, nose, and left ear were normal The right 
ear showed a clean radical mastoid cavitv, in which all structures were 
visible The round window, the oval window with the stapes bound 
down, and the intratympanic course of the facial nerve were clearly 
visible There w-as some moisture in the region of the Eustachian tube 
There was a small area of exposed bone behind the labyrinth Suction 
ing of the middle ear area produced slight dizziness and nystagmus 
The fistula test was negative 


Blood count was normal Roentgenograms show’ed the previous surgical 
defect. In the apex of the petrous the cells were clouded without 
definite bone destruction 


Neurologic examination was entirely normal except that the neurologist 
felt the liistorj indicated definite meningeal irritation An electro 
encephalogram was reported as abnoimal because of isolated slow waves 
which arose in both hemispheres, but more so on the right Extraocular 
muscle function, visual fields, and fundi were normal 

A diagnosis of petrositis was made, and operation was advised 

Exploration of the right temporal bone was done on January 30, 1956 
The previously desciibed mastoid caviti was clean, except for pus in 
one tract of cells Immediately superior to the intratympanic course of the 
facial nerve and in another tract of cells behind the labyrinth Explora 
tion of the postlab’v rinthine tract failed to reveal anything unusual 
There was a wide space of pneumatization superior to the superior 
semicircular canal making it possible to explore the petrous deepl) 
under direct vision The bone of the body of the petrous w r as granular 
and soft There was granulation tissue in most of the body of the petrous 
to the apex This was removed 

After operation the headache disappeared Visual disturbance also 
disappeared She was discharged eight davs postoperatively Except that 
the cavity was slow healing she did well for six weeks and then 
symptoms recurred Over the next three months she had intermittent 
headache and intermittent blurring of vision Then all symptoms sub¬ 
sided 


Ten months postoperativelj she began to have fever, which slowly 
increased to 102 degrees There w as also recurrence of retro ocular pain 
In addition she had some chilly sensation but no real shaking chills 
Examination at this time showed the ear to be moist All other studies, 
including neurologic examination were within normal limits 


She was carefullv followed for one month During this period the 
temperature ranged from 99 5 to 102 degrees The onl\ complaints 
otherwise were a feeling "as though I were being pulled over back 
wards” and increasing drowsiness 


Because of the fever and other symptoms as well as the persistent 
discharge the temporal bone was again explored on November 23 1956, 
11 months after the first exploration In the angle between the superior 
semicircular canal and the middle fossa dura a piece of sequestrated 
bone was found The petrous bodj and apex were again filled with 
soft granular bone which had the appearance of proliferate e osteom>eIitis 
This was removed The inner table of the roof of the petrous was re 
moved toward the tip until solid bone was encountered in all directions 
ritunoeh the nerve could not be identified the Internal auditory meatus 
must hive been approached since there was twitching of the face Fur 
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ther removal of bone was discontinued A small pol'ethelene tube uras 
placed in the petrous tip, and brought out into the mastoid cavitv 

The tube was slowlv removed over a period of sis weeks Penicillin 
and chloromvcetin were used continuous!' throughout hospitalization and 
for six weeks after discharge The ear healed primarilv Since that 
time the patient has been clinically well and svmptom free 

Case S A man aged 49 was first seen on June 28 1955 His chief 
complaint was progressive hearing impairment in both ears of three 
years duration 

He stated that during examination in 1952 his attention was called to 
the fact that the right side of hiB face appeared to be weak There was, 
however no paralysis He gave no histor\ of tinnitus or dizziness 

Examination of the nose throat nasopharvnx and larynx was normal 
The palate rose normall' The tongue and vocal cords moved normallv 
There was weakness of all branches of the Tilth nerve on the right side 
The corneal reflexes were normal The left ear was entirelv normal The 
right eardrum was intact. Through the eardrum a small white area was 
visible anterior to the short process of the malleus 

The audiogram was normal up to 2 000 cvcles per second There was 
a high tone loss of hearing in both ears somewhat worse on the left side 

Roentgenograms of the mastoid the skull and the internal auditor' 
meatuses were normal Electrical tests of the right facial nerve showed 
equal chronaxie on both sides but elevation of the voltage required and 
of rheobase on the right side 

A presumptive diagnosis of neuroma of the facial nerve was made and 
exploration advised The patient returned to his original ph'sician who 
advised stronglv against anv tvpe of operation on the ear 

Seven months later on February 7 1956 he came back for re-examina 
tion In this Interval his face had graduallv become more paralvzed His 
eye was tearing He had had some paresthesias of the right side of the 
tongue and one or two momentarv spells of true vertigo 

Examination showed a definite small white mass which was pushing 
Shrapnel s membrane out in front of the malleus Electrical testing of 
the right VHth nerve gave results identical with those obtained bv test 
ing seven months previouslv A complete neurologic examination was 
otherwise normal 

This time the patient accepted advice for surgical exploration but 
operation was not performed until June 6 1956 The mastoid was normal 
and well pneumatized The antrum was normal After removal of the 
bon' bridge over the aditus it became evident that the attic was full of a 
mass which appeared to be cholesteatoma The incus and head of the 
malleus were removed The horizontal semicircular canal was prominent 
There was no evidence of a superior semicircular canal The normal 
position of the superior semicircular canal was occupied b' a large 
cholesteatoma which filled the medial part of the attic It extended 
underneath the intratvmpanic portion of the facial nene as well as over 
the lab'rlnth and on top of the bod' of the petrous An area of the 
inner table was eroded and the dura was exposed for an area one-and a 
half cm in diameter in the floor of the middle fossa medial to the laby 
rlnth The intratvmpanic course of the facial nerve had been completely 
exposed b' the cholesteatoma All of the cholesteatoma was removed 
and the facial nerve was decompressed to the stvlomastoid foramen 

The pathologic report confirmed the clinical diagnosis of cholesteatoma 

Postoperatlvelv the radical mastoid cavitv healed normall' Because of 
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vision Leaning or turning to the left produced nausea without vomiting 
In addition to the headache she had a pain which she described as deep 
aching behind the right eye 

On examination, the throat, nose, and left ear were noimal The right 
ear showed a clean radical mastoid cavitv, in which all structures w r ere 
visible The round window r , the oval window with the stapes bound 
down, and the intratympanic course of the facial nerve were clearly 
visible There was some moisture in the region of the Eustachian tube 
Theie was a small area of exposed bone behind the labyrinth Suction 
ing of the middle ear area produced slight dizziness and nystagmus 
The fistula test was negative 


Blood count was normal Roentgenograms showed the previous surgical 
defect In the apex of the petrous the cells were clouded without 
definite bone destruction 


Neurologic examination w r as entirely normal except that the neuiologist 
felt the historj indicated definite meningeal irritation An electro 
encephalogram was reported as abnormal because of isolated slow waves 
which arose in both hemispheres, but more so on the right Extraocular 
muscle function visual fields, and fundi were normal 


A diagnosis of petrositis was made, and operation was advised 

Exploration of the right temporal bone was done on January 30, 1956 
The previously described mastoid cavitj was clean, except for pus in 
one tract of cells immediately superior to the intratympanic course of the 
facial nerve and In another tract of cells behind the labyrinth Explora 
tlon of the postlabv rinthine tract failed to reveal anything unusual 
There was a wide space of pneumatizatlon superior to the superior 
semicircular canal, making it possible to explore the petrous deeply 
under direct vision The bone of the bodj of the petious was granular 
and soft There was granulation tissue in most of the bodj of the petrous 
to the apex This was removed 


After operation the headache disappeaied Visual disturbance also 
disappeared She was discharged eight dajs postoperativelv Except that 
the cavity was slow healing she did well for six weeks and then 
symptoms recurred Over the next three months she had intermittent 
headache and inteimittent blurring of vision Then all symptoms sub¬ 
sided 


Ten months postoperatively she began to have fever, which slowly 
increased to 102 degrees There was also lecurrence of retro ocular pain 
In addition she had some chilly sensation, but no real shaking chills 
Examination at this time showed the ear to be moist All other studies 
Including neurologic examination were within normal limits 

She was carefullv followed for one month During this period the 
temperature ranged from 99 5 to 102 degrees The onlj complaints 
otherwise were a feeling “as though I were being pulled over back 
wards” and increasing drowsiness 


Because of the fever and other sjmptoms, as well as the persistent 
discharge the temporal bone was again explored on November 23, 1956, 
11 months after the first exploration In the angle between the superior 
semicircular canal and the middle fossa dura a piece of sequestrated 
hone was found The petrous bodj and apex were again filled with 
soft m-anular bone w'hich had the appearance of proliferative osteomjelltis 
This was removed The inner table of the roof of the petrous was re- 
tnward the tip until solid bone was encountered in all directions 
u il he n ne could not be identified the Internal auditorj meatus 
muJt hfve been approached since there was twitching of the face Fur 
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ther removal of bone was discontinued A small pol'ethelene tube was 
placed in the petrous tip, and brought out into the mastoid cavity 

The tube was slowlv removed over a period of sis weeks Penicillin 
and chloromi cetin were used continuous^ throughout hospitalization and 
for six weeks after discharge The ear healed primarily Since that 
time the patient has been clinically well and svmptom free 

Case S A man aged 49 was first seen on June 28 1955 His chief 
complaint was progressive hearing impairment in both ears, of three 
years duration 

He stated that during examination in 1952 his attention was called to 
the fact that the right side of his face appeared to be weak There was 
however no paralvsls He gave no history of tinnitus or dizziness 

Examination of the nose throat, nasopharynx and larvnx was normal 
The palate rose normall' The tongue and vocal cords moved normally 
There was weakness of all branches of the Vllth nerve on the right side 
The corneal reflexes were normal The left ear was entirel' normal The 
right eardrum was intact Through the eardrum a small white area was 
visible anterior to the short process of the malleus 

The audiogram was normal up to 2 000 cvcles per second There was 
a high tone loss of hearing in both ears somewhat worse on the left side 

Roentgenograms of the mastoid the skull and the internal audltorv 
meatuses were normal Electrical tests of the right facial nerve showed 
equal chronaxie on both sides but elevation of the voltage required and 
of rheobase on the right side 

A presumptive diagnosis of neuroma of the facial nerve was made and 
exploration advised The patient returned to his original ph\ sician who 
advised stronglj against anv tvpe of operation on the ear 

Seven months later, on February 7 1956 he came back for re-examina 
tion In this interval his face had gradually become more paralyzed His 
eye was tearing He had had some paresthesias of the right side of the 
tongue and one or two momentary spells of true vertigo 

Examination showed a definite small white mass which was pushing 
Shrapnel s membrane out In front of the malleus Electrical testing of 
the right Tilth nerve gave results identical with those obtained bv test¬ 
ing seven months previously A complete neurologic examination was 
otherwise normal 

This time the patient accepted advice for surgical exploration but 
operation was not performed until June 6 1956 The mastoid was normal 
and well pneumatized The antrum was normal After removal of the 
bonv bridge over the aditus it became evident that the attic was full of a 
mass which appeared to be cholesteatoma The incus and head of the 
malleus were removed The horizontal semicircular canal was prominent 
There was no evidence of a superior semicircular canal The normal 
position of the superior semicircular canal was occupied bj a large 
cholesteatoma which filled the medial part of the attic It extended 
underneath the intratvmpantc portion of the facial nerve as well as over 
the labyrinth and on top of the bod\ of the petrous An area of the 
Inner table was eroded and the dura was exposed for an area one-and a 
half cm in diameter in the floor of the middle fossa medial to the lab' 
rinth The intratvmpanic course of the facial nerve had been completed 
exposed b' the cholesteatoma All of the cholesteatoma was remo'ed 
and the facial nerve waB decompressed to the st'lomastoid foramen 

The pathologic report confirmed the clinical diagnosis of cholesteatoma 
Postoperative!' the radical mastoid cavity healed normally Because of 
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vision Leaning or turning to the left produced nausea without vomiting 
In addition to the headache she had a pain which she described as deep 
aching behind the right eye 

On examination the throat, nose, and left ear were normal The right 
ear showed a clean radical mastoid cavitv, in which all structures were 
visible The round window' the oval window with the stapes bound 
down, and the intratympanic course of the facial nerve were clearly 
visible There was some moisture in the region of the Eustachian tube 
There was a small area of exposed bone behind the labyrinth Suction 
ing of the middle ear area produced slight dizziness and nystagmus 
The fistula test w’as negative 


Blood count was normal Roentgenograms show'ed the previous surgical 
defect In the apex of the petrous the cells W'ere clouded without 
definite bone destruction 


Neurologic examination w'as entirely normal except that the neurologist 
felt the history indicated definite meningeal irritation An electro¬ 
encephalogram was reported as abnormal because of isolated slow waves 
which arose in both hemispheres, but moie so on the right Extraocular 
muscle function -visual fields, and fundi were normal 

A diagnosis of petrositis was made, and operation was advised 

Exploration of the right temporal bone was done on January 30, 1966 
The previously described mastoid cavitj was clean, except for pus in 
one tract of cells immediately superior to the intratympanic course of the 
facial nerve and in another tract of cells behind the labyrinth Explora 
tion of the postlabj rinthine tract failed to reveal anything unusual 
There was a wide space of pneumatization superior to the superior 
semicircular canal making it possible to explore the petrous deeplj 
under direct vision The bone of the bodj of the petrous w r as gianular 
and soft There was granulation tissue in most of the body of the petrous 
to the apex This was removed 

After operation the headache disappeared Visual disturbance also 
disappeared She was discharged eight days postoperatively Except that 
the cavity was slow healing, she did well for six weeks and then 
symptoms recurred Over the next three months she had intermittent 
headache and intermittent blurring of vision Then all sjmptoms sub¬ 
sided 


Ten months postoperatively she began to have fever, which slowly 
increased to 102 degrees There was also recurrence of retro-ocular pain 
In addition, she had some chilly sensation but no real shaking chills 
Examination at this time showed the ear to be moist All other studies, 
Including neurologic examination were -within normal limits 


She was carefullj followed for one month During this period the 
temperature ranged from 99 5 to 102 degrees The onlv complaints 
otherwise were a feeling “as though I were being pulled over back 
w ards ” and increasing drowsiness 


Because of the fever and other sjmptoms as well as the persistent 
discharge the temporal bone was again explored on November 23, 1956 
11 months after the first exploration In the angle between the superior 
semicircular canal and the middle fossa dura a piece of sequestrated 
bone was found The petrous body and apex were again filled with 
soft granular bone which had the appearance of proliferative osteomyelitis 
This was removed The inner table of the roof of the petrous was re 
“ * toward the tip until solid bone was encountered in all directions 
mo-h the nerve could not be identified the internal auditory meatus 
must have been approached since there was twitching of the face Fur 
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ther removal of bone yvas discontinued A small polyethelene tube was 
placed in the petrous tip, and brought out into the mastoid cavitv 

The tube was slowly removed over a period of six weeks Penicillin 
and chlorom\cetin were used continuouslv throughout hospitalization and 
for six weeks after discharge The ear healed primanlv Since that 
time the patient has been clinically well and symptom free 

Case 3 A man aged 49 was first seen on June 28 1955 His chief 
complaint yyas progressive hearing impairment in both ears of three 
years duration 

He stated that during examination in 1952 hiB attention was called to 
the fact that the right side of his face appeared to be weak There was 
houever no paralysis He gave no historv of tinnitus or dizziness 

Examination of the nose throat, nasopharynx and larvnx y\as normal 
The palate rose normally The tongue and vocal cords moved normally 
There was weakness of all branches of the Vllth nerve on the right side 
The corneal reflexes were normal The left ear yvas entirely normal The 
right eardrum was intact Through the eardrum a small-white area was 
visible anterior to the short process of the malleus 

The audiogram was normal up to 2 000 cvcles per second There was 
a high tone loss of hearing in both ears somewhat yvorse on the left side 

Roentgenograms of the mastoid the skull and the internal auditorv 
meatuses were normal Electrical tests of the right facial nerve showed 
equal chronaxie on both sides but elevation of the voltage required and 
of rheobase on the nght side 

A presumptive diagnosis of neuroma of the facial nerve was made and 
exploration advised The patient returned to his original physician, who 
advised strongly against anv tvpe of operation on the ear 

Seven months later on February 7 1956 he came back for re-examina¬ 
tion In this Interval his face had gradually become more paralvzed His 
eve yvas tearing He had had some paresthesias of the right side of the 
tongue and one or two momentary spells of true vertigo 

Examination showed a definite small white mass which was pushing 
Shrapnel s membrane out in front of the malleus Electrical testing of 
the right YHth nerve gave results identical with those obtained bv test¬ 
ing seven months previously A complete neurologic examination was 
otherwise normal 

This time the patient accepted advice for surgical exploration but 
operation was not performed until June 6 1956 The mastoid was normal 
and well pneumatized The antrum was normal After removal of the 
bony bridge over the adltus it became evident that the attic yvas full of a 
mass which appeared to be cholesteatoma The incus and head of the 
malleus were removed The horizontal semicircular canal was prominent 
There was no evidence of a superior semicircular canal The normal 
position of the superior semicircular canal was occupied bv a large 
cholesteatoma which filled the medial part of the attic It extended 
underneath the intratvmpanic portion of the facial nerve as well as oyer 
the labvrinth and on top of the body of the petrous An area of the 
Inner table was eroded and the dura yvas exposed for an area one-and a 
half cm in diameter in the floor of the middle fossa medial to the laby¬ 
rinth The intratvmpanic course of the facial nerve had been completely 
exposed by the cholesteatoma All of the cholesteatoma was removed 
and the facial nerve was decompressed to the stylomastoid foramen 

The pathologic report confirmed the clinical diagnosis of cholesteatoma 

Postoperativelv the radical mastoid cavity healed normally Because of 
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the facial paral>sis which became complete electrical treatments were 
carried out dailv Two and a half months postoperatlvely slight motion 
of the nasalus muscle was suspected This was more definite by the end 
of four and a half months 

The patient was not seen again until June 21, 1957 approximate!} one 
}ear after operation Examination showed definite motion of all branches 
of the right facia! nerre except the frontalis The patient said he had 
noticed beginning motion in March of 1957 He also said that on occa 
sions he had had a momentar} feeling of propulsion, but no real vertigo 

Audiograms at this time showed 50 decibels loss of hearing up to 1 500 
cjcles per second There was a sharp drop above that to 100 db loss 
at 6,000 cycles per second 



Case A girl, aged 18 was examined on Februar} 16, 1957, because of 
hearing loss and low pitched buzzing tinnitus 

Seven months prior to admission on July 21, 1956 she had been the 
guest passengei In the front seat of a car An accident occurred during 
which she was thrown forward and hit the left side of bei head against 
the dashboard There was no facial laceration or unconsciousness The 
left ear bled some, but It was not treated 

She noted loss of hearing in the left ear immediateh after the acci 
dent, and for one week after the accident she had a loud buzzing tinnitus 
This' improred somewhat but a low pitched buzzing tinnitus persisted 
There had been no \ertigo at an} time She denied past ear disease, and 
claimed entirelr normal hearing prior to the accident, howe\er, she had 
never had the hearing tested 


Examination disclosed no abnormalities except for the left ear The 
enrdium on this side appeared to be sligbth retracted The incudo 
atnnpdial mint was risible thiougb the drum and appeared to be In 
normal position The above audiogram of the left ear showed 

This is a pure conducts e hearing loss Inflation of the Eustachian 
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tube on the left side produced only a 10 decibel improvement at 1 500 
cvcles and a 5 db improvement at 2 000 cycles With both 500 and 1 000 
mcle tuning forks the TVeber test was constantlv lateralized to the left 
ear e\en when the right external auditory canal nas occluded The 
Rlnnd test was negathe on the left side with both forks These tests 
had been done previously bj two other otolarvngologists 

Roentgenograms of the mastoid showed normal well areated temporal 
bones on both sides 

A diagnosis of probable dislocation of the incus was made 

On March 27 1957 eight months after the injury exploratory operation 
was performed Since it was anticipated that the incus might have to 
be remoyed the middle ear was approached through the postaural in 
cision Enough mastoid cells were removed to permit easj visualization 
of the middle ear There was a large zygomatic extension of air cells 
which made it possible to expose the attic of the middle ear without 
disturbing the soft tissue of the external auditory canal or the eardrum 
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Careful removal of the inner quarter of the bonv external canal down 
to the horizontal semicircular canal allowed visualization of the ossicles 
The incudo-malleolar joint appeared to be normal The superior malleolar 
ligament was normal The incus was completelv dislocated from the 
stapes Directed anteriorlv it vras holding the stapes partially fixed 
however there yyas some mobility of the stapes Since it yyas not pos¬ 
sible to replace the incus on the head of the stapes so that it would 
remain it was therefore removed The cay it} yyas closed 

The aboye audiogram of the left ear taken on Januarv 14 195S ten 
months postoperatively, showed 

The result is best stated in the patients yyords ‘I hear 100 per cent 
better and I notice it mostlv in cony ersatlon ’ 

Although the final hearing result is not normal it falls in the range 
of better than 25 db in all speech tones except those of 2 000 cy cles per 
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the facial paralysis which became complete, electrical treatments were 
carried out daily Two and a half months postoperatively slight motion 
of the nasalus muscle was suspected This was more definite by the end 
of four and a half months 

The patient was not seen again until June 21, 1967, approximately one 
year after operation Examination showed definite motion of all branches 
of the right facial nerve except the frontalis The patient said he had 
noticed beginning motion in March of 1957 He also said that on occa 
sions he had had a momentary feeling of propulsion, but no real vertigo 

Audiograms at this time showed 50 decibels loss of hearing up to 1,500 
cycles per second There was a sharp drop above that to 100 db loss 
at 6,000 cycles per second 
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Case h A girl aged 18, Mas examined on Februan 16 1957, because of 
bearing loss and low pitched buzzing tinnitus 


Seven months prior to admission on July 21, 1956 she had been the 
guest passenger in the front seat of a car An accident occurred during 
-which she was thrown forward and hit the left side of her head against 
the dashboard There was no facial laceration or unconsciousness The 
left ear bled some, but it was not treated 


She noted loss of hearing in the left ear immediatelj after the acci 
dent and for one week after the accident she had a loud buzzing tinnitus 
This’ improved somewhat but a low pitched buzzing tinnitus persisted 
There had been no vertigo at anj time She denied past ear disease and 
claimed entirely normal hearing prior to the accident, however she had 
never had the hearing tested 


TTvomination disclosed no abnormalities except for the left ear The 
eardrum on this side appeared to be slights retracted The incudo- 
ff Jnodifll ioint was visible thiough the drum and appeared to be In 
normal portion The above audiogram of the left ear showed 

This is a pure conductive hearing loss Inflation of the Eustachian 
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tube on the left side produced onli a 10 decibel improvement at 1,500 
cvcles and a 5 db improvement at 2 000 cycles With both 500 and 1 000 
cvcle tuning forks the Weber test was constantlj lateralized to the left 
ear, even when the right external auditorv canal was occluded The 
Rinnd test was negath e on the left side with both forks These tests 
had been done previously bj two other otolarvngologists 

Roentgenograms of the mastoid showed normal well areated temporal 
bones on both sides 

A diagnosis of probable dislocation of the incus was made 

On March 27 1957 eight months after the injure exploratorj operation 
was performed Since it was anticipated that the incus might have to 
he remoted the middle ear was approached through the postaural in 
clsion Enough mastoid cells were removed to permit easy visualization 
of the middle ear There was a large zigomatic extension of air cells 
which made it possible to expose the attic of the middle ear without 
disturbing the soft tissue of the external auditors canal or the eardrum 
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Careful removal of the inner quarter of the bonv external canal down 
to the horizontal semicircular canal allowed visualization of the ossicles 
The incudo-malleolar joint appeared to be normal The superior malleolar 
ligament was normal The incus was completelv dislocated from the 
stapes Directed anteriorli it was holding the stapes partiallv fixed 
however there was some mobllit* of the stapes Since it was not pos¬ 
sible to replace the incus on the head of the stapes so that it would 
remain it was therefore removed The cavity was closed 

The above audiogram of the left ear taken on January 14 1958 ten 
months postoperative!*, showed 

The result is best stated in the patients words I hear 100 per cent 
better and I notice it mostly in comersation 

Although the final hearing result is not normal it falls in the range 
of better than 25 db in all speech tones except those of 2 000 c* cles per 
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the facial paralysis, -which became complete, electrical treatments were 
carried out daily Two and a half months postoperatively slight motion 
of the nasalus muscle was suspected This was moie definite by the end 
of foui and a half months 

The patient was not seen again until Tune 21, 1957, appioximately one 
jear after operation Examination showed definite motion of all branches 
of the right facial nerve except the frontalis The patient said he had 
noticed beginning motion in Maicli of 1957 He also said that on occa 
sions he had had a momentaiy feeling of propulsion, but no real vertigo 

Audiograms at this time showed 50 decibels loss of hearing up to 1,500 
cycles per second Tlieie was a shaip diop above that to 100 db loss 
at 6,000 cycles per second 
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Ccnc } A girl, aged 18 was examined on Februar> 36 1957 because of 
hearing loss and low pitched buzzing tinnitus 

Seven months prior to admission on July 21, 1966, she had been the 
guest passenger in the front seat of a car An accident occuiied, during 
which she was thrown forward and hit the left side of her liend agninst 
the dashboard There was no facial laceiation or unconsciousness The 
left ear bled some, but it was not tieated 


She noted loss of hearing in tiie left ear immediate]) aftei the acci 
dent and for one week after the accident she had a loud buzzing tinnitus 
This’ impioved somewhat but a low pitched buzzing tinnitus persisted 
There had been no -vertigo at ail) time She denied past ear disease and 
claimed entiielv normal hearing prior to the accident, however, she had 
never had the hearing tested 


-irvnminatlon disclosed no abnormalities except for the left ear The 
eardrum on this side appeared to be sllghtlv retracted The incudo 
", < nint -uas -visible through the drum and appealed to be in 
normal iosiUon The above audiogram of the left ear showed 

This is a pure conductive lieaiing loss Inflation of the Eustachian 
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One case of dislocation of the incus is also reported Sur¬ 
gical removal of this bone was followed by clinically useful 
heaung 
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second These findings would tend to confirm the stated opinion of 
others that serviceable hearing is possible without the ossicular chain 
Thej also support the feeling that an intact ossicular chain is responsible 
for 20 to 25 decibels of hearing 

Speech reception thieshold was lecoided at 26 28 decibels Tolerance 
to loud sound was normal Ninetj decibels of sound, pure tone, and 
white noise were not uncomfortable 

COMMENT 

The vanation m the histones of the fast three patients 
emphasizes the diffeient symptoms and signs which can be 
pioduced by disease of the petious portion of the tempoial 
bone These aie annoying lecunent pain, usually behind 
the eye, peisistent auial dischaige, paialysis of the Vlth and 
Vllthneives, meningeal nutation, vertigo 

The fast patient had all symptoms and signs except letio- 
ocular pam The second had all signs except Vlth and Vllth 
neive paialysis, but theie were signs of ease of oculai muscle 
fatigue The thud patient showed only Vllth nerve paialysis 
and mild, nondiagnostic vertigo 

Roentgenograms of the petrous (Stenvei’s and base plates) 
gave valuable information m two of the patients These aie 
necessaiy additions to loutme mastoid films when any deep 
involvement is suspected 

The case of pumaiy cholesteatoma is intei esting because 
it is laie As in a similai case, repoited by Di Kenneth 
Day , 1 the mastoid portion of the tempoial bone was noimally 
pneumatized 

Exploiation and diamage of pus oi removal of diseased 
bone is essential to successful lecoveiy when the petious is 
involved It is, theiefoie, evident that the otolaryngologist 
must constantly leview the anatomy of the deep tempoial 
bone Antibiotics alone are not the answei 

SUMMARY 

Tluee cases of disease of the petious poition of the tempoial 
bone aie piesented Despite the lanty of petiositis, it points 
up the necessity of constant leview of the anatomy of the 
deep tempoial bone 
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One case of dislocation of the incus is also leported Sur¬ 
gical lemoval of tins bone was followed by clinically useful 
lieaiing 
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second These findings would tend to conflim the stated opinion of 
otheis that serviceable healing is possible without the osslculm chain 
The\ also suppoit the feeling that an intact osslculai chain is responsible 
foi 20 to 25 decibels of hearing 

Speech lccoption threshold was lecoided at 2G 2S decibels Toleiance 
to loud sound was normal Ninet\ decibels of sound, puie tone, and 
white noise were not uncomfortable 


COMMENT 

The vanation m the histones of the fust thiee patients 
emphasizes the diffeient symptoms and signs which can be 
pioduced by disease of the petious poition of the tempoial 
bone These aie annoying i ecmient pain, usually behind 
the eye, peisistent auial dischaige, paialysis of the Vlth and 
Vllth neives, meningeal nutation, veitigo 

The fust patient had all symptoms and signs except letio- 
oculai pain The second had all signs except Vlth and Vllth 
neive paialysis, but theie weie signs of ease of oculai muscle 
fatigue The thud patient showed only Vllth neive paialysis 
and mild, nondiagnostic veitigo 

Roentgenogiams of the petious (Stenvei’s and base plates) 
gave valuable mfoimation m two of the patients These aie 
necessaiy additions to loutme mastoid films when any deep 
involvement is suspected 

The case of pnmaiy cholesteatoma is mtei estmg because 
it is laie As m a sinnlai case, lepoited by Di Kenneth 
Day, 1 the mastoid poition of the tempoial bone was noimally 
pneumatized 

Exploiation and diamage of pus oi lemoval of diseased 
bone is essential to successful lecoveiy when the petious is 
involved It is, theiefoie, evident that the otolaiyngologist 
must constantly leview the anatomy of the deep tempoial 
bone Antibiotics alone aie not the answei 

SUMMARY 

Tlnee cases of disease of the petious poition of the tempoial 
bone aie piesented Despite the lanty of petiositis, it points 
up the necessity of constant leview of the anatomy of the 
deep tempoial bone 
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One case of dislocation of the incus is also leported Sur¬ 
gical lemoval of this bone was followed by clinically useful 
heaxing 
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to approximately twenty participants 

The fee for the course is §250 and includes tuition, 100 m 
and board The first week will constitute a complete course 
for doctors and nuises, and the reduced fee for tins will be 
§200 Application should be made to Mi William A Macom- 
ber, Colby College, Waterville, Mame 



EXPERIMENTAL OBSERVATIONS ON SQUAMOUS 
METAPLASIA OF THE TRACHEA +f 

Noble 0 Correll, M D , 
and 

Edward J Beattie, Jr , M D , 

(By Invitation), 

Chicago, Ill 
INTRODUCTION 

In 1955 we began studies of the physiology of the tiachea 1 
Since much of the leseaich on lespuatoiy epithelium has 
been accomplished by otolaiyngologists we felt that oui find¬ 
ings might be of mteiest to this gioup 

REVIEW OF THE LITERATURE 

Moie than 25 yeais ago theie had been numeious obseiva- 
tions on the physiology of the epithelium of the lespnatoiv 
passages, by seveial diffeient mvestigatois 11 n in ' u 

In 1956, Hildmg published a senes of foiu ai tides on cig- 
aiette smoking, bionclual caicmoma and ciliaiy action M " 15 
Pioetz has also made numeious substantial contilbutions to 
the undeistanding of the physiology of lespuatoiy epithe¬ 
lium I= 11 A complete leview of the above liteiatuie m this 
papei is not possible noi necessaiv 

We weie mteiested m knowing whethei the dnection of 
beat of the cilia was mheient within the cell oi due to some 
othei factoi We also wanted to know whethei an autogen¬ 
ous devasculanzed fiee tiacheal giaft would smvive, and if 
so, how the epithelium legeneiated 

In both dogs and chickens it was possible to excise two- 

*Ronil nt tl»o nuotiiifr of tlio Middle Sictlon of tlio American I->nr' nprolofr- 
Icnl Rhinoloprlcal mul Otoloprlcnl SocIcO Inc Clilcnfro 111 Inn It 1T> S 

tl'roin tlio Surpluil Ri Hcarch Laboratories Pros!)' tcrinn-St, Luke a JJos- 
pltnl nml tlio Unlierslli of IUIiioIh School of Medicine ChlcnKO Ill 

minors Note This mnnuscrlpt rictlwd In The Lnr\ otoscope Office nml 
accepted for publication March 10 ions 
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inch segments of the ceivical tiachea and anastomose the de- 
vasculanzed autogenous tiacheal segment in a leveised direc¬ 
tion, so that the cilia of the giaft pointed caudad Those ani¬ 
mals and buds which survived weie killed and autopsied aftei 
vanable penods The trachea, including the giaft, was ex¬ 
cised, fixed and stained foi histological examination 

The giaft showed ischemic degeneiative changes through¬ 
out the fust 12 days Duimg this penod the only lemnant of 
the epithelium was islands of leserve cells winch wei e always 
m evidence Appioximately two weeks following the le¬ 
vel sal of the giaft, levasculanzation could be seen m the 
sub-mucosal stioma, and by thiee weeks the noimal ciliated 
epithelium had completely legeneiated from the suivivmg 
islands of cuboidal type reserve cells 

It was demonstrated that the cilia of the leveised tiacheal 
giaft letam then dnection of beat with lespect to the graft, 
thus propelling the oveilymg mucus stieam caudad 

An incidental finding duung these experiments was that 
m the dog, the cncumfeiential tracheal anastomoses tended to 
stucture Such a tendency could be discouiaged by lotatmg 
the giaft so that the membianous poitions of the giaft and 
trachea did not meet This pui poseful lotational mal-align- 
ment lesulted m a ring of solid cartilage at the anastomotic 
sites which resisted stenosis 

The chickens, havmg complete cartilaginous lings without 
a membianous portion, showed no tendency towaid stricture 
of their tiacheal anastomoses 

Anothei incidental finding was that the buds and animals 
with leveised tiacheal giafts always earned a ring of mucus 
at the caudad anastomosis, wheie it was continuously being 
piled up by the cilia These cieatuies weie foiced to cough at 
legulai mteivals to clear then mucus accumulations 

The pioximal anastomosis was always diy and underwent 
squamous metaplasia When the anastomoses were excised 
and the ends le-appioximated, squamous metaplasia again 
occuned at the site of the pioximal anastomosis This find- 
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INTRODUCTION 

In 1955 we began studies of the physiology of the tiachea 1 
Since much of the leseaich on lespnatory epithelium has 
been accomplished by otolaiyngologists we felt that oui find¬ 
ings might be of mteiest to this group 


REVIEW OF THE LITERATURE 

More than 25 years ago there had been numeious observa¬ 
tions on the physiology of the epithelium of the lespnatory 
passages, by several different mvestigatois 3i ' 1 ' 010 11 

In 1956, Hildmg published a series of four ai tides on cig¬ 
arette smoking, bionclnal caicmoma and ciliary action 5 0 7 8 
Proetz has also made numeious substantial contilbutions to 
the understanding of the physiology of lespnatory epithe¬ 
lium 1213 A complete review of the above hteiature m this 
papei is not possible nor necessary 

We weie interested m knowing whethei the dnection of 
beat of the cilia was mheient within the cell oi due to some 
othei factoi We also wanted to know whethei an autogen¬ 
ous devasculanzed fiee tiacheal giaft would survive, and if 
so, how the epithelium regenerated 

In both dogs and chickens it was possible to excise two- 


• Rpnd nt the meeting of the Middle Section of the Amerlcnn Lary ngolog- 
lcal Rhlnologlcal and Otologlcal Soeletj Inc Chicago Ill Jan 13 1068 
+ TCrnm the Surgical Research Laboratories Presby terlan-St Lukes Hos¬ 
pital and the University of Illinois School of Medicine Chicago III 

TPditnrs Note This manuscript recelyed In The Laryngoscope Office and 
accepted for publication March 10 1958 
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mg was piesent in all of the buds and animals with leveised 
tiaeheal giafts 

The woik just desenbed has been pieviously leported 12 

METHODS 

Foui dogs weie allowed to live longei than one yeai aftei 
then tiaeheal giaft leveisals Two dogs weie killed on then 


j 

i 


i 



Fig 3 Trachea caudad to reversed graft in a dog: 600 dajs after re¬ 
versal of cervical trachea and nine dajB after permanent tracheostomj 
cephalad to the graft Note the absence of ciliated columnar cells which 
have presumablj sloughed as the result of inflammation from retained 
secretions 


400th post-opeiative day They weie autopsied and then- 
tracheal giafts, including the anastomoses, weie piepaied for 
histological examination Two dogs weie given peimanent 
tracheostomies, bunging the cricoid cartilage out as a tracheal 
stoma on then 450th and 500th post reveisal day lespectively 

A fifth dog is living as a pet, with a cervical tiaehea le- 
versed more than two and one-half years ago 
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Fig 1. Squamous metaplasia of proximal anastomosis of reversed auto 
genous tracheal graft 



Flsr 2 PerslBtent squamous metaplasia of proximal anastomosis 400 
dajs after reversal of cervical trachea in the dog 
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mg was present in all of the buds and animals with leveised 
tracheal giafts 

The woik just descubed has been previously lepoi-ted 12 

METHODS 

Foui dogs weie allowed to live longei than one yeai aftei 
then tiacheal giaft ie\eisals Two dogs wei e killed on then 


r 


! 


t 



Fig 3 Trachea caudad to reversed gTaft In a dog BOO daj s after re¬ 
versal of cervical trachea and nine da> s after permanent tracheostom> 
cephalad to the graft Note the absence of ciliated columnar cells which 
bav e presumabl> sloughed as the result of inflammation from retained 
secretions 


400th post-opeiative day They weie autopsied and then 
tracheal grafts, including the anastomoses, weie piepared for 
histological examination Two dogs weie given peimanent 
tracheostomies, bunging the cncoid cartilage out as a tiacheal 
stoma on then 450th and 500th post leversal day lespectively 

A fifth dog is living as a pet, with a cervical tiachea le- 
versed more than two and one-half years ago 
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RESULTS 

The two dogs killed 400 days following leveisal of then 
ceivical tiacheas showed heavily ciliated columnai epithelium 
lining the giaft Theie was squamous metaplasia of the 
proximal anastomosis which diffeied m no lespect fiom the 
metaplastic changes found m the pioximal anastomoses of all 
the pievious specimens examined (see Figs 1, 2) 

The two dogs given peimanent ti acheostomies died eight 
and nine days latei of letamed secietions, with asphyxia and 


i 

( 

i 



FIet 6 Another section from the same graft as Fig 5 showing mucus 
pits 


severe tiacheo-bionchitis The epithelium of then tracheas 
diffeied from that of then giafts, m that the trachea showed 
uniform suivival of the leserve cells only, m an oideily solid 
sheet (see Fig 3), while the grafts showed moie sub-mucosal 
vascularity and a thicker, moie metaplastic and basophilic 
epithelium (see Fig 4) 


DISCUSSION 


Whether this heaviei, better preserved epithelium is the re- 
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suit of a bettei blood supply oi a distoited giowth pattern 
brought about by the pievious phase of legeneiation of the 
giaft is not known 

It does appeal that the epithelium of the giaft usually dif- 
feis m some lespects fiom the normal lespuatoiy epithelium 
Theie aie moie mucus pioducmg cells m the epithelium of 
the giafts (see Fig 5), and many of these cells aie clumped 
togethei, foimmg a clustei of ciliated goblet cells located 
aiound a depiession m the suiface of the mucosa (see Fig 6) 
These glandular, mucus pioducmg pits, lined by cilia, aie 
moie numeious than the well-known lacemose glands of the 
tiacheo-bionclnal tiee The “mucus pits” aie also moie 
shallow, the entiie glandulai aggiegate being supeificial to 
the basal layei of leseive cells of the epithelium 

Even the suiface of noimal tiacheal epithelium is pock- 
maiked by glandulai oi if ices when examined undei suitable 
magnification and illumination Whethei these ciateis lepie- 
sent “mucus pit” glands oi openings of the lacemose glands 
ducts is not known 

SUMMARY AND CONCLUSIONS 

1 Squamous metaplasia of the cephalad anastomosis of le- 
veised autologous tiacheal giafts peisists foi moie than one 
yeai 

2 The mucosal lining of the giafts seems unusually well 
supplied with ciliated goblet cells, fiequently clusteied aiound 
“mucus pits ” 

8 The legenerated epithelium of the giafts exhibits an ab- 
noimal lesponse to infection, the significance of which is un¬ 
known 
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UNUSUAL TUMORS OF THE TONSIL AREA *f 

Lewis W Jordan, M D , 

Poitland, Ore 


INTRODUCTION 

Since distuibances of the tonsil and its suiioundmg stiuc- 
tuies aie commonly caused by infection, it was thought that 
by way of conti ast a discussion of five tumois in this area 
would be of geneial mteiest and value 

These tumois aie 1 Osteoma of the innei suiface of the 
mandible piesentmg in the left tonsil fossa, 2 Fibio-liposar- 
coma ansmg on the doisum of the tongue and extending into 
the light tonsil fossa, S Mixed tumoi of abenant salivaiy 
gland m the nasophaiynx invading the left postenoi pillai, 
U Malignant lymphoma of the light tonsil, 5 Squamous cell 
carcinoma of the left tonsil The fust three tumois occui 
latliei commonly in many paits of the body but aie unusual 
m the sites to be descubed, while the last two neoplasms aie 
occasionally seen only in the tonsils 

OSTEOMA OF MANDIBLE 

Case 1 Mrs V H white, age 50 was refened on Nov 29, 1954 because 
of an asymptomatic medial protiuslon of the left tonsil which had been 
found during a routine physical examination The tonsils were atrophic 
and the one on the left appeared to be displaced medially bv a large firm, 
discrete, and fixed mass about 5 or 6 cm in dfametei coming up from 
the base of the tonsil fossa The eai, nose, throat nasopharynx, laiynx, 
sinuses, and neck showed no essential pathology, and the general exam 
Ination was not contiibutan The lepoit of a small biopsy was “chronic 
tonsillitis with focal ulceiatlon” 

Under general anesthesia on Dec 13, 1954, a vertical incision made be 
hind the anterior pillar immediately disclosed a smootli and spherical 
osteoma with the atrophic tonsil stretched over it Both tonsils were 
removed by dissection and snare The bony tumoi was found to be at 
tached to the inner surface of the angle of the mandible by a verv broad 
base By means of mastoid gouges several large fragments of the mass 
were remo\ed The bone was so hard that the edge of one gouge was 


•Read at tho meeting of the Western Section American Lary ngologlcnl 
Rhlnological and Otologlcnl Society Inc Beverly Hills Calif Jan IS 1958 
■frrom the Department of Otolaryngology University of Oregon Medical 
School Portland Ore 

visitors Note This manuscript received In The Larv ngoscope Office and 
accepted for publication 'March d 1958 
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broken Bv this time it was evident that complete removal of this benign 
tumor would be a major procedure which was not justified bi the 
svmptoms Accordlnglv the wound was closed bv suturing the anterior 
and posterior pillars together 

The pathology report bv Dr Warren C Hunter was as follows In ad 
dition to tonsil’s there are a numbei of pieces of bone the largest meas 
uring 2 5x15 cm having roughened and somewhat cancellous surface 
opposite to a smooth and convex aspect The mass cut with great dif¬ 
ficult! and mostl' appeared solid rather than cancellous 

In nncrosections the mass proved to be extremelv dense bone poor in 
bone cells and with a good many Haiersian canals present. If this is 
other than an exostosis it can be termed an osteoma (see Fig 1) 



Fig 1 Case 1 Photomicrograph (X160) depicting representative slruc- 
ture of osteoma together with Ha\ers!an canals 


Bv Dec 20 the edges of the wound had separated and the bare osteoma 
was widelv exposed On Jan 21 19o5 the bonv mass was still completed 
exposed with no evidence of progress in covering bv soft tissue however 
shortlv thereafter a large superficial sequestrum was removed which 
revealed healthv granulations extending over the entire osteoma In a 
few davs the area was completelv covered bv normal mucosa 

The post-operatn e Xrav report of Dr Arthur L Hunter on Dec 23 
1954 stated Radiographv of the left mandible shows a huge semi-oval 
calcium densitv projecting medial to the angle of the mandible on the 
left side This densitv measures about 5 or 6 cm in greatest diameter 
and has the radiographic characteristics of a huge osteoma (see Pig 2) 

The patient was last seen on Aug 20 1957 at which time the mass 
appeared to be unchanged in size and the patient was having no throat 
svmptoms 
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Thoma 1 descnbed the lemoval of a similai tumoi by an 
extiaoial appioach The mass was so laige that it mteifeied 
with talking and pi evented the weaung of an uppei dentine 
Because the osteoma was so haid it was necessaiy to lemove 
pait of the coitex of the mandible with the specimen The 
same wntei states, 2 “The development (of an osteoma) may 
occui m any pait of the maxilla and mandible and anses 
fiom piefoimed bone, penosteum 01 letamed caitilage cells 
fiom the embiyonic chondioskeleton Giowth is piogiessive, 



ripr - Case 1 Osteoma of Jlnndlble ns soon b> X-rn> 


but slow, and the tumoi is benign in chaiactei It starts 
spontaneously and is believed by many to be of tiaumatic 
but nomnflammatoiy ongm Its giowth geneially ceases 
with the teimmation of geneial skeletal development” 

Uhlei 3 piesented the case of a man with such a laige 
pedunculated osteoma attached to the lowei fast molai area 
that the tongue was displaced, making the intake of food dif¬ 
ficult The tumoi was thought to be the lesult of a blow to 
the lowei jaw 37 yeais befoie Removal was accomplished 
with a Gigli saw 
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Rosedale and Haigiaves 4 leported the case of a coloied man 
with an osteoma of the mnei surface of the mandible extend¬ 
ing fiom the left lateial mcisoi tooth as fai postenoily as the 
postenoi pillai of the tonsil and extending veitically fiom the 
supenoi surface of the mandible to the mfeiioi suiface Be¬ 
cause of difficulty m swallowing and speaking it was lemoved 
mtiaoially 

Tiue osteomas occui lathei fiequently in the frontal sinus 
Ewing 5 states that these anse fiom fiagments of cartilage 
connected with the ethmoid Osseous change of the maxilla 
and mandible often is associated with dental pathology and 
the occunence of an exostosis is lathei common At times, 
bone is combined with cartilaginous, fibious, 01 othei types 
of tissue in a neoplasm The toius palatmus and toius man- 
dibulans aie common and usually cause difficulty only m the 
wealing of dentuies 


FIBRO-LIPOSAJRCOUA OF THE TONGUE 

Case 2 Air M R white, age 45 sought treatment on No' 4 1944 be¬ 
cause of the sensation of a foreign bod' In his throat. He stated that in 
1923 (age 24 vrs ) a tumor had been removed from the posterior part of 
his tongue The record of this procedure was not aiailable Later he 
"as treated bj the late Dr Frank B Kistner of Portland Ore whose 
record was as follows This patient was seen in 1927 (age 2S its ) at 
which time a large mass "as found attached to the lo"er outer border 
of the anterior surface of the right side of the epiglottis On Jan 7 this 
was removed b' sharp dissection under suspension laryngoscopv The 
pathological diagnosis was adenomvxoma with doubtful malignancv In 
Alav 1941 a biops\ was taken which sho"ed no malignanc' 

The examination in 1944 (age 45 vrs ) showed a rather large vello" 
smooth soft and lobulated mass on the right side of the tongue extend 
ing from the epiglottis to the deep surface of the right tonsil (see Fig. 3) 
Nothing else of significance "as found in the local or general ph'sical 
examination On Dec 7 1944 under general anesthesia the tumor was 
removed bv sharp dissection along with both tonsils The tumor had 
extended between the capsule of the right tonsil and the fossa bed Bleed 
ing was slight and the mass whose dimensions were 4 5x3 5x1 cm was 
surrounded b' a definite capsule and was on the surface of the tongue 
The pathological diagnosis by Dr W arren C Hunter was submucous 
lipoma He commented that this was the first time that he had seen a 
lipoma in this location 

The "ound healed well and periodic examinations shoved no recur 
rence until June 20 1952 (age 53 vrs ) when a discrete mass about 1 cm 
in diameter with a broad base was found on the right side of the tongue 
in the vallecular fossa The patient returned for surgerv on Feb 7 1953 
The tumor was now about the size of an oil' e and was removed bv sharp 
dissection under local anesthesia A small adjoining mass was also 
resected 
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Thoma 1 descubed the lemoval of a similai tumoi by an 
extiaoial appioach The mass was so laige that it inteifeied 
with talking and pi evented the weaung of an uppei dentine 
Because the osteoma was so haid it was necessary to lemove 
part of the cortex of the mandible with the specimen The 
same wntei states, 2 “The development (of an osteoma) may 
occui in any part of the maxilla and mandible and anses 
fiom pieformed bone, periosteum 01 letamed cartilage cells 
fiom the embryonic chondioskeleton Giowth is piogiessive, 



pig 2 Case 1 Osteoma of Mandible as seen bt X-raj 


but slow, and the tumoi is benign m chaiactei It starts 
spontaneously and is believed by many to be of tiaumatic 
but nonmflammatoiy ongm Its giowth geneially ceases 
with the teimmation of geneial skeletal development ” 

Uhlei 3 piesented the case of a man with such a laige 
pedunculated osteoma attached to the lowei fust molai aiea 
that the tongue was displaced, making the intake of food dif¬ 
ficult The tumoi was thought to be the lesult of a blow to 
the lowei jaw 37 yeais befoie Removal was accomplished 
with a Gigli saw 


FIs' -1 Case 2 Top—Photomicrograph (X160) of a representatK e por¬ 
tion of the original tumor removed in 1927 Adult-tvpe fat cells are 
abundant but between these In places are elongated cells with fairlv large 
and ier\ deeplv stained nuclei representing the sarcomatous element. 
Middle—Recurrent tumor of 1944 at this time entlrel-v lipomatous and non- 
malignant (X160) Lower—Representatli e area from the 1953 recurrence 
now somewhat more sarcomatous than In 1927 but still containing man) 
adult adipose cells (X160) 
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Pig 3 Case 2 Flbro-liposarcoma of dorsum of tongue extending into 
tonsil fossa 


The pathology examination as lecorded by Dr Hunter -was as follows 
The pathological diagnosis of the tumoi removed in 1927 was adeno 
mjxoma with doubtful malignanct ” 

Reviewed in late 1957 the histopathology proved to be identical with 
that observed m the recunence of 1953 termed recurrent fibro llposar 
coma 

In 1944 a mass of jellow tissue dnided into two parts bj a cleft sur 
rounded bt a thin fibrous zone and measuring 4 5\3 5x1 cm was reviewed 

Microscopically this proved to be principal^ fat cells of adult type, 
top-other with some mature collagenous type connective tissue Vascu 
, f it , was not at all excesshe There were no lipoblastic cells The 
pathologic diagnosis was submucous lipoma 
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ailrcular, peuneal and mediastinal legions They geneially 
first appeal as rounded swellings of spontaneous origin, winch 
grow steadily 01 lapidly until large 01 bulky masses result 
with prominent piessuie svmptoms They aie usually en¬ 
capsulated until recun ences deielop as diffusely infiltrating, 
highly malignant and metastasizing piocesses ” 

Boyd 10 m discussing letiopentoneal hposai comas says 
"Microscopically the greater part of the mass consists of adi¬ 
pose tissue, but here and theie may be found areas of myxo¬ 
matous tissue and sarcomatous formation It appeals probable 
that these have de\ eloped pnmanly and that the tumoi 
lepiesents an embryonal type of tissue, rathe) than that they 
aie due to a transformation of the lipoma ” 


MINED TUMOR OF THE XASOPHARTXX 

Case J Mrs D C M white age 52 In a general physical examination 
bv Dr Eldon W Snow on Feb 10 1957 a swelling of the left tonsil area 
was noted It appeared as a fullness of the soft palate and posterior 
pillar which pushed the tonsil forward and medially The mass did not 
appear to change in size and on Oct. 27 1957 was explored br Dr Snow 
Upon removal of the normal tonsil the tumor immediately pro'ruded 
through the posterior pillar It appeared to be of the consistencv of 
cartilage which fragmented easilv and was readllr separated from the 
surrounding tissue A large fragment was removed for biopsv and the 
pathological examination bv Dr Warren C Hunter revealed chondro¬ 
sarcoma 

X rav examination bv Dr Arthur L Hunter revealed a large discrete 
opacitv about 4 cm. in diameter protruding from the left lateral nail of 
the nasopharvnx bevond the midline with no evidence of hone destruc¬ 
tion X rav examination of the thorax was normal Otolarvngnloglcal 
examination showed the soft palate and left posterior pillar to he pushed 
forward bv a large mass covered with normal mucosa protruding into 
the nasopharvnx from the left side It extended almost to the midline 
and compressed the Eustachian orifice Xo other significant abnonnalitv 
was found 

Definitive surgerv was carried out bv the writer on Xov 21 1957 
Under general anesthesia, the left external carotid arterv was ligated 
below the lingual branch A tracheotomv was performed to facilitate 
anesthesia, and the hvpoptaarmx was completelv packed off A vertical 
Incision was made through the left side of the soft palate beginning In 
the tonsil fossa and extending upwardlv to the posterior edge of the 
hard palate Tumor tissue with a definite capsule was immediatelv 
encountered It was soon found that the tumor extended into the sur 
rounding muscles extensivelv Bv sharp and blunt dissection the large 
neoplasm with a wide margin of surrounding normal muscle was re¬ 
moved in rnanv pieces with a minimum of bleeding The largest fragment 
measured 5x4x3 cm In order to remove the tumor completelv it was 
necessarv to resect large portions of the left internal ptervgoid muscle 
the palatine muscles and the posterior pillar The resulting cavitv was 
bounded above bv the Eustachian cartilage (not involved bv tumor) and 
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In 1953, the specimen consisted of two tissues, one both smooth and 
lough surfaced, very soft white to red and measuring 13x1x0 5 cm, the 
other smooth evervwhere soft, white to faintly pink and having dimen 
sions of 3x2 5x1 6 cm The cut surfaces proved to be w hite to faintly 
j ellow 

Over a part of the larger tissue was a coveung of stratified squamous 
epithelium along with underlying aggiegates of lrmphocytes The mass 
consisted of connective tissue and of fat and mingling rvith the latter 
were a good many cells of varjlng size and with hyperchromatic nuclei 
The cytoplasm lacked demonstrable vacuolization in the paraffin sections, 
ret their form otherwise and m a background of adipose tissue gave the 
impression that this growth must be considered as a recurrent fibro 
liposarcoma, and such was the pathological diagnosis Since all of the 
material had been embedded there was nothing available for fat staining 
(see Pig 4) 

In a written consultation on this patient, Di Simeon T 
Cantiell of Seattle, Wish, stated that he had nevei seen a 
similai tumoi on the tongue, and that it Avas one of the veiy 
iaie forms of mesenchymal sarcoma which has consideiable 
radio-sensitivity He suggested that this patient should not 
be ladiated unless the tumor should recui 

At the piesent time there is no evidence of local lecunence 
oi metastasis Obviously this tumoi had a low degiee of 
malignancy, as shown by its long duiation and its recurience 
at one time as a lipoma 

A patient with a simple lipoma on the antenoi suiface of 
the tongue has been leported by Biaunstem 0 

Saunders" m reporting a hpofibioma of the larynx piesents 
an extensive bibliogiaphy on the subject of lipoma of the 
laiynx Seveial of the cited cases of pumary laryngeal lipoma 
shoAved extensions of the tumoi to the epiglottis and vallec- 
ulae One tumoi ongmated on the left aiyepiglottic fold 
and Avas diagnosed as myxolipoma Amth saicomatous changes 
All of these tumoi s weie lemoved suigically 

KnoAvles and Hugill 8 have leported the case of a 12-yeai-old 
child AA r ho had a pi unary liposaicoma m the submucosa of the 
naso-phaiynx The patient died with metastasis to the lungs, 
liver and biam 

Lipomas aie commonly seen in many parts of the body and 
aie usually of no majoi consequence Ewmg® states that 
“Liposaicomas aie most fiequent m the mtermusculai, pen- 
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Boyd 11 states that a mixed tumoi has two components, the 
fust of Inch is the epithelial cell and the second, the spindle 
01 stellate cell, sepaiated by abundant inteicellular mucoid 
matenal He states that in places this matenal may closely 
lesemble oi be identical in appeal ance v ith cartilage It was 
consideied very fortunate that this tumoi was of the mixed 
type rathei than a ehondiosaicoma Wirth and Shimkm 1 - 
report a ehondiosaicoma of the nasopharynx, which was very 
extensive and had a fatal outcome m spite of extensile suigical 
i emoval 

Mixed tumois commonlv anse m the majoi salivary glands, 
and also occasionallv m abenant salivarv glands widely scat- 
teied ovei the whole of the oral mucosa If the tumoi is 
completely lemoved bv the first opeiation, the piognosis is 
geneially consideied to be quite favoiable, howevei, "iecur- 
lence” mav follow incomplete i emoval In oidei to be suie 
of total i emoval the tissue suiioundmg the capsule must be 
lesected Malignant changes aie uncommon The author 
obseived m 1946 the i emoval by Di Louis Clerf of a large 
mixed tumoi of the nasopharynx bi a ti anspalatme approach 
In leportmg 33 malignant tumois of the nasopharynx, Hara 15 
includes two mixed salivary gland tumois 

In the piesentlv reported case, tlieie was no connection 
between the nasopharyngeal tumoi and the deep lobe of the 
parotid gland, however, Morfit 14 leported 12 mixed tumors 
arising from the deep lobe of the parotid and piesentmg in 
the lateial pharyngeal wall as a large mass coveied with 
normal mucosa Occasionally also the tumoi piesented below 
the horizontal lamus of the mandible The pharyngeal prom¬ 
inence is to be distinguished from an aneurysm or a large 
carotid bodv tumor External i emoval of the laige parotid 
mass was recommended 

Sonnenschem 15 has described two mixed tumors m the soft 
palate These were suigicallv removed and aie raie m this 
location 


MALIGNANT LYMPHOMA OF THE TONSIL 

Case -{ Mrs K L white age 60 consulted her family physician on 
July 3 1%7 because of a sore throat of two weeks duration His exam 
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the base of the skull, laterallj bj the stjloid process and carotid sheath, 
posteriori} bv the longus capitis muscle, and anteilorh bv the remains of 
the soft palate 

The postoperative couise was uneventful except for trismus -which has 
graduallv improved 

The pathological report bv Dr Hunter of the original biopsy was The 
portions of tissue fiist seen had the color, consistency and cutting quali 
ties of livalin cartilage Sections contained nothing other than apparent 
cartilage and because of the atypical chaiacter of the nuclei the initial 
diagnosis -was chondrosarcoma 



Fig 5 Case 3 Mixed sallvarj gland tumor (X1C0) this field contains 
mam nests of epithelial cells relatl\ el\ little matrix and no cnrtllage 
■whereas the blops> consisted entirelj of atjplcal cartilage 


The largest of the masses, removed on Not 21 1957, appealed to be a 
partially encapsulated lobulated white tissue measuring 6\4\3 cm , cut 
with the consistent of cartilage and was white to jellow 

Microscopical!} the growth consisted in large part of bluish pink to 
■violet staining material rather poor in cells of apparent epithelial nature 
occurring in solid strands, and as small alveoli These had some re 
semblance to the alveolar epithelium of a serous tvpe of salivar} gland 
Mucus was not a component of the cells or the lumens of the alveoli 
None of the cells appeared to be of squamous t}pe Embedded in sur 
rounding connective tissue in close association with skeletal muscle and 
entirely awa} from the tumor were some lobules of a salivar} gland of 
mucous type, unassociated with neoplasm 

In view of the structure of the whole tumor as contrasted with the 
fragments making up the earlier biopsy the original diagnosis of chon 
drosarcoma was changed to mixed tumor of aberrant salivarv gland” 

(see Fig 5) 
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showed the soft palate and right pillars to he grosslv normal with a grav 
membrane lining a normal appearing fossa In the right side of the neck, 
anterior to the sterno-cleidomastoid muscle was a freeiv movable smooth 
mass of rubbery consistencv measuring about 10 cm in greatest diameter 
The remainder of the examination including an X-rav of the chest was 
negative X ray therapy was administered in divided doses to the throat 
and neck. The tumor responded well and examination on Oct. 3 1957 
showed the tonsil fossa to be well healed and the mass in the neck to 
have completely disappeared 

Malignant lymphomas of the throat and cervical lvmph glands are 
rather common, and are usuallv considered to be best treated by irradia¬ 
tion 


CARCINOMA OF THE TOXSIL 

Case 5 Mr M. O white, age 57 sought consultation because of a mass 
in his neck He stated that for several months he had visited various 
phvsicians in a large clinic because of a sore throat. He was told that 
he had an infection and was given various antibiotics which gave no 
relief Eventuallv the left side of his neck began to swell and an in¬ 
cision into this mass showed squamous cell carcinoma 

Examination bv the writer showed that a fungating tumor about 5 cm. 
in diameter occupied the left tonsil fossa. The soft palate and pillars 
were Indurated and fixed and moderate trismus was present. The entire 
left side of the neck was greatly swollen and indurated The patient 
appeared to be in good general health otherwise 

At that time he had alreadv begun a course of cobalt radiotherapy 
under a competent phvsician For that reason, he was advised to continue 
the treatment, and that if the lesion in the tonsil was controlled radical 
surgery of the neck should be considered His further progress is not 
known. 

Obviously, the prognosis in a patient such as this is dis¬ 
couraging 

Early and small caicmomas of the tonsil can sometimes 
be completely removed by tonsillectomy If the tumor is 
moie advanced, lnadiation theiapy is usually employed If 
the metastasis m the cervical lymph glands is not too far ad¬ 
vanced, ladical neck dissection is usually the best treatment 
if the primary lesion can be controlled 


SUMMARY 


The records of five patients having tumors m a tonsil or m 
the surrounding structures are presented The diagnostic and 
treatment problems are discussed and the literature is re¬ 
viewed 
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ination repealed the right tonsil to be enlarged and displaced medialh 
An enlarged anterioi ceivical lymph gland nas piesent on the same side 
Because it was thought to be a peiitonsillar abscess, an incision was made 
above the tonsil, but no pus was found Under antibiotic tlieiapj, the 
tonsil decreased somewhat in size On Aug 13, 1957, the tonsil was 
removed and found to be extiemelj laige 

The pathological lepmt b> Dr Jeff Minckler was as follows The 
tonsillai tissue is submitted in three pieces langing from 2 5 to 3 5 cm 
in their gieatest dimensions The epithelial suiface is identified on the 
laiger specimen The surfaces are modeiately fragmented and on sec 
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Fig C Case 4 At a 40X magnification the contrast between normal 
tonsil just below the epithelium of the crj pt and the malignant 1) mplioma 
occup>lng the lower part of the field is quite etldent 


tioning much destruction of the tonsillar tissue is identified The entire 
tissue is mottled pale pink to red Nothing suggestive of a neoplasm is 
encountered 

Microscopically the architectuial pattern of the tonsil is alteied b> what 
is interpreted as a neoplastic process of the lymphoma group The 
predominant pattern is that of large follicle-like structures without dis 
tinct germinal centers composed of relatiwelj uniform medium sized cells 
that have somewhat ill defined cwtoplasmic outlines with suggestive tailed 
processes attached Th^re is slight to moderate mitotic actlvit\ in these 
fields In selected areas there is somewhat more dense cellularitj w ith 
somewhat larger darker staining cells and more apparent mitotic change 
There appears to be local infiltration of the capsular surfaces 

Diagnosis Malignant hmphoma (ljmphosarcoma) of the right tonsil 
(see Fig 6) 

The otolaryngological examination b> the writer on Aug 1G 19o, 



SINUS SYMPTOMS ORIGINATING FROM 
MODERN FLIGHT * 


Lt Col Stanley H Bear, 

USAF (MC)tt 


With the advent of a new eia in aviation, man is evei at¬ 
taining higher altitudes and tiavelmg at fastei speeds In 
so doing, he is encounteung physical pioblems which mter- 
feie with his best perfoi mance and well-being One of the 
vital pioblems is the involvement of the sinuses due to baro- 
tiauma, a condition moie commonly known as aerosmusitis 

Aexosmusitis is an acute 01 chionic inflammation of one 
01 moie of the nasal accessory sinuses pioduced by a baro- 
metiic piessuie diffeience between the an or gas inside the 
sinuses and that of the surrounding atmosphere It is com¬ 
monly chaiactenzed by congestion and inflammation of the 
lining stiuetuies Mucosal 01 submucosal hemonhage may 
occui 1 


Theie aie two geneial types of aerosmusitis which may 
develop the non-obstiuctive, which is due to the collection 
of mucous secretions in the ostei, 01 the obstructive type, 
which has three degrees depending upon the seventy Most 
chronic cases will fall into the lattei group and are usually 
of the third degiee 

Dunng the past two years, I have examined, m oui clinic, 
48 cases of aeiosmusitis of the chionic obstructive type An 
evaluation has been made of the incidence, piedisposmg fac- 
tois pioducmg the physiological disturbances, signs and symp¬ 
toms, pathology, X-iay findings, treatment and sequelae 

The incidence of aerosmusitis is difficult to evaluate in 


•Read at the meeting: of the Middle Section American Lari ngological 
Rhtnologicai and Otological Soctetj Chicago Ill Jan 13 19SS 

tFrom Surgical Service 3810th USAF Hospital Maxwell Air Force 
Base Alabama 

tThe opinions expressed are those of the author and do not necessarily 
represent the opinions of am department of the Department of Defense. 
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been piopeily buefed on the awaieness of difficulty m flight, 
such as making slowei descent and the use of the Valsalva 
maneuvei, especially m cases of Eustachian tube involvement, 
however, the Valsalva maneuvei is of little benefit m sinus 
obstruction and will not lessen the degiee of symptoms Sev- 
eial fheis with moie than 1,000 hours m conventional an craft 
experienced symptoms on their veiy first jet flight In two 
instances, symptoms occuned dui mg every descent m jet air- 
ciaft, yet they nevei expenenced any difficulty m flying 
slowei conventional an craft 

Theie aie two mam factois which tend to pioduce difficulty 
m flight These aie a rapid change m barometric pressure, 
plus a piedisposmg factoi which interferes with the air or 
gaseous change between the environment 01 nasal cavity and 
that of the smus cavity The pressure change at the various 
altitudes is noted on the following table 5 


TABLE i 


Altitude Based on United States Standard Atmosphere 
(From Armstrong) 


Altitude 

(Feet) 

Pressure 
(mm Hg ) 

A 

7fi0 

5 000 .... _... 

fiaa an 

10 000 .- . 

_ 522 60 

2 n non ... . ..... . 

240 in 

30 000 

..225 60 

40 000 

- - - 140 70 

50 000 I__ - - - 

-... __ 87 30 


In general, on ascent from sea level to 5,000 feet, there is 
a decrease m barometric piessure from 760 mm Hg to 632 30 
mm Hg, one-sixth atmospheie, and on ascent to 18,000 feet 
there is a decrease to 360 mm Hg, or one-half atmosphere 
The change is leversed on descent, therefore, it is especially 
noted that the greater differrential piessure change is noted 
at the lower altitudes This effect is more pionounced as the 
speed or rate of change is increased and greatly altered if a 
predisposing factor m any way interferes with this change 
Proetz 6 states that a i eduction of one-fifth atmospheie (152 
mm Hg ) pressure is ordinarily well tolerated by the mucosa, 
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any gioup of cases We weie unable to con elate the in¬ 
cidence, because the cases weie lefened foi final disposition 
aftei failing to respond to pnmaiy tieatment The exact 
nurabei of acute cases, befoie becoming chronic, was undeter¬ 
mined Campbell 2 lepoited on 35,000 simulated flights m the 
altitude chambei, where a duect conti ol of all cases was able 
to be made, and found an incidence of 1 9 pei cent McGib- 
bon 3 noted 18 cases m 1000 chambei flights, oi incidence of 
1 8 per cent 

One laige ail line dunng a one-yeai penod, noted a major 
discomfort m its passengeis fiom all causes due to air travel, 
aveiaged about eight or nine pei 1,000 4 The incidence of 
sinus and eai distiess leported vaned from 0 5 to eight pei 
1,000 passengeis earned, and it was felt that this late would 
have been highei if all passengeis who expenenced sinus oi 
ear distiess had leported it Unfoitunately, the numbei of 
flights made m piessunzed anci aft was not diffeientiated 
from those m unpressui lzed anci aft 

To oui knowledge, theie has been no leport made on the 
incidence of aeiosmusitis lesultmg from jet airciaft flight 
Of the 48 individuals we examined, 38 experienced symptoms 
of aerosmusitis in pressunzed jet anci aft Of the remaining 
ten cases, six occuned m piessunzed conventional airciaft 
foi a total of 44 cases m piessunzed anci aft Theie weie 
foui cases occuirmg m unpiessunzed conventional an craft 

What aie the factors producing this change 7 It was inter¬ 
esting to note that of the 48 anciew members, theie was no 
direct coil elation ivith the flying time The minimum num¬ 
ber of houis flown by any of the pilots was appioximately 50, 
and the maximum number of houis was ovei 5,000, when the 
symptoms became incapacitating Theie weie foui cases 
occuirmg m the 0-500 hour gioup, eight cases in the 500-1,000 
hour gioup, 13 cases m the 1,000-1,500 houi group, 16 cases 
in the 1,500-3,000 hour gioup, and seven cases occuirmg m 
peisonnel with more than 3,000 houis of flying time 

The four cases which developed m the 0-500 houi gioup 
all occuned dunng the flight training penod m unpressui lzed 
conventional aircraft In all instances the individuals had 



BEAR SINUS SYMPTOMS IN FLIGHT 


1061 


between 12,000 feet and giound level Some occuned at an 
altitude of less than 5,000 feet The condition seemed to be 
aggravated by the rate and duration of the pressuie change 

Theie are many piedisposmg factois which, m combination 
with a rapid baiometiic piessuie change, eithei on ascent or 
descent, will pioduce an acute obstiuction to the sinus passage 
with lesultmg aerosmusitis The moie common, in deci easing 
ordei of occuience, aie 


TABLE II 

Predisposing Factors In Etiology of Aerosinusltls 

Deflection of Nasal Septum (More than 50%) _-- — — 23 

Hypertrophy of middle turbinate with encroachment of middle 

meatus and nasofrontal duct orifice___ 14 

Nasal allergy-- ----— 10 

Upper respiratory infection__—---— - — 7 

Polvps In middle meatus _ — —--—- 7 

Septal spur__— —-—- 1 

Hypertrophic rhinitis__ _ -- - 1 

No abnormal finding at examination ---— — - 1 

Cyst on floor of maxiilar\ sinus_ - --- - 1 

Vasomotor rhinitis _ . .. ...— — 1 

Osteoma over sinus orifice of nasofrontal duct --- - ~ 1 


In some cases it was noted that moie than one factor was 
prevalent, such as alleigy and nasal poh^s, 01 deflection of 
the nasal septum with encioachment of the middle turbinate 
on the nasofiontal duct, thus, the total on the above chart 
will, m some instances, have moie than one etiologic factor 
It is important to note that deflection of the septum was high 
m over two-thnds of the cases This resulted m the impinge¬ 
ment of the middle tuibmates lateially ovei the opening of 
the nasofiontal duct with encioachment on the duct orifice 
This was a significant finding in neaily 50 pel cent of the 
cases The one case of osteoma was located at the onfice of 
the supenoi part of the nasofiontal duct and caused almost 
complete collapse of the mucosa lining the duct Tins acted 
as a suction valve on descent and would obstiuct the onfice, 
producing seveie symptoms Nasal alleigy and polyps were 
present m seven of the cases They weie obstructing the mid¬ 
dle meatus in all instances The case of vasomotoi lhimtis 
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but when m much excess of this may be expected to be fol¬ 
lowed by hemoi rhage, eithex mucosal 01 submucosal Behnke 7 
found that if a sinus opening is obstiucted and an mci eased 
piessuie of one to two pounds tiansmitted to the body tissues 
and cuculatmg blood, an aiea of lelatively decieased piessuie 
is pioduced m the an spaces This results m a cupping action 
in the cavity and a vascular congestion of the mucous mem- 
biane Tension is pioduced on the cells of the living mem- 
biane, and the blood vessels distributed m tissue sunoundmg 
the occluded space Pam is piesent m and aiound the in¬ 
volved aiea, associated with congestion and hemoilhage 

Today most modem piessunzed anciaft fly at a cabin 
altitude of appioximately 8,000, and those of futuie jet opeia- 
tions will be at 01 neai this altitude on long flights Theie 
is only a slight diffeience on ascent 01 descent of selected 
cabin altitude fiom that of the plane, therefoie, fiom 8,000 
feet to giound level, pi essunzation will have little beneficial 
effect on the individual crew membei oi passengei At the 
piesent time CAA Regulations allow a maximum late of 
change of cabin altitude equivalent to approximately 300 feet 
pei minute 8 This applies to both ascent and descent In 
future jet anciaft opeiations theie aie times when a fastei 
late of descent may be pioduced thiough loss of piessunza- 
tion, faulty pi essunzation valves, mstiument appioaches, or 
in cases of fuel staivation Any one of these factois will 
necessitate a moie lapid late of baiometnc piessuie change, 
and added to a piedisposmg mtnnsic factoi m the passenger 
oi ciew membei, sinus symptoms will likely lesult 

It is worthy to note at this point that theie is a diffeience 
in the pi essunzation between military jet anciaft and those 
of anticipated commeicial design At lowei levels, the alti¬ 
tude of pi essunzation is appioximately 12,000 to 13,000, 
lathei than 8,000 feet, and the diffeiential piessuie at high 
altitudes is usually the maximum of 5-plus pounds pei square 
inch, while the commeicial planes aie designed foi 8-plus 
pounds pei squaie inch foi opeiation 

In all the cases m oui senes, theie weie only a few occui- 
ung above 15,000 feet cabin altitude The majonty occurred 
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sinus and foui with both fiontal and maxillary sinuses in¬ 
volved The fourth majoi symptom was that of a feeling 
of piessuie over the involved sinus, and occuned m seven 
cases The fifth piedommant symptom 01 sign was evidence 
of a delayed bleeding, usually of old blood, occuinng 24 or 
moie hours aftei pnmary involvement This was noted on 
expectoiation upon ansmg in the morning, 01 on blowing the 
nose, when blood-stieaked mucous would be piesent The 
lesser symptoms aie noted on the Table above 

Tins discussion does not include the ethmoids and sphenoid 
sinuses, because no case of aeiosmusitis occuned wheie only 


TABLE III 

Subjective Svmptoms Experienced with Reference to Invohed Sinus 


Frontal and 

Frontal Maxlllar; Maxlllan 


Sharp pain from descent-23 7 2 

Sharp pain from ascent- 0 1 0 

Pain from ascent and descent _ —-3 0 4 

Generalized headache — —- 2 0 3 

Pressure oter sinus___ - — 3 2 2 

Nasal obstruction —- 4 3 2 

Bleeding (delajed) — -- 4 0 2 

Blurring of vision _ — —-- 3 0 0 

Lacrimation___——-2 0 0 

Swelling of upper ejelid --10 0 

Rhinorrhea_ _ .— —-- 0 1 1 

Plugged ears .. — _ — ——-3_0_3_ 


the ethmoid and sphenoid was primarily involved When 
there is seveie involvement of eithei maxillary or fiontal 
sinuses there may be associated involvement of the ethmoid 
sinus, but it is not felt to be the cause of the pirmary symp¬ 
tom complex This was also the finding of other authois 23 
As previously noted, the fiontal sinus was most fiequently in¬ 
volved, next, the frontal and maxillary, with the maxillary 
sinus the least involved Campbell and McGibbon 28 also 
found the fiontal sinus to be the most fiequently involved, 
while Wright, m his senes, found the most frequent site of 
involvement to be the maxillary 9 The leasonmg foi gieater 
involvement of the frontal sinus is based on the gi eater length 
of the nasofiontal duct and its tortuous path and small caliber 
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was in a cadet m tiaming peuod, and was aggiavated by an 
emotional problem On flying, his nose would completely 
obstiuct, causing pam m sinus He was lecommended foi 
psychiatnc evaluation and elimination fiom flying duties 

The above conditions weie piesent even m a select gioup 
of individuals An crew membeis weie given ngid acceptance 
physical examinations, however, m most instances the de- 
foimities weie acquned or developed duung then caieer 
In addition, most pilots had been mdocti mated m the pie- 
ventive medical aspects of flying and propel care of them¬ 
selves dui mg flight The aveiage air passengei is not as 
well indoctrinated m active and pieventive measures that can 
be performed while flying Many prospective passengei s 
may have a nasal allergy of sufficient degree to be sympto¬ 
matic on descent, active sinus pathology, uppei lespiratoiy 
infection, nasal obstruction of one sort 01 another, 01 a 
maiked degiee of apprehension and anxiety All of these act 
as piedisposmg factors, and when subjected to a lapid change 
of descent will pioduce aeiosmusitis of one degiee 01 anothei 
On ascent, the piedisposmg condition is basically mtia-smus, 
01 m the osteum 01 duct of the sinus, while on descent the 
difficulty piesent is m the nasal cavity or sunoundmg struc- 
tuies m the aiea of the duct orifices leading into the smus, 
as noted m the pieviously mentioned causative factors From 
these findings one is able to deduce whethei the difficulty 
will be encounteied on ascent 01 descent, 01 both 

There are many symptoms produced by aeiosmusitis, but 
the predominant symptom m most cases is pam located ovei 
the involved smus It is described as being shaip, lancinating 
m chaiactei, non-iadiatmg and oecuinng most often during 
descent The frontal smus was involved m 23 instances, the 
maxillary smus m seven, and both fiontal and maxillary m 
two instances (see Table III) 

The second most common symptom was that of nasal ob¬ 
struction This occuned m nine cases and was almost equally 
divided, with involvement of eithei the fiontal oi maxillary 
smus Theie weie seven cases of pam on both ascent and 
descent, with thiee associated with involvement of the fiontal 
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orifice This lesults m fiee bleeding fiom the mucosa sur¬ 
face 01 submucosally, producing submucosal hematoma This 
was noted m four of oui cases Campbell was able to demon¬ 
strate the same findings m his expei iment with a dog m an 
altitude chamber 

The treatment of aerosrausitis usually falls into one of two 
categories the acute phase, and the chronic or persistent 


TABLE IV 


X raj Findings in Aeroslnusltls 


FRONTAL. 

Clouding frontal_ ___ _ — 

Submucosal hemorrhage_— - 

Polvpoid hvperplasia of sinus mucosa — — 

Mucocele with hemorrhage - --— 

Osteoma at orifice of nasofrontal duct — _ — 

Large ethmoid cell at orifice of nasofrontal duct _ 

No sinuses present-— —-__ 

Fluid level -- - — — 

Vo abnormal findings--- —— - — 



StAXILLART 

Clouding -—-———— 5 

Polvpoid hvperplasia ----—- 3 

Retention cyst floor of maxillarv sinus —----2 


BOTH FPOXTAL AND MAXILLARY 

Clouding_ _— - -—- 

Hvperplastlc scarring —-— --- 

Polvpoid mucous membrane-——-- 


8 

2 

2 


type The acute stage is tieated conservatively with tieat- 
ment initiated as soon as possible after symptoms occur 
Treatment consists m the use of vasocontnctoi sprays and 
packs, steam inhalation, antibiotics prophylactically, and ano¬ 
dynes for control of discomfort In seveie cases, applicators 
of o per cent cocaine and 1 pei cent ephednne aie placed 
dnectly m the middle meatus at the opening of the naso- 
fiontal duct of the side involved Depending on the time 
interval following initiation of the first symptoms, most cases 
will lespond to conservative management It is worthy of 
mention that the longer the interval befoie treatment is be¬ 
gun, the more difficult it is to obtain patency of the involved 
sinus 
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of opening The opening of the maxillaiy sinus is laigei and 
may have accessoiy openings Von Dimngshofei 10 states 
that moie involvement is expected m individuals with laige 
fiontal sinuses, but m one of oui cases with seveie fiontal 
pam theie was only a small fiontal cell and no development 
of the fiontal sinuses 

X-ray examination is an important phase m the evaluation 
of aeiosmusitis When possible they should be taken im¬ 
mediately as well as seveial days latei if symptoms and signs 
peisist It has been noted m cases wheie theie is eithei 
mucosal 01 submucosal bleeding that definite delineation of 
the aiea involved may not be demonstiated until the bleeding 
is oiganized into a hematoma One of the most difficult X-iay 
diagnoses to make is submucosal hemonhage It is veiy 
helpful to have pievious X-iay films to help diffeientiate 
fiom polypoid hypeitiophy 01 polyps The lattei is uncom¬ 
mon m the fiontal sinus, otheiwise, the clinical lnstoiy must 
be evaluated to nde out the piesence of nasal polyps and 
allei gy This was the opinion of Coche 11 , also m foui of oui 
cases of bleeding with hematoma found on X-iay The views 
used m loutine evaluation aie Caldwell, Wateis, and latei al 
views When indicated, Jammogiams aie beneficial in making 
a diffeiential diagnosis (see Table IV) 

There weie two cases m which moie than one finding was 
made The pathology of aeiosmusitis vanes, depending on 
the etiologic factoi and the degiee of mtia-smus 01 naso- 
fiontal duct changes The histologic stiuctuie of the mucosa 
is a continuation of the nasal lespuatory mucosa with slight 
vanations The submucosa is tlnnnei and tends to blend 
with the fibious penosteum of the undei lying bony sinus 
wall The epithelium is a tlnnnei cuboidal-like, stiatified 
ciliated stiuctuie The lesultmg sinus mucosa changes can 
vary fiom thickening of the mucosa eithei inflammatory or 
polypoid, 01 theie can be piesence of fluid, blood, mucous, 01 
puiulent secietions m the chambei of the sinus In some 
cases, mucoceles will be piesent while otheis have osteoma 
m the cavitv coveied with a veiy thin mucosa Piobably the 
most maiked change is that noted in lapid changes of baio- 
metiic piessuie with the complete occlusion of the sinus 
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paitial tuibmectomy of the antenoi thud of the middle tui- 
bmate because of polypoid hypertiophy encioachmg on the 
opening of the nasofiontal duct Theie was one case of va- 
somotoi lhimtis which was due to an emotional distuibance, 
and it was lecommended that the individual have psychiatric 
evaluation and be eliminated fiom flying duties 

As a gioup, clnonic cases of aeiosmusitis must have tieat- 
ment dnected to the piecipitatmg factoi, and in most in¬ 
stances the condition can be corrected only by surgical 01 
alleigic management It is easy to ascertain that conseiva- 
tive management will be of little avail where these conditions 
exist Many of the piedisposmg factors would not lequne 
surgical intervention if the individual weie not flying, how¬ 
ever, when required to fly eithei as passengei or anciew 
membei, suigical coi recti on is necessary to alleviate the 
condition 

Of the 48 cases, there weie three cases which weie entirelv 
unsuccessful following treatment two of these cases showed 
marked nasal polyposis and polypoid hypertrophy of the tur¬ 
binates and an underlying allergic condition The individuals 
were unable to fly without repeated bouts of aeiosmusitis 
The other case was that of the vasomotor rhinitis, foi which 
no treatment was indicated as it was felt to be due to an 
emotional basis There were three cases in which the in¬ 
dividuals were able to fly, but at intermittent intervals would 
still experience symptoms, usually not to the degree of in¬ 
capacitation from flying duties Two of these cases weie 
allergic rhinitis with polyposis, while the third case was that 
of recurrent upper respiratory infection This individual 
is still undergoing treatment to determine the etiology of his 
infection. The remaining 41 cases have been returned to 
firing dutv and have experienced no difficulty m most cases, 
and minimal symptoms in a few cases which did not interfere 
with dutv performance All cases were followed for a mini¬ 
mum of one year, however, due to loss of contact and follow¬ 
up in some cases the incidence of recurrence may have been 
shghtlr higher One case has lecently been discharged from 
the hospital following frontal sinus surgery for submucosal 
hemorrhage and obstruction to the nasofrontal duct He has 
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In oui senes, almost all the cases weie of a chiomc natuie, 
having been refened when conseivative management failed, 
or when theie was a lecunence of the condition at fiequent 
intervals Following is a table showing the vanous treat¬ 
ments utilized m the 48 cases of oui senes 

In several cases, moie than one pioceduie 01 combined 
pioceduies were necessary to conect the condition In 20 
cases, conseivative management was used which consisted 
of antibiotics when indicated, vasoconstnctois and steam in¬ 
halation, or minor suigical manipulation to produce a patent 
osteum of the involved sinus The conseivative treatment 

table v 

Treatment of Aerosinusitis (Chronic Cases) 

Conservative (antibiotics, vasoconstrictors, steam inhalation) ___20 

Submucous resection _ ~ - _ __ _ _ 19 

Infraction of middle turbinate — - _ _ _ 13 

Polypectomy _ _ __ _ _7 

Allergic management —-— _ _ _ 5 

Frontal sinusotomy (Ljnch approach) _ 4 

Antral window — _ _ _ _ 1 

Vasomotor rhinitis* __ „ _ _ _ „ 1 


•Vasomotor rhinitis—due to emotional disturbance Recommended elimi¬ 
nation from flying- duties 


was mainly combined with mfi action of the middle tuibmate 
which was necessary m 13 cases, and m cases of post-poly¬ 
pectomy to maintain noimal diamage, howevei, theie were 
19 cases m which it was necessary to perfoim a submucous 
resection (Killian type) In all but seven of these cases, the 
obstiuction was located m the region of the middle tuibmate, 
and m seveial cases following lesection, infraction of the 
middle tuibmate was combined in the treatment Foui cases 
of fiontal sinusotomy, by the Lynch appioach, weie necessary 
to lemove the frontal sinus pathology and obtain a patent 
nasofiontal duct Alleigic management was utilized m five 
cases with fan lesults In one case of an antral cyst, an 
antial window was peifoimed with curettement of the cyst 
Two cases of lecunent puiulent infection of the sinus weie 
tieated by migation, one was of the fiontal sinus, the othei, 
of the maxillaiy sinus Two cases weie suigically tieated by 





MANAGEMENT OF SINUSITIS IN CHILDREN * 


Clifford F Lake, M D ,f 
Rochestei, Minn 


Sinusitis, eithei alone 01 associated with some other in¬ 
flammatory process m the lespuatoiy tiact or related areas, 
occurs frequently m childhood Although this fact has been 
demonstiated and reported many times m the past, it seems 
that m this age of antibiotics its 1 e-emphasis is indicated 


Dependence on antibiotics alone, and especially on short 
couises of them, dui mg acute lespuatory tract infections may 
only modify 01 mask associated acute sinusitis 


Failuie to examine the nose and nasopharynx completely 
when possible, or to obtain loentgenologic views of the para¬ 
nasal sinuses, often causes failure m diagnosis Birdsall 1 
stated that nasal sinus infection m children is common, but 
is often ovei looked because of its usually insidious onset, the 
lack of definite symptoms, and the difficulty of examining 
the affected parts 


Fiom the ages of foui or five most childien who aie co¬ 
operative can be given satisfactory nasal examination Chil¬ 
dren this old frequently will be co-opeiative on nasopharyn¬ 
geal examinations with the small to medium-sized mnrois 
A bnef explanation of what is about to happen, and a demon¬ 
stration of quiet rhythmical breathing often will convert a 
skeptical child into a most co-opeiative youngster If the 
tongue depressoi and nasopharyngeal mirror are mtioduced 
simultaneously, the numbei of satisfactory nasopharyngeal 
examinations will be increased This method of introducing 
the instruments leheves the child of the “double jeopardy” of 
separate instrumentations 


•Bead at the meeting- of the Middle Section American Larj ngologlcal 
Rhinological and Otological Society Chicago Ill Jan 13 1958 

tFrom the Section of Otolaryngology and Rhlnolog> Jlajo Clinic and 
Majo Foundation The Majo Foundation Rochester Minn is a part of the 
Graduate School of the Unltersltj of Minnesota 

Editor s Note This manuscript receded in The Laryngoscope Office and 
accepted for publication March 10 195S 
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not been leturned to flying duty, but exhibits a patent duct 
at the piesent time and will be given tnal mdoctnnation m the 
altitude piessuie chambei to see whethei his lesults have been 
successful befoie letummg to full flying duties 

In all cases of aeiosmusitis, tieatment is duected to re¬ 
moving the etiologic factoi as well as the existing condition 
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seveial days befoie attempting theiapy dnected to the nose 
Antihistammic diugs aie of particulai value m cases with 
a history of vasomotoi 01 alleigic lhmitis 

Tieatment dnected to the nose usually is a mattei of pei- 
sonal choice Piolonged use of vasoconstuctois often pio- 
duces the familial lebound phenomena Application of ai- 
gyiol packs to the middle meatus and in the nasal chambei, 
followed by gentle suction, may piove of value m the lemoval 
of puiulent secietion from the nose and smuses In some 
childien lavage of the maxillary sinus via the natuial ostium 
can be earned out aftei the acute edematous stage has sub¬ 
sided 

In an instance of acute ethmoiditis with external manifesta¬ 
tions, as is found occasionally in a young child, suigical 
diamage may be necessaiy, howevei, if seen m the eaily 
stages tins situation will usually lespond to antibiotic tieat¬ 
ment 

Heat applied to the area ovei the involved sinus 01 smuses 
may afford some lelief of pam, howevei, sometimes it may 
exaceibate the pain Inci easing the humidity in the patient’s 
bedioom and making him comfortable aie beneficial m his 
general caie 

During his couise of tieatment the patient should be le- 
exammed foi conditions which may have influenced the onset 
of the sinusitis 01 the application of theiapeutic measuies 
Enlaiged adenoids, septal deflections, and alleigic changes in 
the nasal mucosa aie commonly occurung factors piedisposmg 
to acute sinusitis 

The status of the patient’s geneial health should be investi¬ 
gated Whatevei geneial measures aie necessaiy to impiove 
it should be earned out, also it may be necessary to remove 
enlarged adenoids or a septal deflection to gam final resolu¬ 
tion of the disease 

Roentgen theiapy has been used successfully m the treat¬ 
ment of acute 01 subacute sinusitis m the past Lamg 1 re¬ 
ported tieatment with Roentgen therapy m 900 cases of sub¬ 
acute sinusitis in children, 639 of whom were cured during 
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Obviously the anatomic development of the paianasal si¬ 
nuses m accoid with age has an effect on the sites m which 
infection may develop In oldei childien the loentgenologic 
views aie paiticulaily helpful m localizing the site of infec¬ 
tion Maiesh, 2 m a study of loutme loentgenogiams of the 
sinuses of 100 childien who weie followed fiom biith to ma- 
tunty, observed many vanations m the size and shape of 
antiums, ethmoid cells, and fiontal sinuses 

DIAGNOSIS AND SYMPTOMATOLOGY 

Sinusitis should be included m the diffeiential diagnosis 
when symptoms of piolonged ihmonhea, coughing, fiequent 
sniffling, 01 thioat dealing aie piesent A history of leeui- 
rent lespiratoiy infections, otitis media, secietory otitis, and 
soie thioats should suggest the possibility of the piesence of 
sinusitis Wishart 3 stated that the most frequent complaint 
m an otheiwise healthy child m whom sinusitis is discoveied 
is repeated head colds 

In cases of small childien the histoiy obtained from the 
paients and the objective findings on examination, with the 
findings fiom loentgenologic examination m some instances, 
usually will suffice m making the diagnoses Older childien 
often can contubute to their histoiy, and should be encoui- 
aged to do so Frequently such children describe then symp¬ 
toms accuiately, especially when pam is piesent m acute 
sinusitis oi m a flai e-up of chrome disease 

In the histoiy, alleigy affecting eithei the patient oi his 
family should not be overlooked 

MANAGEMENT OF ACUTE SINUSITIS 

The best basis foi management of acute sinusitis m chil¬ 
dren is consideiation of the child as a whole and the seventy 
of his infection A cultuie of the nasal secietions should be 
made and tests of sensitivity to antibiotics performed The 
child’s leaction to obtaining the matenal for culture from his 
nose may indicate the degiee of co-operativeness to be ex¬ 
pected in cailying out local treatment If the infection is 
seveie enough to wan ant the use of antibiotics one may wait 
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sinuses and ethmoids, particularly tie left antrum. Skin tests were made 
which showed sensitivit' to cat hair cattle hair goat hair, house dust, 
mixed feathers pvrethrum and giant and small ragweed 

A diagnosis of allergic rhinitis and sinusitis was made The treatment 
consisted of giving the child an antihistaminic drug for two weeks, after 
which he was re-examined The nose then appeared to be normal with 
no endence of anv unusual discharge New roentgenograms showed 
marked clearing of the paranasal sinuses 

Comment This case is an example of sinusitis super¬ 
imposed on hay fevei, and illustrates the impiovement which 
occuned fiom the use of an antilustamimc prescription dur¬ 
ing the lecession of the hay fever season Furthei caie m 
tegard to the allergic manifestations was advised 

Case 2 A seven \ ear-old girl w as registered at the clinic Nov S 1957 
She had had pneumonia approximately two months prior to her registra 
tion After fixe davs in the hospital and two weeks at home for recovery 
she had returned to school, but after two dat s in school left otitis media 
developed To combat this ear infection she had been given antibiotics 
for a few dais (The exact tjpe of antibiotic and the number of days 
that it was given could not be determined at the clinic ) Approximate!} 
a week later the patient developed a sore throat and a course of pent 
cillin had been administered 

On Oct 30, the child had been seen in consultation b\ an oto-rhino- 
larvngologist A diagnosis of sinusitis had been made nasal irrigations 
had been carried out and she had seemed to improve On Nov 6 how 
ever she complained of a sore throat again and her trip to the clinic 
followed 

She was first examined in the Section of Pediatrics On]\ normal 
findings resulted from general examination a roentgenogram of the 
lungs blood counts unnalvsis and electrophoresis of serum protein 

The child was examined in the Section of Otolarvngologj and Rhinologx, 
and her eardrums were found to be intact although the left showed slignt 
infection from the recent acute otitis media Her hearing of tuning 
forks seemed normal The nose looked clear on examination, and no pus 
was visible on anterior rhinoscopy The turbinates were onh slightly 
congested Roentgenograms of the child s sinuses showed involvement, 
particularly of the antra and especialh on the left The tonsils had 
been removed and the nasopharvnx contained onli a minimal amount of 
Ivmphoid tissue A culture of the nasal secretion was negative 

It was thought that this patient’s disorder was sinusitis the diagnosis 
depending largely on the historv and on the appearance of the roent 
genograms of the sinuses A two week trial of antibiotics was prescribed 
and the patient was advised to return at its conclusion 

She did return at that time On examination her nose appeared 
normal and In roentgenograms her sinuses seemed clear The child was 
feeling welL 

Comment This is a case of lecturing uppei lespnatory 
infection, soie throats, and otitis media, m which a diagnosis 
of sinusitis was made laigely on the histoiy and loentgeno- 
giaphic findings The response to a two-week course of an 
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one senes of tieatments, howevei, with the knowledge of 
lisks involved m exposure to ladiation I piefer not to use it 
foi childien 

MANAGEMENT OP CHRONIC SINUSITIS IN CHILDREN 

Adequate tieatment may include several types of theiapy, 
and the physician should not limit himself to an inflexible 
routine, lathei, he should avail himself of all pioceduies, 
and use them as the situation demands, to lestoie the paia- 
nasal sinuses to their noimal physiologic state 

The treatment of chronic sinusitis follows the same prin¬ 
ciples in using antibiotics and mtranasal theiapy which weie 
mentioned m the treatment of acute sinusitis Lavage of 
the maxillary sinus via its natural ostium can be accomplished 
m many oldei children 

If suigical tieatment is necessary it usually can be done 
mtranasally, except foi most instances m which external 
manifestations exist 

The patient’s geneial health should be evaluated A seaich 
for predisposing factors should be made, and then eradication 
accomplished, and again, tire histoiy of allergy m the patient 
01 his family should not be oveilooked The lather special 
pioblem of chionic sinusitis, associated with bionchiectasis, 
is not within the scope of this presentation, but the possibility 
of a co-existing bionchiectasis must be ruled out in all cases 
of chronic sinusitis 


REPORT OF CASES 

Case I An 11 year-old boy was registered at the Mayo Clinic on Sept 
26 1967 His complaint was that sneezing. Itching of the eyes, and nasal 
discharge had persisted for one month After a general examination In 
the Section of Pediatrics an ear, nose, and throat examination was re 
quested 

In the Section of Otolaryngology and Rhinology, examination of the 
ears revealed no abnormalities Examination of the nose showed much 
thick, sticky mucoid discharge on both sides particularly on the left 
some of which was yellowish and obviously mucopurulent The turbinates 
were moderately congested on both sides Pus was demonstrated coming 
from the natural ostium of the left antrum The tonsils had been re 
moved There was a thick mucoid discharge in the nasopharynx, along 
with some mucopurulent material 

Roentgenograms of the sinuses showed thickening about the maxillary 
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rhinitis on the paternal side of the familv The child had been taking an 
antibiotic of an undfscoverable tvpe for 11 davs prior to her admission 
for examination. 

On examination of the ears the u mpanic membranes were intact with 
ver\ slight redness on the right The nasal septum teas straight There 
teas mueopus on both sides of the nose The tonsils were of size 2 on 
the basis of 1 to 4 The nasopharvnx was examined with a mirror and a 
good view was obtained it was noted that an adenoid blocked most of 
the choana. On roentgenograms of the sinuses both antra nere diffuselv 
cloudi A culture of the nasal secretions was reported as showing usual 
flora 

The patient was ghen penicillin for ten dais At the end of that time 
the nose looked clear and no discharge was noted on examination of the 
nasopbarvnx Roentgenograms shotted clearing of the paranasal sinuses 

Arrangements were made for removal of the tonsils and adenoids this 
was done June 15 l q 56 After the operation the child got along well 
and was dismissed June 21, 1956 

The child was observed a vear later during the course of a common 
cold, however the cold cleared in eight davs without complications or 
recurrence of sinusitis 

Comment This case is an instance in which an enlaiged 
adenoid obstructing the choana seemed to plav an impoitant 
part in the peisistence of the patient’s nasal symptoms and 
sinusitis 


SUMMARY AND CONCLUSIONS 

The occunence of sinusitis m childhood deseives le-em- 
phasis A short course of antibiotics may only modify oi 
mask an acute sinusitis duung the course of an upper respir¬ 
atory infection Examination of the nose and nasopbarvnx 
should be complete when at all possible The value of roent¬ 
genograms and the historv obtained fiom the parents and 
the child is gieat 

The foregoing diagnostic pi maples and a discussion of 
the management of acute and cluomc sinusitis m children 
have been lllustiated m reports of foui cases 
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antibiotic was excellent, and the 1 oentgenogi ams which weie 
taken at the end of tins tieatment illustiated maiked dealing 
within the sinuses Theie was no history of alleigy in the 
family of the patient 

Case S A six year old bo} was registered at the clinic Nov 28, 1966 
He had had persistent nasal obstruction foi at least a lear oi so In 
fections of the uppei part of the tespiratori tract had been frequent 
and he had had pneumonia in 1962 There was no historj of a definite 
allergic background but the patient's mother had had mild lasomotor 
rhinitis 

In the general examination nothing out of the ordinal i was found 
except mild obesit} He was refen ed to the Section of Otolarjngologj 
and Rklnology Our examination revealed the timpanic membranes to 
be intact, but the} appeared slightl} dull and his healing seemed to be 
reduced veiy slightly through the entire range in both eais An audio 
gram showed ver} slight bilateral conductive deafness On nasal exam 
ination the nasal airy a} s seemed to be open, howevei, mucus was 
pooled on the nasal floor, and when this was removed the adenoid could 
be seen obstructing the choana The tonsils were enlarged (grade III, 
on a basis of 1 to 4 with one being slightest), and combined tonsillectomv 
and adenoidectom} was advised The opeiation was carried out Nor 30 
1956, and large masses of adenoid, and the tonsils weie removed 

The patient then got along very well until three weeks later when he 
developed an upper respirator} infection On examination a large amount 
of pus was observed in each nasal passage A culture of the discharge 
was repotted as showing usual flora Tetrac}cllne (achromjcin) was 
prescribed, and the child’s nose cleared nicely after a ten dais’ trial 

The patient was again seen on Januar} 23 1967, with a repoit that a 
cough had developed two da}s previousli, and he had coughed most of 
the night prior to his examination His case was followed foi several 
weeks, but the situation did not clear, and a culture again was made of 
the nasal secretions, this time showing mam Hemophilus Influenzae 
organisms Electrophoresis of serum protein gave findings within normal 
limits Roentgenograms of the sinuses showed cloudiness throughout 
all of them The patient was given a preparation of streptomycin with 
dih}drostreptomicin (distrycin) 600 mg twice dail} for ten days and 
tberap} directed to the nose was begun with shrinkage and suction and 
application of argyrol packs to the middle meatus on each side This 
was carried out for two weeks, after which the nose was clean the child 
was breathing freel} and roentgenograms of the sinuses showed marked 
improvement, there being only a minimal amount of thickening in the 
left antrum Clinically the child was well 

The case has been followed since and during one more upper resplr 
atory infection the boy has gotten along well, with no furthei recut 
rences of his sinusitis 

Comment This case illustrates the need m many instances 
of treatment to the nose as well as antibiotics m oidei to 
clear a sinusitis 

Case 4 A 4%}ear old girl was registered at the clinic Ma> 3 1956 
A histori of repeated prolonged colds worse in the Winter months was 
obtained She had less difficult during the Summer and her symptoms 
were not related to the hay fever season There was a history of allergic 
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nasion, the chisel may force the ends of the fractured bones 
into the lumen of the sinus, causing frontal sinusitis 

FRONTAL SINUS RELATIONSHIPS 

At the nasal notch of the frontal bone, the floor of the 
frontal sinus is noimally at the level of the glabella, but in 
some cases, it may extend as far down as the middle-third of 
the nasal bones (ovei-developed smus), or it may stop short 
of the glabella (undei-developed smus) 

OVERDEVELOPED FRONTAL SINUS 

When the fiontal smus extends beyond the glabella, its 
floor is attached dnectly to the mnei surfaces of the nasal 
bones, which m this instance become part of the anteiior wall 
of the smus (see Fig 1 ) 

Thus, manipulations of the nasal bones at the nasion may 
injuie the fiontal sinus A natural protection is given by 
the fact that the peiiosteum, which coveis the posterior sur¬ 
face of the anteiioi wall of the frontal smus, is tough and 
loosely attached Its toughness gives it a good deal of re¬ 
sistance to cutting by shaip instruments, and its looseness 
rendeis it easily detachable at the slightest pressure These 
two favorable conditions form a very valuable protection 
against accidental entry into the lumen of the smus when an 
ostectomy is performed 

X-iay studies will give valuable information about the size 
and extent of the frontal smus and its relationship to the 
nasal bones 


UNDERDEVELOPED FRONTAL SINUS 

Wien the frontal smus is not well-developed, it will stop 
short of the glabella, and a block of compact bone will be 
found wheie the smus is normally located At the nasion 
tins block of compact bone fuses with the nasal bones, the 
fiontal processes of the maxillae, the bony nasal septum, the 
fiontal spine and the nasal notch of the frontal bone, to form 
a huge block of solid bone, which will make the ostectomy a 
difficult piocedure 



ANATOMICAL OBSERVATIONS FOR 
RHINOPLASTIC SURGERY * 

Romeo A Luongo, M D , 
and 

Romeo A Luongo, Jr , M D , 

Philadelphia, Pa 

anatomic relationships at the nasion 

The squama of the fiontal bone projects downwards, at the 
midhne, to foim the nasal part The lowei maigm of the 
nasal part, which is beveled, lough, uneven, and seriated, is 
called the nasal notch The upper margins of the nasal bones 
and of the frontal processes of the maxillae imbricate, like 
shingles, upon the beveled portion of the nasal notch 

Fiom the center of the nasal notch, the nasal process pio- 
jects downwards and foi wards underneath the upper margins 
of the nasal bones and the fiontal process of the maxillae 
The fiontal spine extends below farthei than the nasal pio- 
cess itself, and it becomes fused with the peipendiculai plate 
of the ethmoid postenoily, and with the septal crests of the 
nasal bones anteriorly to give the bridge of the nose a solid 
support 

This type of constiuction makes mfiactuung difficult and 
inadvisable Out-fiacturmg is the pioeeduie to be chosen 

If, to complete an osleotomy, a chisel is used to fiactuie at 
the nasion, the surgeon should beai m mind that this tech¬ 
nique may cause fiactuies of the sloping edges of the nasal 
notch, of the fiontal spine, of the peipendiculai plate of the 
ethmoid, destioymg the mam support of the nasal budge, 
and the impact of the chisel may even be tiansmitted to the 
ciibnfoim plate, furthermoie, when the fiontal sinus extends 
below the fionto-nasal sutuie line, which is located at the 

•Read at the meeting of the Eastern Section American Larj ngoloerleal 
Rhlnologlcal and Otological Socleti Inc. Philadelphia Pa. Jan 9 195S 

traitor s Note This manuscript receited in The Lar\ngoscope Office and 
accepted for publication March 10 1958 
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2 Under-de' eloped frontal sinus The floor of the frontal sinus 
Is about 2 cro nbo\e the upper ends of the nasal bones A solid block 
of bone Is found ichere the sinus Is normallj located 


nasal walls, it turns dowmtaid, outlaid and backward, point¬ 
ing dnectly to the mnei canthi of the eyes (see Fig 2) 

THE PRE-LACRIMAL GROOVE 

One of the most impoitant landmaiks of the nasal pviamid 
is the mnei nm of the oibit This is essentially the antenor 
laciimal ciest Adjacent to it, medially, is a gioove which is 
semi-lunar m shape and luns paiallel to the mnei oibital 
rim We shall call this gioove the pie-lacnmal groove (sul- 
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Pig 1 0\ er-de\ eloped frontal sinus The floor of the frontal sinus Is 

about 3 cm below the upper ends of the nasal bones which become part 
of the anterior wall of the sinus 


Befoie lhmoplastic suigery is consideied, X-iay studies of 
this legion should be made These should include the fiontal 
smus, the nasal bones and the frontal piocesses of the maxil¬ 
lae The naso-fiontal sutuie line should be mapped out, and 
its lelationship to the fiontal smus and to the above-descnbed 
block of bone should be determined This sutuie line orig¬ 
inates at the nasion, wheie it luns stiaight acioss the uppei 
limits of the nasal doisum and, when it leaches the lateial 
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Fig 2 Under-developed frontal sinus The floor of the frontal sinus 
fs about 2 cm abo\ e the upper ends of the nasal bones A solid bloch. 
of bone Is found where the sinus Is rormalljr located 


nasal Trails, it turns downward, outlaid and backwaid, point¬ 
ing: dnectlv to the inner canthi of the eyes (see Fig 2) 

THE PRE-LACRI1IAL GROOVE 

One of the most important landroaiks of the nasal pyiamid 
is the inner run of the orbit This is essentially the anterior 
lacrimal crest Adjacent to it, medially, is a groove which is 
semi-lunar m shape and runs paiallel to the inner orbital 
rim We shall call this groove the pie-lacnmal groove (sul- 
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Fie 1 Oi er-deteloped frontal sinus The Iloor of the frontal sinus Is 
about 3 cm below the upper ends of the nasal hones which become part 
of the anterior wall of the sinus 


Befoie lhmoplastic suigeiy is consideied, X-iay studies of 
this legion should be made These should include the fiontal 
sinus, the nasal bones and the fiontal piocesses of the maxil¬ 
lae The naso-fiontal sutuie line should be mapped out, and 
its lelationship to the fiontal sinus and to the above-descubed 
block of bone should be determined This sutuie line ong- 
mates at the nasion, wheie it luns stiaight acioss the uppei 
limits of the nasal doisum and, when it leaches the lateial 


THE USE OF ANTIBIOTIC-STERIOD COMBINATIONS 
AS NEBULIZING AGENTS IN THE TREATMENT 
OF LARYNGEAL CONDITIONS 

A Preliminary Report * 

Bernard L Silverblatt, M D , 

Pittsburgh, Pa 


The treatment of disease entities affecting the larynx is 
predominantly suigical Except for antibiotics in the acute 
infectious leactions and streptomycin in tubeiculous laryn¬ 
gitis, other therapeutic measures have failed to pioduce the 
enthusiastic lesults portrayed by their author Thus podoph- 
yllin, hoimonal agents as theehn, adrenalin, etc, are seldom 
prescribed today Limitations of vocal abuse, smoking and 
alcohol, peisist as standaid directives to the patient with 
hoarseness 

For almost two years, we have been using antibiotic stenod 
combinations m the treatment of many of our laryngeal 
pioblems This combination has been used in nebulization 
form, both as a pumary therapeutic agent and as an adjunct 
to suigical pioceduies We feel that the combination has 
lational and merit foi usage I would stress, however, that 
they aie not “cure-alls ” 


ANALYSIS OF THE PROBLEM AND RATIONAL OF THERAPY 


Standaid textbooks list 1 bettei than 50 specific diseases of 
the larynx Standaid nomenclatuie increases tins to better 
than 150 diagnoses This discrepancy is partially due to oui 
own inadequacies in standardizing nomenclatuie for disease 
entities, thus a clinical entity may be diagnosed on the basis 
of the etiology, the pathologic pietuie, the anatomic defoimity 
01 disability, and with the name of an authoi 


•Bead at , tlie American Lam ngolocical 

Rhinologlcal and Otologlcal Society Inc. Philadelphia, Pa Jan 9 195S 

ac^erfo N r°pubn4«on“eb^7\ r 9 e 5 C s el ' ed ’ n The Lar ^° s '°Pe Office and 
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cus pre-lacnmahs) This landmaik is important, because it 
indicates the posterior limits of rhmoplastic surgeiy 

Postenoi to this gioove aie found the following vital stiuc- 
tuies the lacumal sac, the naso-lacnmal duct, the oibital 
contents, the aggei nasi cells, the middle tuibmate, the cribn- 
foim plate and the naso-frontal duct 

SUMMARY 

1 The fiontal sinus may be ovei-developed and extend 
downwards beyond the glabella, past the fronto-nasal sutuie 
line, leaching as fai down as the middle of the nasal bones 
The nasal bones themselves will then become part of the 
antenoi wall of the fiontal sinus, and the flooi of the sinus 
will be attached dnectly to the mnei sui faces of the nasal 
bones 

2 The fiontal sinus may be under-developed and stop 
short of the glabella In this instance, a solid block of com¬ 
pact bone will be found where the sinus is normally located 
X-iay studies will determine the lelationship of the frontal 
sinus to the nasal bones 

3 The nasal notch of the fl ontal bone is beveled, at the ex¬ 
pense of the outei layei, to form a suitable bed for the im- 
bucation of the upper edges of the nasal bones and of the 
fiontal piocesses of the maxillae The frontal spine extends 
fuithei downwaid fiom the centei of the nasal notch, to be¬ 
come fused with the septal ciests of the nasal bones and with 
the bony septum, to give the nasal budge gieatei support 
This constiuction makes mfractunng impiaeticable 

U The pie-lacumal gioove (sulcus pie-lacumal) is one of 
the most important landmaiks of the nasal pyiamid It is 
located between the mnei oibital nm and the posteio-lateial 
maigm of the nasal pyiamid It luns paiallel to the mnei 
oibital lim, and it is semi-lunar m shape It can easily be 
felt by digitation This gioove indicates the postenoi limits 
foi lhmoplastic suigeiy Theie aie no vital stiuctuies an- 
teiioi to this gioove, they aie all postenoi to it 

2054 Locust Stieet 
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CLINICAL RESULTS 

Antibiotic-stei lod nebulization lias been utilized in the 
clinical management of all of these conditions The antibiotic 
to combat the infectious factoi m the etiology of many of 
these conditions, or the secondary infection that may co-exist, 
the stenods to act as the blocking or anti-mflammatoiy agent 
for the steieotyped leaction that occuis m lesponse to non¬ 
specific nutation In its action it also contiols fibiosis of 
healing 


ACUTE LARYNGITIS 

Case 1 Young male employed in recapping automobile tires developed 
hoarseness when the overhead ventilator broke down and he was sub 
jected to the inhalation of concentrated chemical irritants, symptoms 
had persisted for one week Examination revealed a diffuse redness of 
the larynx with edema of the mucosa Nebulization therapy was recom 
mended Report of the referring laryngologist 48 hours after therapy 
was “improved voice -with marked clearing of the local reaction ’ 


ACUTE LARYNGITIS 

Case 2 Young male railroader was seen in consultation because of 
hoarseness and painful difficult swallowing, four weeks prior he had 
been injured and exposed to chemical fumes when a Diesel engine ex 
ploded Treatment during his two weeks of hospitalization consisted of 
penicillin and confinement In an oxygen tent, at this time the mucosa 
of the hjpopharynx and larynx was red and edematous there were 
residual areas of ecchymosis and ulceration in the nasopharynx One 
week after nebulization therapy was started the voice had Improved and 
pain and difficulty In swallowing had subsided In another week all 
symptoms had subsided and the physical findings had returned to normal 

Both cases lepresent specific theiapy foi a reveisible 
piocess 

The contact ulcer has usually been a chronic difficult 
problem to treat 

Case 1 Music teacher with hoarseness for two weeks failed to show 
improvement under a regime of therapy prescribed by her home town 
laryngologist Examination of the larynx showed a diffuse edematous 
ulceration with exudate on the right vocal cord and a concave ulceration 
of the right arytenoid One week after nebulization there was 75 per 
cent improvement the edema and exudate had subsided leaving onlj 
the concave ulceration of the vocal process, this was larger than on the 
original examination Two weeks later healing was complete voice rest 
had not been insisted upon 

Case 2 A similar result was obtained in a female patient with hoarse¬ 
ness for two months excessive talking and smoking had been part of 
an unusually active social program there was a large ulceration of the 
right vocal process Two weeks after therapy the process was 50 per 
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If we analyze the laryngeal diseases, howevei, we find 
that they can be classified into six categories 1 Congenital 
Defects, 2 Infections, 3 Toxic, U Tiaumatic, 5 Paial- 
ysis, neuiomusculai and systemic distuibances, 6 Tumois 

Of these, congenital defects and paralysis can be eliminated 
fiom this discussion The otheis may be consideied, since 
they have a common factor m that they lepiesent an mflam- 
matoiy leaction, using the teim mflammatoiy as a non¬ 
specific leaction to injury whether due to infection, alleigy, 
nutation oi tiauma The inclusion of tumois depends upon 
these factors 1 Many of the so-called benign tumois of the 
larynx are actually non-neoplastie m ongm, 2 Malignant 
tumois are of unknown etiology and stenods, and antibiotics 
have been used to conti ol neoplastic activity m othei paits of 
the body, 3 Nebulization might be a useful adjunct m the 
postopeiative healing piogram 

The pathologic lesponse to inflammation in the laiynx is 
the same as elsewheie m the body, diffeung only m the 
symptomatology of the local anatomy The mflammatoiy le¬ 
action takes place m the subcutaneous connective tissue 2 3 
This leaction leads to progressive changes, descubed fiom the 
gioss appeal ance, as ledness, edema, hypeiplasia, fibiosis oi 
hypertrophic changes with keiatosis Foi simplicity we can 
diagram this gioss pathologic pictuie and cooidmate it with 
oui clinical diagnosis as follows 


GROSS APPEARANCE 


Redness 

l 

Edema 


Fibrosis 

i 

Aletaplasia 


CLINICAL DIAGNOSIS 


O) 

3 

CQ 

5 

> 

<D 


Lar\ ngitis 

| Contact Ulcer 
Hvperplasia Polvp 

j- 




Vocal Nodule 
Papilloma 


Pachydermia 

Hyperkeratosis 

Leukoplakia 

Cancer 
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was started and endoscopic removal performed in February and April 
There was no recurrences at the last examination in November 

HYPERKERATOSIS AND LEUKOPLAKIA 

Nebulization has been used both as a pi unary therapeutic 
agent and also as a postoperative adjunct in these cases 
The progress of theiapy can be observed m the routine ex¬ 
amination of the patient We feel that we have been able 
to reverse the piocess m cases with eaily surface changes, 
and pi event recurrence m those cases requiring endoscopic 
removal 


TUMORS 

Nebulization has been utilized m the postoperative care of 
patients with caicmoma m situ removed under diiect laryn¬ 
goscopy 


METHOD OF THERAPY 

A No 40 DeVilbiss nebulizei is prescribed foi home use by 
the patient The pieparation of choice has been cortisporm 
This is a suspension of aerosponn, neomysin and hydiocorti- 
sone in an aqueous vehicle Therapeutically this formula 
combats infection due to susceptible oigamsms, and lelieves 
symptoms caused by an inflammatory process The incidence 
of tissue sensitivity to the components is low While other 
piepaiations may be equally effective, we believe that a 
suspension offers the advantage of a gieatei concentration 
and moie prolonged action 

The patient is instructed m the method of nebulization and 
treats herself foui times daily with 6 to 8 inhalations at each 
piocedure Theiapy is decieased to an “as needed regime,” 
with impiovement m symptoms and local findings 

SUMMARY 

An analysis and lational for the use of cortico-stenod- 
antibiotics combination m various disease entities of the 
laiynx has been presented The clinical results observed m 
the tieatment of various laryngeal diseases with cortisponn 
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cent improved in spite of continuation of her social activity Because 
of her apprehension, therapy was continued along with limited voice use 
One week later the voice and local findings ■were normal, and there has 
been no recurrence to date 

Case 3 S K, age 42, Mas a salesman with hoarseness for two \ears, 
a laryngoscopy had been performed twice previously for removal of a 
tumor Our examination revealed the presence of a large pea sized 
granuloma of the right vocal piocess A recun ence developed after 
laryngoscopic removal Nebulization therapy was prescribed The patient 
"as not seen again for three months At this time the voice Mas good 
and larvngeal examination revealed complete healing with only a small 
epithelized nodule at the site of the previous granuloma 


LARYNGEAL POLYP 

The laiyngeal polyp is basically a localized edematous le- 
action It is lefened to by clinicians and pathologists m 
vaiymg descuptive terminology Nebulization has been used 
as the pumaiy agent m many cases, with a satisfactory 
level sal of the process and impiovement in the voice In 
othei cases tieatment has been used as a postopeiative ad¬ 
junct to pi event meveisible gianulation We feel that theie 
have been benefits m both situations 

PAPILLOMA 

Papilloma has been a pioblem, especially m childien, be¬ 
cause of its tendency to lecui Impiovement with antibiotic 
theiapy has been conti oveisial We feel that the antibiotic 
stenod combination has served to abort the piocess when 
used as a postopeiative adjunct 

Case 1 R M, age five years, was first seen in 1954 A tracheotomy 
had been performed at the age of two years, and endoscopic removal of 
papilloma performed repeatedly r Laryngeal findings at this time were 
described as a diffuse groMth of papillomas in the larynx and extending 
into the upper segment of the trachea During 1954 and 1955 Me con 
tinued to remove papillomas every three months Nebulization therapy 
was added to his regime in April, 1955 There Mas complete arrest of 
the recurrence, so that in October, 1955, the tracheostomy vas closed 
There Mas no recurrence at the last examination in September, 1957 Age 
at this time Mas se\en years 

Case 2 A. B, age three years Mas first examined in 1955 tv 1th hoarse¬ 
ness due to a diffuse growth of larymgeal papilloma over both cords 
Endoscopic removal Mas performed at three-month Internals until Febru 
ary, 1957 uhen nebulization therapy Mas started Papillomas Mere 
removed in July, 1957, and there has been no recurrence to date Patient 
is now fl\e years old 

Case 3 J H, age three years had papillomas removed on three occa 
sions prior to our examination in February, 1957 Nebulization therapy 



THE ROUTINE BLEEDING AND CLOTTING TIME 
TESTS THEIR MEDICOLEGAL STATUS *f 


Russell Fletcher, M D , 

San Rafael, Calif 

The leason foi piesentmg a papei on this conti oveisial 
subject is to leview briefly the history of the tests and the 
leasons why these obsolete “scieen” tests aie so extensively 
employed The modem diagnosis of hemonhagic disease 
leaves no doubt that these tests aie not accuiate, they aie 
not leliable, and actually they may constitute a dangei 01 a 
menace to the patient and to the physician by inducing false 
secunty if he lelies upon these tests alone to deteimme pie- 
opeiatively whethei 01 not a patient will bleed 

THE HISTORY OF THE BLEEDING AND CLOTTING TIME TESTS 

These tests have been done foi 40 yeais Bailey 1 m 1922, 
and Hunt 3 in 1927, each made suiveys of seveial hundied 
hospitals m the United States m which a laige peicentage 
used the tests loutmely They found that most of the hos¬ 
pitals and physicians who had stopped using the tests did so 
because they weie not leliable Hunt stated that it was not 
necessary to have tests done if a piopei histoiy and physical 
examination had been done Shepeaid 3 m 1948, stated that 
the tests weie “a vestigial lemnant of yesteryeai,” and the 
Journal of the Amencan Medical AssociationJ m 1955, com¬ 
mented on Ins aiticle as follows “Theie have been numeious 
leports lelatmg expenence fiom Nose and Thioat Depart¬ 
ments that show bleeding and clotting time estimates aie not 
piactical as tests piedictmg hemonhages dui mg and aftei a 
tonsillectomy Noimal lesults aie not a guaiantee of fiee- 
dom fiom hemonhage, and abnormal lesults have been ob- 

at the meeting of the W extern Section American Lar> ngological 
1958 ° IOeICal and Otological Soclet} Inc Be\erl> Hills Calif Jan 18 

tThe blood taken for these tests Is taken from a puncture wound of the 
ringer or ear and is not done routinely bj \enepuncture 

Editors Note This manuscript recei\ ed in The Lar} ngoscope Office and 
accepted for publication March 4 1958 
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nebulization as a primary agent and as an adjunct to surgeiy 
have been leported 
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ANNUAL OTOLARYNGOLOGIC ASSEMBLY 
UNIVERSITY OF ILLINOIS 

The Umveisity of Illinois College of Medicine Department 
of Otolaiyngology announces its Annual Otolaiyngologic As¬ 
sembly from Septembei 29 thiough Octobei 5, 1958 The 
Assembly will consist of an intensive senes of lectures and 
panels concerning advancements m otolaryngology, and even¬ 
ing sessions devoted to surgical anatomy of the head and 
neck and histopathology of the ear, nose and thioat Inter¬ 
ested physicians should write dnect to the Department of 
Otolaryngology, 1853 West Polk Street, Chicago 12, Ill 
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mfoimation, as well as the fact that piactically all physicians 
concede that the tests aie of veiy little value, why aie these 
tests done in so many hospitals, either optionally on the part 
of the physicians, or aie requned by hospital legulations 9 In 
a lough survey of the hospitals of the San Fiancisco Bay 
aiea, over 50 pel cent of them lequne these tests pre- 
opeiatively In Portland, Ore, seven of the eight hospitals 
have the tests done 

REASONS GIVEN FOR CONTINUING THE TESTS 

1 An occasional physician “thinks that the tests might be 
helpful sometime” (raiely is theie a physician found who is 
convinced of this fact) 2 Some physicians believe that 
having the tests done reassuies the patient 8 Many physi¬ 
cians, when asked why they continue the test, answei “why 
worry oi fuss about eliminating the tests which cost the 
patient such a tiivial or paltry sum” ($2 00 m the San Fian¬ 
cisco Bay aiea) , and they add, “anyhow, most patients have 
insurance ” Although economics should never be a considera¬ 
tion m tins problem, it is one of the chief aiguments of the 
pioponents foi continuing the tests A few facts might be 
brought out regaiding this If it is not leliable and not 
necessary, it is wasteful, no mattei how cheap it is or who 
pays foi it 

In Mann County, with a population of 30,000, the thiee hos¬ 
pitals m this county did 5,446 opeiations m 1957 At $2 00 
pei test, this amounts to $10,892 As Marm County is ap¬ 
proximately 1 pei cent of the State of California, this total 
would be $1,089,200 foi the State If this amount is wasted 
by lequirmg an unnecessary test, it is not trivial oi paltrv 
One of the health msuiance companies in California that does 
10 per cent of the health msuiance m this State, handles 
about 90,000 opeiations pei yeai, theiefore, it is self-evident 
that elimination of such unnecessary tests would be a material 
saving to all insurance companies 4 The tests have been 
done foi so many veais that physicians are hesitant to discard 
“such time-honoied tests,” vhich is chiefly due to inertia 
The fact that anv test has been done routinely by a large 
number of physicians in anv community was a strong medico- 
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seived without subsequent Weeding Dependence upon Weed¬ 
ing and clotting time tends to lead to a false sense of secunty 
The histoiy and physical examination are much more im¬ 
portant, and if such an examination suggests a Weeding 
tendency, then a thorough study is indicated ” 

There aie some statements m the literatuie, and in text 
books, which claim m the same sentence that “although the 
tests aie not leliable, then omission “might have disturbing 
medicolegal consequences ” Some text books have stated 
that the tests weie of value m anticipating hemorrhage pie- 
opeiatively (These indefinite statements and mfeiences m 
the liteiature, aie the points that a lawyei grasps m ordei to 
convince a jury that one was negligent if the tests weie not 
done) This is lllustiated by oui experience m Marin County 
this past yeai The suigeons voted unanimously to eliminate 
the tests pi e-operatively, howevei, the pathologists, who 
dnect all the hospital laboratones, strongly argued that, al¬ 
though they “conceded that the tests aie of somewhat limited 
value,” they felt that such statements and mfeiences as noted 
above m the literatuie weie of sufficient value for the lawyer 
to accuse and perhaps convince a jury that theie was negli¬ 
gence if the tests had not been done on a patient that sub¬ 
sequently hemonhaged The result was that the hospital 
made it obhgatoiy to have the tests done pre-opera tively on 
every patient 

The following aie a few of the outstanding hospitals and 
clinics that do not have tests done pie-operatively the Massa¬ 
chusetts Eye and Ear Infnmary, the Childien’s Hospital m 
Boston, the hospitals m Baltimoie, the Univeisity of Michigan 
Hospital, the Mayo Clinic, the University Hospital m Iowa 
City, and Stanford Hospital m San Fiancisco All of these 
hospitals had loutinely used the tests foi years, but abandoned 
them because they weie not reliable 

In a lettei fiom the legal department of the Amencan 
Medical Association, 5 dated Dec 13, 1957, it was stated that 
they knew of no court decision based upon the use or non-use 
of these tests 

Why me These Tests Still Continued ? In spite of the above 
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all m-patients about to undeigo suigeiy is a sensible one, and 
that it should not be changed 'unless substantial medical evi¬ 
dence is available as to the wv eh ability and futility of the 
tests”, theiefoie, it is up to the medical piofession to show 
“substantial medical evidence as to the unieliability and 
futility of the tests ” 

This evidence is available fiom tlnee national authonties 
on hemonhagic diseases 1 The most concise and giapluc 
presentation of this evidence is given in a lettei fiom Louis 
K Diamond, M D who is Associate Professoi of Pediatucs 
at Harvaid Medical School, and who is in chaige of the Blood 
Clotting Laboiatoiy at Childien’s Hospital m Boston He 
made the following buef suivey Snivey of childien icfcried 
to the Blood Clotting Laboiatoi-y of Chihli en’s Hospital of 
Boston in the past foui yeai s 

Group I Patients who had had a loutme pie-T and A 
bleeding and clotting time determination in a hospital laboi a- 
tory where one or both tests weie found to be piolonged be¬ 
yond normal limits and, theiefore, were lefeired to us foi 
moie elaborate tests which we found to be entnely noimal, 
nine patients, most of whom latei had T and A without any 
bleeding distuibance 

Group II Patients who had a definite lustoiy of biuismg 
m the past and when explored, frequently a lustoiy of bleed¬ 
ing m relatives, but normal bleeding and clotting times had 
been determined by loutme methods, 14 patients, nine of 
whom had hemophilia of varying degrees and five Christmas 
disease 

Group III Patients who bled following surgery, in whom 
a routine bleeding and clotting time was said to be normal, 
five patients, of whom four had hemophilia and one Christmas 
disease 

Gioup IV Patients who bled following suigeiy m whom a 
good bleeding and clotting time test, even using venous blood, 
and supervised by our own laboratory, showed normal values, 
and yet following T and A in seven cases and dental extraction 
m one case, there Mas moderate to severe hemorrhage In 
two cases blood loss M r as sufficient to require transfusion 
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legal argument foi continuing the test This point is veiy 
well covexed m the next paiagiaph, undei “Medicolegal 
Status ” 

5 The Mediolegal Status The chief xeason why physicians 
and hospitals have continued this loutme pie-opeiative test 
is the medicolegal threat 01 intimidation that failuie to have 
had the tests done might be giounds foi negligence if a law¬ 
suit were instigated because a patient hemonhaged On the 
Pacific Coast we aie particulaily awaie of malpractice suits 
This is xeflected m the high lates foi malpiactice msuiance 
The rates given by the Amencan Academy of Ophthalmology 
and Otolaiyngology shows that Oiegon has the highest rate 
m the nation, which is about twice as high as Califonua, and 
Washington which, in turn, aie three times as high as the 
rates m Texas, Pennsylvania 01 New Hampshne, and twice 
as high as New Yoik 

What is the accepted ox customaiy piactice m the com¬ 
munity m which you piactice 7 A lettei fiom the legal de- 
paitment of the Amencan Medical Association to me, 5 dated 
Dec 13, 1957, outlines the requirements veiy well and states 
m pai't, as follows “To comply with legal iequnements, a 
physician must meet the standaids of good medical practice 
m any service he furnishes a patient These standards are 
based on what othei reputable physicians m the community, 
or in similar communities, would oi would not do m the caie 
of similai cases One of the tests applied, so fai as the use 
of a particular medical oi surgical technique is concerned, 
is the general leliability and acceptance of such technique, If 
the value of a paxticulai technique is of such a degiee that a 
substantial numbei of reputable physicians m the community 
would utilize it m a given situation, then the failuie of a 
physician to utilize it m the same oi similai situation would 
be a difficult factoi to explain m a subsequent malpractice 
suit It may not constitute negligence per se, but the jury 
would certainly legard such factoi with lespect Whether 
or not bleeding and clotting time tests enjoy the degiee of 
acceptability descnbed above, I cannot say That must be 
decided by the medical profession I believe a hospital 
regulation uigmg routine bleeding and clotting time tests on 
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all m-patients about to undeigo suigeiy is a sensible one, and 
that it should not be changed unless substantial medical evi¬ 
dence is available as to the uniehabihty and futility of the 
tests”, theiefoie, it is up to the medical profession to show 
"substantial medical evidence as to the umehability and 
futility of the tests ” 

This evidence is available fiom thiee national authonties 
on hemonhagic diseases 1 The most concise and graphic 
presentation of this evidence is given in a Iettei from Louis 
K Diamond, M D ,° who is Associate Professoi of Pediatrics 
at Harvaid Medical School, and vho is m charge of the Blood 
Clotting Laboratory at Children’s Hospital m Boston He 
made the following buef survey Survey of clnldien lef erred 
to the Blood Clotting Laboiatoi'y of Cluldien’s Hospital of 
Boston in the past foui yeais 

Group I Patients who had had a loutme pie-T and A 
bleeding and clotting time determination m a hospital labora¬ 
tory where one 01 both tests weie found to be prolonged be¬ 
yond normal limits and, theiefoie, weie lefened to us for 
more elaborate tests which we found to be entirely normal, 
nine patients, most of whom latei had T and A without any 
bleeding disturbance 

Gioup II Patients v ho had a definite lnstoiy of bruising 
m tlie past and when exploied, frequently a history of bleed¬ 
ing m relatives, but normal bleeding and clotting times had 
been determined by loutme methods, 14 patients, nine of 
whom had hemophilia of vaiymg degiees and five Christmas 
disease 

Group III Patients who bled following surgery, m whom 
a routine bleeding and clotting time was said to be normal, 
five patients, of whom four had hemophilia and one Christmas 
disease 

Gioup IV Patients who bled following suigery in whom a 
good bleeding and clotting time test, even using venous blood, 
and supervised by our own laboratory, showed normal values, 
and yet following T and A m seven cases and dental extraction 
m one case, theie was modeiate to seveie hemorihage In 
two cases blood loss was sufficient to lequire transfusion 
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legal argument foi continuing the test This point is very 
well coveied m the next paiagiaph, undei “Medicolegal 
Status ” 

5 The Mediolegal Status The chief leason why physicians 
and hospitals have continued this loutme pre-opei ative test 
is the medicolegal thieat 01 intimidation that failuie to have 
had the tests done might be giounds foi negligence if a law¬ 
suit were instigated because a patient hemorrhaged On the 
Pacific Coast we aie particulaily aware of malpiactice suits 
This is leflected m the high lates foi malpractice msuiance 
The lates given by the Amencan Academy of Ophthalmology 
and Otolaiyngology shows that Oiegon has the highest late 
m the nation, which is about twice as high as Califonua, and 
Washington which, m turn, aie thiee times as high as the 
lates in Texas, Pennsylvania 01 New Hampshne, and twice 
as high as New Yoik 

What is the accepted or customaiy piactice m the com¬ 
munity in which you piactice’ A lettei fiom the legal de- 
paitment of the Amencan Medical Association to me, J dated 
Dec 13, 1957, outlines the lequnements veiy well and states 
m pait, as follows “To comply with legal requirements, a 
physician must meet the standaids of good medical piactice 
in any service he furnishes a patient These standaids are 
based on what otliei leputable physicians m the community, 
oi in similai communities, would oi would not do m the caie 
of similai cases One of the tests applied, so far as the use 
of a paiticulai medical oi suigical technique is concerned, 
is the geneial lehability and acceptance of such technique If 
the value of a particulai technique is of such a degiee that a 
substantial numbei of leputable physicians in the community 
would utilize it m a given situation, then the failuie of a 
physician to utilize it in the same oi similai situation would 
be a difficult factoi to explain m a subsequent malpiactice 
suit It may not constitute negligence pei se, but the juiy 
would ceitainly legald such factoi with lespect Whethei 
oi not bleeding and clotting time tests enjoy the degiee of 
acceptability descnbed above, I cannot say That must be 
decided by the medical piofessi-on I believe a hospital 
regulation uigmg loutme bleeding and clotting time tests on 
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hemorrhagic studies are not indicated in the case of patients 
who are not bleeding at the time, 01 who ha\e a peisonal and 
family history negative for abnormal bleeding, and no signs 
of abnormality at the time of physical examination ” 

He further states “On patients whose lustoiv 01 pin sical 
examination indicates a bleeding tendenci, then special hemoi- 
rhagic tests by experts aie indicated ” He stated that “a 
suigeon would not be consideied negligent if he did not pei- 
form routine pie-opeiative tests for bleeding and clotting 
tmie ” He also states “m the past, the fmgei tip method v as 
an accepted and standaid piactice and affolded the suigeon, 
the laboiatory directoi, and the hospital adnunisti ation a 
degree of medicolegal protection which conies fiom the pei- 
formance of the usual and customary pioceduies Such pio- 
ceduies will not, m the light of present knowledge, continue 
to be accepted ” Theie aie so many mteiestmg and pertinent 
facts m this article by Di Diggs, that it would take too long 
to review them m this paper It is, theiefoie, strongly 
recommended that eveivone lead this excellent article by Di 
Diggs 


CONCLUSIONS 

1 The routine bleeding and clotting time tests aie not 
re la le, authorative medical evidence is hei ewitli pi esented 
( t has also been the expenence of many clinicians) 

2 The tests are dangeious and a menace to the patient and 
o the physician by inducing a false sense of secui lty 

5 The safest practice for the patient, as well as the pliysi- 
cian is to take a caieful history of bleeding m the patient and 

le family, and to make a good physical examination If 
these show any bleeding tendency, then special hemouliagic 
studies by an expeit aie indicated 

a A physician with such a patient will not be guilty of 
116 ® hpnce if the loutme tests weie not done pi e-opei ativelv 
and the patient subsequently bled 

6 A physician with such a patient who lelied on the loutme 

ee mg and clotting tests alon-e and did not have special 
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2 The second authontative evidence is given by Paul Ag- 
gelei, MD, T Associate Clinical Piofessoi of Medicine at 
Umveisity of California Medical School, and Head of the 
Blood Clotting Reseaich Laboiatoiy at Children’s Hospital 
in San Fiancisco He states that “numerous cases falling 
into all foui categoiles listed by Di Diamond have been ex¬ 
tensively investigated m his laboratoiy Dui mg the past 
three yeais alone, 28 patients whose bleeding and venous 
blood clotting time weie noimal, weie nevertheless pi oven 
by moie detailed methods to suffei fiom well defined clotting 
disoideis (hemophilia, PTC deficiency, P T A deficiency, 
hypopioconveitinemia and fibiinogenopema) In about one- 
thiid of these patients tooth extraction, tonsillectomy, and 
even majoi suigery had been pel formed, with hemonhagic 
complications m eveiy instance In seveial cases, because 
of the false assuiance affoided by noimal bleeding and clot¬ 
ting times, the opeiation had been done without furthei in¬ 
vestigation, despite the suigeon’s complete awaieness of the 
bleeding histoiy In 20 yeais’ expenence in this field Di 
Aggelei can lecall not a single instance in which a bona fide 
hemoirhagic disoidei was discoveied solely by the use of 
routine pie-opeiative bleeding and clotting times He has 
seen many cases, howevei, wheie false positive results have 
lead to still fuithei useless and expensive investigations ” 

3 The thud souice of evidence that these tests aie not le- 
liable, is the article "Diagnosis of Hemonhagic Diseases— 
Evaluation of Pioceduies ” Part I appeals in the Decembei, 
1957, Califoi'nia Medicine, and Pali: II in the Januaiy, 1958, 
issue by L W Diggs, M D , who is Piofessoi of Medicine at 
the Umveisity of Tennessee College of Medicine, and Dnectoi 
of Depaitment of Medical Laboiatones, Umveisity of Ten¬ 
nessee, City of Memphis Hospitals, who was the guest speakei 
at the California Medical Association meeting m May, 1957, 
in Los Angeles This pap ei discusses in detail the importance 
of a careful histoiy and physical examination, and states that 
“they are moie lehable than laboiatoiy tests foi the pie- 
diction of the tendency to bleed at the time of suigical opeia¬ 
tion, and failure to obtain a history of bleeding episodes may 
be c'atastiophic ” He also states that “Routine pie-operative 



THE TREATMENT OF POLYPOID LARYNGITIS *f 


Gerson Lowenthal, M D , 
Cincinnati, Oliio 


The teim polypoid laiyngitis designates a localized 01 dif¬ 
fuse non-specific inflammatory tumoi of one 01 both vocal 
coids, involving the epithelium and the subepithelial space 
of Remke This space is a \ eiv thin layei of loose connective 
tissue between the epithelium and the elastic and musculai 
tissue of the vocal coi ds 1 It extends fi om near the anterior 
commissuie to the vocal piocess of the arytenoid and to the 
stiia aicuata, supenoi and mfenoi, 2 which is the tiansition 
point between the squamous and the columnai epithelium 
above and below It has a seaice arteiial supp ly b ut a uch 
venous plexus The epithelium is much tlunnei, only two or 
flnee - layers, at the free edge and uppei surface of the cold, 
while theie aie 10 to 20 laveis of stiatified squamous epithe¬ 
lium ovei the lemamdei of the cold 3 Tins explains why the 
inflammatory lesions ma-\ be lestiicted to this space, and 
why they occur most commonh along the phonatmg edge 
and uppei surface of the cord 

The most common inciting factors for polypoid laryngitis 
aie considered to be the tiauma of vocal abuse 4 oi the nuta¬ 
tion pioduced bv smoking 5 6 These lesions neailv alwavs pro¬ 
duce hoarseness, tiling of the \oice, occasionally pam or 
discomfort in the thioat, and rarelv, lespiratorv embanass- 
ment Psvchologicallv theie is usually appiehension on the 
part of the patient ovei the implications of the symptoms 

Clinically, the lesions may be placed m two gioups localized 
and diffuse Eitliei of these may be acute, due to sudden 
vocal stiam, oi chiomc, due to xepeated tiauma to an un- 
lesohed piocess In the localized, the tumoi mav be a pedun- 

*Read at the meeting of the Middle Section American Lar\ npolog-lcal 
Rhinological and Otologlcnl Soc!ef\ Inc Chicago Ill Januari 13-H las’: 

tFrom the Departments of Otolaryngology The Jewish Hospital and 
The College of Medicine Unltersity of Cincinnati Cincinnati Ohio 

Editors Xote This manuscript recelied in The Ear} ngoscope Office and 
accepted for publication March 10 105 s 
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hemonhagic tests by an expeit, might be accused of negli¬ 
gence 

4 Since the tests have been pi oven to be so uniehable, 
they should not be lequned pie-opeiatively on suigical pa¬ 
tients 

5 “If it is medically sound, it will stand up legally'” 0 
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POST GRADUATE COURSE 
UNIVERSITY OF ILLINOIS 

The next postgiaduate couise m Laiyngology and Bioncho- 
esophagology to be given by the Univeisity of Illinois College 
of Medicine is scheduled foi the penod Octobei 27 tlnough 
Novembex 8, 1958, undex the dnection of Dx Paul H Hohngei 

Intelested legxstxants please wiite to Depaitment of Oto- 
laiyngology, Univeisity of Illinois College of Medicine, 1853 
West Polk Stieet, Chicago 12, Illinois 
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neoplasm, benign 01 malignant, not only m gioss appeaiance 
but also m mode of onset and m pioduction of symptoms” 
They feel that with few exceptions all benign tumois should 
be lemoved 

Although the definition, clinical appeaiance, etiology, histo- 
pathology and location may be vanable or conti oveisial, 



Localized Polypoid Laryngitis 
S. 555-104 

Fig: 2 Most common location on cord—the anterior half (View b> 
indirect laryngoscope) 


theie is lelative unanimity with legald to tieatment This 
papei will concern itself pnmanly with the suigical tieat¬ 
ment 

Tieatment is divided into thiee phases fust, the medica l 
or “expectant” phase A caieful suivey of the mouth, eais, 
nose and throat, and a thoiough medical examination to rule 
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culated ox sessile mass ansing fiom the fiee edge 01 uppei 
suiface of the coid, neai the jynction of the anterioi and 
middle thuds, laiely m the postenoi thud Occasionally 
the lesion may be found m the antenor commissuxe, and m- 
fxequently m the postenoi commissuie It may vaiy m color 
fxom a pale glistening giay to a pink, yellow 01 puiple In 
consistency it may vaiy fiom soft, almost gelatinous, to lathei 
film and nodulai In the diffuse, the swelling involves the 



Fie 1 Instruments used In sureical treatment of polj pold laryngitis 
A Jackson Lari neeal Cup Bite Forceps Aneular Jaw 2-4 mm (Edrect 
Lar> ngoscopi ) B Curied Lari neeal Forceps (Universal Handle! 2-4 mrr, 
(Indirect Laryneoscopi) ,In 


antenoi half 01 two-thuds 01 moie of one 01 both coids 
The coloi may vary fiom a peaily giay to a dusky pmk This 
type may also be flabby 01 somewhat fnm 

Histologically, the localized and the diffuse lesions fi e - 
quently cannot be diffeientiated and show vaiymg degiees 
of congestion, edema, thiombosis and hyalmization, descnbed 
by Fuedbeig and Segall 3 (see Fig 4) 

New and Eiich," m then monumental papei on benign 
tivmois of the laiynx, state that “Inflammatory tumois may 
beai an exact similanty to almost any type of laryngeal 










LOWENTHAL POLYPOID LARYNGITIS 


1099 


Chloiophenol If the lesion is leveisible within a few weeks, 
no fuithei tieatment may be necessary 

The second phase is suigieal tieatment, which is essentially 
an excisional biopsy (see Fig 3), with gentle, piecise, super¬ 
ficial lemoval of the lesion It is well lecognized that follow¬ 
ing this punciple without damage to the undei lying elastic 
membiane, theie appeals to be complete legeneiation of the 
coid with noimal appeaiance and Tunction This has been 



Fig 4 Localized Polypoid Laryngitis Photomicrograph of specimen 
shoY\ n in Fig 3 demonstrating congestion edema thrombosis and hyalinl- 
zation of the loose subepithelial connects e tissue 


demonstiated by Jackson, Tuckei, 11 Loie, 10 Holmgei 1 - an d 
othei s 13 Jackson 13 states that it is bettei to leave a conv ex 
ed ge of the lesion on the coid, even if this should allow a littl e 
of the - basal tissue to lemam, lathei than to lemove too much 
tissue, leaving a concavity If necessary, a secondary pio- 
ceffuie can be done In polypoid lesions with a suggestion of 
hypeikeratosis oi leukoplakia, biopsies must be taken fiom 
vanous aieas m the larynx and caiefully labeled as to the 
site of origin of each specimen Thus, eaily oi vn situ carci¬ 
noma can be localized 14 

The lecognized methods of suigieal lemoval aie by m- 
dnect 5 or dnect 13 laryngoscopy undei local or general anes- 
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out local 01 pulmonaiy, 01 othei systemic disease 
tant 8 Elimination of the inciting causes such as vocal 
smoking, and alcohol ingestion, aie mandatoiy Voi ^ 
education is lequned m many cases Specific medical th^ l6 ~ 
has not been available, although lecently steioids have^h 3 ^ 
used by Biodmtz " Some symptomatic lelief may be obtain^ 
fiom a bland mtiatiacheal instillation such as Monop 
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Chloioplienol If the lesion is reveisible within a few weeks, 
no furthei tieatment may be necessary 

The second phase is suigical tieatment, which is essentially 
an excisional biopsy (see Fig 3), with gentle, piecise, super¬ 
ficial lemoval of the lesion It is well lecogmzed that follow¬ 
ing this punciple without damage to the undeilying elastic 
membiane, theie appeals to be co mplete legeneiation of the 
coid with noimal appealance ancTfunction This has been 



Fig 4 Localized Polypoid Laryngitis Photomicrograph of specimen 
shown In Fig 3 demonstrating congestion edema thrombosis and htalinl- 
zatlon of the loose subeplthelial connecti\e tissue 


demonstiated by Jackson, Tuckei, 11 Loie, 10 Hohngei 1 - an d 
others 13 Jackson 13 states that it is bettei to leave a corn ex 
edge " of the lesion on the coi d, even if this should allow a littl e 
df~EITe basal tissue to l emam, rathei than to l emove too much 
tissue, l eaving a concavity - it necessary, a secondary pro- 
ceduie can be done In polypoid lesions with a suggestion of 
livpeikeratosis or leukoplakia, biopsies must be taken fiom 
vanous aieas in the larynx and caiefully labeled as to the 
site of origin of each specimen Thus, early oi in situ carci¬ 
noma can be localized 14 

The recognized methods of suigical lemoval are by in¬ 
direct 3 or dnect 13 laryngoscopy undei local or geneial anes- 
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Ftp 3 Localized Polypoid Laryngitis 
from position show n In Fig 2 


Photograph of a lesion remove. 


out local oi pulmonaiy, 01 other systemic disease, is impor¬ 
tant 6 Elimination of the inciting causes such as vocal abuse ; 
smoking and alcohol ingestion, aie mandatoiy Voice re¬ 
education is i equn ed m many cases Specific medical therapy 
been available, although lecently steioids have been 
has not nee symptomatic lelief may be obtained 

fiot a bland intianachea. instillation such as Mono-P- 
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three-mmute intervals, and the patient is encouiaged to ex- 
pectoiate the excess Some of the anesthetic is applied to the 
upper gum to 1 educe the discomfort of the laryngoscope latei 

Cocaine hydiochlonde, 5 cc of 10 pei cent solution, is 
fleshly piepaied in the operating loom fiom a measuied 
amount of crystals This is instilled into the laryngopharynx 
and laiynx by the drop method Using a laryngeal syunge 
with a curved tip, seveial diops are placed into the valleculae 
and into each pniform sinus The patient is mstiucted to 
breathe quietly while the tongue is being held, after winch 
he expectoiates the excess and the piocedure is lepeated One 
cc is then instilled ovei the coids with the patient saying “A” 
oi “E” foi a few moments Tins is also lepeated in a few 
minutes Rarely is moie than 3 or 4 cc of the solution re¬ 
quired 

The combined technique is used most often Fust, by 
mdnect laryngoscopy the lesion is lemoved by evulsion with 
a double cupped biting foiceps The patient is usually un- 
awaie that this maneuver is different fiom the instillation 
of the anesthetic Depending upon the size of the lesion, a 
laige or small tip is used Most, if not all, is removed by 
this technique 

Secondly, a dnect laryngoscopy with a Jackson oi Hohngei 
antenor commissuie larvngoscope, using the Andrews chest 
support, oi moie lecently, the Lewy 1 ' holdei, is performed 
with the patient m the supine position, placing a folded 
blanket under his shoulders Dnect laryngoscopy allows 
closei inspection of the lesion, and permits trimming of small, 
loose faigments of mucosa with a small angulated cupped 
forceps 

Multiple and diffuse lesions aie lemoved except vlien the 
antenoi thud of both coids aie involved, (see Figs 2, 3, 4) , 
then, the moie seveiely involved side only is opeiated upon 
The polypoid cord on the othei side is compiessed oi pinched 
with-the double cupped forceps m two oi tin ee areas to i educe 
the edema This may be a form of supeificial seanfication 
(see Fig 5) It was noted that m a numbei of patients a sub¬ 
sequent proceduie on the second coid v as obviated by this 
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thesia, 01 by suspension' 10 laiyngoscopy undei geneial anes¬ 
thesia Raiely, an external appioach with tiacheotomy may 
be necessaiy for lemoval of a laige giowth 10 The suigical 
tieatment m the senes of cases analyzed was by mdnect 
laiyngoscopy, direct laryngoscopy, and most fiequently by 
a combination of the two, undei local (topical) anesthesia 
The opeiation is simple, oideily, and lelatively easy on the 
patient Foi a successful pioceduie it is necessaiy to secure 
the cooperation of the patient, and to obtain good anesthesia 


I 



Diffuse Polypoid 
D Laryngitis 
SSI -1927 


n 



Left Polypoid Mass re¬ 
moved 

Right side compressed 


Fig 6 Diffuse PoUpold Lar> ngltls Bilateral 
lesions are similar to the one shoun In Fig 4 
surgical treatment (Direct laryngoscopic 4 lens) 


T n '^n 3t ?T 0g 'i caI1 ' ^eae 
I ana IX—Steps in the 


Since the lesions undei discussion occur most fiequently m 
adults, this can usually be accomplished • ' - • J-‘ 

Premedication consists of seconal 01 nembutal, giams ^ to 
giams U, taken at bedtime the night before sui ge i y and 
repeated one houi pie-operatively Moiphme sulfate, grams 
1/8 to giams 1/6, and scopalomme, giams 1/300 to giam s 
1/200, aie given hypeidermically one-half houi Pre-opei a tiv e , 

iy 

The mouth, oiopharynx and hypophaiynx aie spiayed with 
2 pel cent pontocame solution two oi tluee times at about 
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to iemove fuithcr tissue In one instance theie \ias a le- 
cunence of a lesion on the same cold tlnee veais latei The 
second lesion, howevei, occuned at the junction of tlie middle 
and postenoi tlmds, wheieas the ongmal was at the junction 
of the antenoi and middle thuds The lesions also vaned 
somewhat, the fust being a polyp and the second a cjst In 
nine patients with bilateial diffuse polypoid degeneration of 
both coids, onlv thiee lequned opeiation on the second side 
aftei use of the compiession (scanfication) technique In 
one, with only slight diffuse involvement of the second cord, 
the compiession technique was not necessary, and this patient 
also made a good lecoveiy 

SUMMARY AND CONCLUSIONS 

1 The paiticulai stiuctuie of the subepithelial space of 
Reirtke piedisposes to the foimation of laryngeal polyps on 
the vocal coids 

2 In the senes piesented, as m othei senes, the most com¬ 
mon benign tumois aie inflammatory, and of these the local¬ 
ized polyps aie the most fiequent 

3 Tieatment is divided into thiee phases the medical oi 
“expectant”, the suigical, wheiem undei local (topical) 
anesthesia, combined mdnect oi dnect laryngoscopy is pei- 
foimed in all cases, the post-suigical, with lemoval of the 
initial piedisposmg factois and loice conection theiapi if 
lequired 

U In diffuse polypoid involvement of both coids, the largei 
lesion is lemoved The smallei lesion is compressed (supei- 
ficiallv scarified) in two or thiee aieas with a double cupped 
foiceps This fiequentlv obnates the need foi suigery on 
the second cold 

5 In general, the piognosis m these lesions is good Re¬ 
cun ences aie uncommon 
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technique *Tschiassny 18 states that scanfication is an old 
tieatment and attubutes the idea to Hajek Waldapfel 1 le- 
ported the use of “simple, supeificial scanfication of flabby 
tissue” m such a case, with complete lesolution of the lesion 
without visible scai formation 


The thud phase is post-surgica l This con sists of complet e 
vocal lest foi a penod of 10 to 1 4 days, followed by a regime 
oT~spaimg The voi ce foi a period of several weeks~and by 
voice col lection theiapy, if indicated This phase also in¬ 
cludes the lemoval of the faetois which piedisposed to the 
lesion initially At the conclusion of the third phase the 
colds appeal to be well healed and the voice returns to noimal 
Recunences aie uncommon 


The case histones reviewed foi this papei aie of patients 
ovei 20 yeais of age who failed to lespond to the medical oi 
“expectant” treatment descnbed m phase one and, therefoie, 
lequired suigical intervention This gioup consisted of 62 
adult pnvate patients opeiated upon foi benign laiyngeal 
tumois dunng the past ten yeais It is inteiestmg to note 
that even m this small senes theie was a general distnbution 
of lesions compaiable to the vastly laigei senes reported bv 
New and Ench,' and by Hohnger 12 Polypoid tumois pre¬ 
dominated m the small gioup, as they did m the largei senes 
Thnty-five of the lesions weie polypoid tumors, of which 
26 weie localized polyps and nine showed diffuse polypoid 
degeneiation of both coids Six weie papillaiy tumois, six 
weie multiple papiUomata, theie weie three angiomas, one 
hemangioma, two gianulomas, three amyloid tumois, one 
leukoplakia, two cysts, two thiombosed vances and one vocal 
nodule In six instances othei than the papillomata there weie 
multiple localized lesions, sometimes of different types 


In spite of the variation of diagnoses of these benign tumois 
and of then neoplastic and non-neoplastic chaiacter, the tieat¬ 
ment of this entile senes was essentially the same Following 
suigery the coids healed well and appeared normal, and the 
voice returned to noimal within a penod of seveial weeks 
In only two cases was it necessaiy to go back a second time 


suggests that diffuse lesions he luu>v.n h> the descrlptOe term 
• S u?eplthfnal chronic edematous cordltls 



SUBCOMMITTEE ON HEARING IN CHILDREN 


The Amencan Academy of Ophthalmology and Otolaryn¬ 
gology, through its Subcommittee on Healing in Children of 
the Committee on Conservation of Hearing, has been conduct¬ 
ing a long-term nationwide study of pioblems relating to the 
conservation of healing in childien The specific aims aie to 
develop the most efficient case-finding methods and to use 
these methods m estimating the magnitude of the pioblem m 
the country, to study state laws and remew current practices 
and facilities foi rehabilitation of hearing impaired children, 
to help develop methods foi medical and surgical rehabilita¬ 
tion standaids, and ultimately to use the Subcommittee find¬ 
ings in assisting piofessional woikeis to impiove and enhance 
progiams in hearing loss 

In the second yeai of operations, a full-time Executive 
Director has been engaged, and offices established at the 
Graduate School of Public Health, Umveisity of Pittsburgh 
An initial study is being conducted m Pittsbuigh to identify 
early medical signs and symptoms which may indicate danger 
of hearing impairment, to measure the psychological, social 
and othei effects of such impairment and to develop efficient 
and economical methods foi the testing of hearing in children 
The Pittsbuigh study is a cooperative effort among the fol¬ 
lowing The Subcommittee on Hearing m Children, the 
Giaduate School of Public Health and the School of Medicine 
of the University of Pittsburgh, the Pittsbuigh Boaid of 
Public Education, and the Allegheny Count?' Department of 
Health. 

The members of the Subcommittee on Heaung m Children 
are Di John E Boidley, Baltimore, Di Victor Goodhill, 
Los Angeles, Dr Hollie E McHugh, Montreal, Dr S Rich¬ 
ard Silverman, St Louis, and Dr Raymond E Jordan, 
(Chairman) Pittsburgh An advisory committee of consult¬ 
ants from the University of Pittsburgh includes Dr Samuel M 
Wislnk, Dr Leo G Doerflei, and Di Isidore Altman Grants 
from the United States Children’s Bureau through the Penn¬ 
sylvania Department of Health and from the National In¬ 
stitutes of Health are providing financial support 
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Node Trans Amer Acad Otol and Ophthal, pp 323 332, May June, 1944 

3 Fmedberg, Stanton A, and Segall, Walter H The Pathologic 
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402, 1935 
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p 173, 1954 

15 Jackson, C, and Jackson, C L “Diseases and Injuries of the 
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17 Lewt, R B A Gear Power Detachable Laryngoscope Holder and 
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19 Coates, G M , Schenck, H P, and Miller, M V “Otolaryngology," 
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DIRECTORY OF OTOLARYNGOLOGIC SOCIETIES 

(Secretaries of the various societies are requested to keep this 
Information up to date) 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr Erling W Hansen, 90 So Ninth SL, Minneapolis, Minn 
Executive Secretary Dr William L Benedict Mayo Clinic, Rochester, 
Minn 

Meeting Palmer House, Chicago Ill 


AMERICAN BOARD OF OTOLARYNGOLOGY 
Meeting Palmer House Chicago Ill 


AMERICAN BRONCHO ESOPHAGOLOGICAL ASSOCIATION 

President Dr Walter Hoover, 605 Commonwealth Bldg Boston, Mass 
“Vice-President Dr Walter P Work, 384 Post SL San Francisco, Calif 
Secretary Dr F Johnson Putney 1719 Rittenhouse Square Philadel 
phla, Pa. 

Treasurer Dr Verling K. Hart, 106 W 7th SL, Charlotte, N C 


AMERICAN LARYNGOLOGICAL ASSOCIATION 

President Dr Harry P Schenk 326 S 19th SL, Philadelphia 3, Pa 
Secretary Dr James H. Maxwell, University Hospital Ann Arbor Mich 


AMERICAN LARYNGOLOGICAL, RH1 NOLOGICAL AND OTOLOGICAL 

SOCIETY, INC 

President Dr Gordon Hoople 1100 E Genesee SL Svracuse 10 N Y 
President Elect Dr Theo E Walsh 640 So Kingshighway SL Louis 
10 Mo 

Secretary Dr C Stewart Nash 700 Medical Arts Bldg Rochester 7, 
N Y 

Place The Homstead Hot Springs, Va^ March, 1959 


AMERICAN MEDICAL ASSOCIATION, 

SECTION ON LARYNGOLOGY, OTOLOGY AND RH1NOLOGY 

Chairman Dr Gordon D Hoople Syracuse N Y 
Vice-Chairman Dr K e nneth L. Craft, Indianapolis Ind. 

Secretary Dr Hugh A. Kuhn Hammond Ind 

Representative to Scientific Exhibit Walter Heck, M.D San Francisco 
Calif. 

Section Delegate Gordon Harkness M.D Davenport, Iowa 
Alternate Delegate Dean Llerle MJ> Iowa City, Iowa. 
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PROGRAM OF THE SEVENTH INTERNATIONAL 
CONGRESS OF BRONCHOESOPHAGOLOGY 

Meeting Place—Kyoto Univeisity, Kyoto, Japan 

Fuday, Septembei 12th, 1958 

8 00 PM-10 00 PM—Reception (Party) Shimomuia 
House m Kyoto 

Satuiday, Septembei 13th 

8 00 AM—Inauguial Session (m Kyoto Univeisity Hall) 

9 00 A M -12 00 M—Fust Scientific Session 

12 00 M-2 00 PM —Luncheon (Reception The Place not 
decided) 

2 00 P M -6 00 P M —Sightseeing in Kyoto 
8 00 P M —Banquet, Miyako Hotel 

Sunday, Septembei 14th 
8 00 A M -11 30 AM — Second Scientific Session 

11 30 AM-12 00 M—Closing Ceiemony 

12 00 M—Depaituie foi sightseeing m Naia 

1 00 PM—Luncheon, Naia Hotel 

2 00 PM-6 00 PM—Sightseeing m Naia 
7 00 PM—Return to Kyoto 
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ASOCIACION DE OTO-RINO-LARINGOLOGiA DE BARCELONA, SPAIN 

Presidente Dr J Abello 
Vice-Presidente Dr Luis Sane Medan. 

Secretario Dr Jorge Perelld 319 Provenza, Barcelona. 

Vice-Secretario Dr A. PlnarL 
Vocal Dr J M Ferrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch, 1039 No Calvert SL, Baltimore, Maryland. 
Secretary-Treasurer Dr Theodore A. Schwartz. 


BUENOS AIRES CLUB OTOLARINGOLOGICO 

Presidente Dr K. Segre 
Ylce-Presldente Dr A. P Belon. 

Secretario Dr S A. Aranz. 

Pro-Secretario Dr J hi- Tato 
Tesorero Dr F Games 
Pro-Tesorero Dr J A Bello 

CANADIAN OTOLARYNGOLOGICAL SOCIETY 
SOCIETE CANADIENNE D’OTOLARYNGOLOGIE 

President Dr Robert T Hayes, 42 Cobourg SL SL John N B 
Secretarv Dr Donald M McRae, 324 Spring Garden Rd., Hallfar N S 

CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G a Otrfch Belleville, m. 

President-Elect Dr Phil R. McGrath Peoria. III. 

Secretary-Treasurer Dr Alfred G Schultz, Jacksonville, III. 


CHICAGO LARYNGOLOGICAL AND OTOLOGICAL SOCIETY 

President Dr Stanton A- Friedberg 122 So Michigan Are., Chicago 3 
Ill. 

Vice-President Dr Maurice Sni tm a n . 40S So 5th Ave., Maywood Ill. 
Secretarv-Treasurer Dr Fletcher Austin 700 No Michigan Are., Chi¬ 
cago 11 HI. 

Meeting First Mondav of each Month, October through May 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Grunwald S 
Vice-President Dr Agustin Estartus 
Secretarv Dr Marcos Chaimovich S 
Treasurer Dr Benjamin Kapkan K. 

Director Dr Alberto Basterrica A. 

DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Ludwig A Michael 3707 Gaston Ave. Dallas Tex. 
Vice-President Dr Hal W MaxwelL 

Secretarr Treasurer Dr Edward A Newell 1511 No Becklev Dallas 8 
Tex. 
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AMERICAN OTOLOGICAL SOCIETY, INC 

President Dr Moses Lurie, Boston, Mass 
President Elect Dr R, C Martin 

Secretary Dr Lawrence R Boies, University Hospitals, Minneapolis 14, 
Minn 

Place The Homestead, Hot Springs, Va., 1959 

AMERICAN OTORHINOLOG1C SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCTIVE SURGERY 

President Dr Joseph Gilbert, 111 E 61st St, New York, N Y 
Vice President Dr Kenneth Hinderer, 402 Medical Arts Bldg, Pitts 
burgh. Pa 

Secretary Dr Louis Joel Pelt, 66 Park Are, New York 16, N Y 
Treasurer Dr Arnold L Caron, 36 Pleasant St, Worchester, Mass 


AMERICAN RHINOLOGIC SOCIETY 

President Dr Russell L Williams, 408 Hynds Bldg, Cheyenne, Wyo 
Secretary Dr Robert M Hansen, 1735 No Wheeler Ave , Portland, Ore 
Annual Clinical Session Illinois Masonic Hospital, Chicago, Ill, October, 
1968 

Annual Meeting October, 1958, Chicago, Ill (Definite time and place to 
be announced later) 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Trent W Smith, 327 East State SL, Columbus 15, Ohio 
Secretary Dr Samuel M Bloom, 123 East 83 SL, New York 28, N Y 
Meeting New York, July 16, 1958, December 3, 1958, place to be an 
nounced 


AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampsey, Grant Bldg , Pittsburgh 19, Pa 
Secretary Treasurer Dr Daniel S DeStio, 121 S Highland Ave, Pitts 
burgh 6, Pa. 

Annual Meeting Palmer House, Chicago, Ill, October 16 17, 1958 


ASSOCIACAO MED1CA DO INSTITUTO PENIDO BURNIER— 

CAMPINAS 


President Dr Lech Junior 
First Secretary Dr Franco do Amaral 
Second Secretary Dr J M Queiroz Abreu 
Librarian Treasurer Dr Souza Queiroz 

Editors for the Archives of the Society Dr Guedes de Melo Fllho, Dr 
Antonio de Almeida and Dr Gabriel P6rto 
Meetings Twice every month, first and third Thursday, 8 30 P Af 

ASOCIACION DE OTORRINOLARINGOLOG1A 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 

Presidente Dr Julio Quevedo, 15 Calls Oriente No 5 

First Vice-Presidente Dr HSctor Cruz, 3a Avenida Sur No 72 

Second Vice-Presidente Dr JosS Luis Escamilla 5a Calle Ponlente 

Secretario-Tesorero Dr Horace Polanco, 13 Calle Ponlente No 9 D 
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LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Mai E Pohlman 

Secretarv Treasurer Dr Wendell G Irvine 

Chairman of Ophthalmology Section Dr Carroll A. McCo\ 

Secretarv of Ophthalmology Section Dr Philip D Shanedling 
Chairman of Otolarvngologv Section Dr Robert W Godwin 
Secretary of Otolarvngologv Section Dr Francis O X Morris 
Place Los Angeles Countv Medical Association Bldg 1925 Wilshire 
Blvd , Los Angeles Calif 

Time 6 30 PAX last Mondav of each month from September to June 
inclusive—Otolaryngology Section G 30 first Thursday of each month 
from September to June inclusive—Ophthalmology Section. 


LOUISIANA MISSISSIPPI OPHTHALMOLOGICAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr Fred D Hollowell Lamar Life Bldg Jackson, M iss 
Secretarv Dr Edlev H Jones 1301 Washington SL Vicksburg Miss 
Meeting Edgewater Gulf Hotel Edgeyvater Park Miss Mav 15 16 1959 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary-Treasurer Dr Roland H Myers 1720 Exchange Bldg Mem 
phis, Tenn. 

Assistant Secretary-Treasurer Dr William F Murr&h, Jr, Exchange 
Bldg Memphis, Tenn 

Meeting Second Tuesday in each month at S 00 pan at Memphis Eye, 
Nose and Throat Hospital. 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoide Mexico, D F 
Vice-President Dr M. Gonzales TJlloa, Mexico D F 
Secretary Dr Juan De Dios Peza, Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Princeton Mo 

Secretary Treasurer Dr Harold Swanberg Quincy, Ill 

Assistant Secretary-Treasurer Dr Jacob E Reisch, Springfield Ill 

NETHERLANDS SOCIETY OF OTORHINOLARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundlge Vereeniglnp ) 

President Dr H. Navis Sonsbeekweg 6 Arnhem. 

Secretary Dr W H. Struben J J Viottastraat 1 Amsterdam. 
Treasurer Mrs F Velleman Pinto Jac Obrechtstr 66 Amsterdam 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele Kinston Clinic Kinston N 
Vice-President Dr George E Bradord Winston-Salem N C 
Secretary Treasurer Dr J D Stratton, 1012 Kings Drive Charlotte 7 
N C 
VIeeting 
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FEDERACION ARGENTINA, 

DE SOCIEDADES DE OTORRINOLARINGOLOGIA 

Secretary of the Interior Prof Dr Atllio Viale del Carril 
Secretary of Exterior Dr Aldo G Remorino 
Secretary Treasury Prof Dr Antonio Carraflcosa 
Pro Secretary of the Interior Prof Dr Carlos P Mercandlno 
Pro-Secretary of the Exterior Prof Dr Jaime A. del Sel 
Pro Secretary of the Treasury Dr Jorge Zublzarreta 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M Noubleau, San Salavador 
Secretary Treasurer Dr Hector R, Silva, Calle Arce No 84, San Salva 
dor, El Salvador, Central America. 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Chas C Grace, 145 King St, SL Augustine, Fla 
President Elect Dr Jos W Taylor, 706 Franklin SL, Tampa, Fla 
Secretary Treasurer Dr Carl S McLemore, 1217 Kuhl Ave , Orlando, Fla 


FOURTH LATIN AMERICAN CONGRESS OF 
OTORINOLARINGOLOGIA 

President Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr William B Steinman 
President-Elect Dr James H Mendel, Jr 
Secretary Treasurer Dr H Carlton Howard 

Meeting quarterly (March, May, October and December), on the second 
Thursday of the month, 6 30 PM at Urmey Hotel, Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 
President Dr Jo Ono, Tokyo, Japan 

Secretary Dr Chevalier L Jackson, 3401 N Broad St, Phlladephla 40 
Pa., U S A 

Meeting Seventh International Congress of Bronchoesophagology 
Kyoto, Japan, September, 1958 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H Steele 
President-Elect Dr Dick H. Underwood 

Secretary Dr James T Robison, 4620 J C Nichols Parkway, Kansas 

Meeting ° Third Thursday of November January, February and April 
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RESEARCH STUDY CLUB OF LOS ANGELES, INC 

Chairman Dr Orrie E Ghrist, 210 N Central Ave Glendale Calif 
Treasurer Dr Norman Jesberg, 500 So Lucas Ave , Los Angeles 17 Calif 
Otolaryngology Dr Russell M. Decker, 65 N Madison Ave , Pasadena 
1 Calif. 

Ophthalmology Dr Warren A Wilson, 1930 Wllshtre Blvd., Los An 
geles 57, Calif. 

Mid-Winter Clinical Convention annually, the last two weeks In January 
at Los Angeles Calif 


SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA. 

Chairman Dr J L. Levine. 

Vice-Chairman Dr RHssell Page. 

Secretary Dr James J McFarland. 

Treasurer Dr Edward M. O’Brien. 

Meetings are held the second Tuesday of September November January 
March and May, at 6 30 PAL 
Place Army and Navy Club Washington D C 


SCOTTISH OTOLARYNGOLOGICAL SOCIETY 

President E. A. M. Connal 1 Royal CrescenL Glasgow C 3 Scotland. 
Secretary-Treasurer Dr J P Birrell 14 Moray Place Edinburgh 
Assistant Secretary Dr R D Brown Kelly 11 Sandyford Place, Glas 
gow 


SOCIEDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLARINGOLOGIA (BOGOTA, COLUMBIA) 

Presldente Dr Alfonso Tribin P 
Secretario Dr Felix E Lozano 
Tesorero Dr Mario Arenas A 


SOCIEDAD CUBANA DE OTO LARINGOLOGIA. 

President Dr Reinaldo de Villlers 
Vice-President Dr Jorge de CArdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA. 

Presldente Dr Frank Canosa Lorenzo 
Vice-Presldente Dr Julio Sanguily 
Secretario Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 

SOCIEDAD DE OTORRINOLARINGOLOGIA Y 
BRONCOESOFAGOSCOPIA DE CORDOBA 

Presldente Dr Aldo Remorino 
Vice-Presldente Dr Luis E. Olsen 
Secretario Dr Eugenio Romero Diaz 
Tesorero Dr Juan Manuel Pradales 

Vocales Dr Osvaldo SuSrez Dr Nondier Asls R.. Dr Jorge Bergallo 
Yofre 
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NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 

President Mr G L. Thompson, 16 RamBhlll Road, Scarborough, York¬ 
shire 

Vice-President Mr J H Otty, Frizley Old Hall, Prizinghall Road, 
Bradford, Yorkshire 

Secretary and Treasurer Mr R Thomas, 27 High Petergate, York, 
Yorkshire 


OTOSCLEROSIS STUDY GROUP 

President Dr L R Boles, University Hospital, Minneapolis, Minn 
Secretary Treasurer Dr Arthur L. Juers, 611 Brown Bldg, Louisville, 
Ky 

Meeting Palmer House, Chicago, Ill 

PACIFIC COAST OTO-OPHTHALMOLOGICAL SOCIETY 

President H Leroy Goss, M D , 620 Cobb Bldg, Seattle 1, Washington 
Secretary-Treasurer Homer E Smith, M D, 508 East South Temple, 
Salt Lake City, Utah. 

Meeting 

PAN AMERICAN ASSOCIATION OF OTO RHINO-LARYNGOLOGY 
AND BRONCHO ESOPHAGOLOGY 
President Dr Jose Gros, Havana, Cuba 

Executive Secretary Dr Chevalier L Jackson, 3401 N Broad St„ Phila 
delphia 40, Pa., U S A. 

Meeting Sixth Pan American Congress of Oto-Rhlno-Laryngology and 
Broncho-Esophagology 
Time and Place Brazil, 1968 


PHILADELPHIA LARYNGOLOGICAL SOCIETY 

President Dr Chevalier L. Jackson 

Vice-President Dr John J O'Keefe 
Treasurer Dr Joseph P Atkins 

Secretary Dr Louis B Silcox 

Historian Dr Herman B Cohen 

Executive Committee Dr Harry P Scbenck, Dr , Benjamin H Shuster, 
Dr William A. Lell, Dr , William J Hitschier 


PITTSBURGH OTOLOGICAL SOCIETY 

President Dr Bernard L, Silverblatt, 3500 Fifth Avenue, Pittsburgh, Pa 
Vice-President Dr Emory A. Rittenhouse, 203 Masonic Bldg, McKees 
port, Pa 

Secretary Treasurer Dr John T Dickinson Mercy Hospital, Pittsburgh 
19, Pa 


PORTUGUESE OTORHINOLARYNGOLICAL SOCIETY 
President Dr Albert Luis de Mendonca 

Secretary Dr Antonio da Costa Quinta, Avenida, de Liberdale 65, 1° 
Lisbon 


PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


President Dt Clifton E Benson, Bremerton Wash. 

President Elect Dr Carl D F Jensen, Seattle, Wash 
Secretary Ur Willard F Goff, 1215 Fourth Ave, Seattle, Wash 
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S0C1EDAD PANAMENA DE OTORRINOLARINGOLOGIA 

Presidente Dr Manuel Preclado 

First Vice Presidente Dr Alonso Roy 

Second Vice-Presidente Dr Carlos Arango Carbone 

Secretario Dr Marla Esther Villalaz 

Tesorero Dr Ram&n Crespo 

SOCIEDADE PORTUGUESA DE OTORRINOLARINGOLOGIA 

E DE 

BRONCO ESOFAGOLOGIA 

Presidente Dr Alberto Luis De Mendonca. 

Vice-Presidente Dr Jaime de Magalhaes 
l.° Secretario Dr Antonio da Costa Quinta. 

2 • Secretario Dr Albano Coelho 

Tesonreiro Dr Jose Antonio de Campos Henriques 

Vogais Dr Teofilo Esquivel. 

Dr Antonio Cancels de Amorim 
Sede Avenlda da Liberdade, 65, 1*, Lisboa. 

SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President CapL 'William C Livingood U S N (M C ) 

Secretary Treasurer LL Col Sanley H Bear M.C 3810th USAF Hos¬ 
pital Maxwell AFB Alabama 
Meeting Palmer House Chicago HI 

SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette, Orangeburg, S C 
Vice-President Dr Robert P Jeanes Easley S C 
Secretary Treasurer Dr Roderick Macdonald 333 East Main SL Rock 
Hill S Car 
Meeting 


SOUTHERN MEDICAL ASSOCIATION, 

SECTION ON OPHTHALMOLOGY AND OTOLARYNGOLOGY 

Chairman Dr V Eugene Holcombe Charleston W Va. 

Chairman Elect Dr G Slaughter Fitz-Hugh Charlottesville Va 
Vice-Chairman Dr George M Haik, New Orleans La 
Secretary Dr Mercer G Lynch New Orleans La 

VIRGINIA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Benjamin Sheppard 301 Medical Arts Building, Rich 
mond Virginia 

President Elect Dr Emanuel U Wallerstein Professional Building 

Richmond Virginia. 

Vice-President Dr Calvin T Burton, Medical Arts Building Roanoke 
Virginia 

Secretary-Treasurer Dr Maynard P Smith 600 Professional Building, 
Richmond Virginia. 

Meeting 


WEST VIRGINIA ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James K. Stewart Wheeling W Va. 
Secretary-Treasurer Dr Frederick C Reel Charleston W Va. 
Annual Meeting 
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SOCIEDAD DE OTO-RINO-LARINGOLOGIA, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Salvador Mixco Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M 


SOCIEDAD ESPANOLA DE OTORRINOLARINGOLOGIA 

Piesidente Dr D Adolfo Hlnojar Pons 
Vlce-Presidente Dr D Jose Perez Mateos 
Secretario General Dr D Francisco Marafids 
Tesorero Dr D .Ernesto Alonso Ferrer 


SOCIEDAD MEXIC ANA DE OTORRINOLARINGOLOGIA 
Havre 7—Desp 62 
Mexico 6, D F 

Honorary President Dr Ricardo lapia y Femfindez 
President Dr M&ximo Garcia Uastaieda 
Secretary Dr hlduardo de la Parra 
Treasurer Di Guillermo Pdrez Viilasante 
Vocal Dr Ratael Pacchiano 


SOCIEDAD NACIONAL DE CIRUGIA OF CUBA 

Presidente Dr Keinaldo de Villers 
Vice-Presldente Dr Ldsar Cabrera Calderln 
becretario Dr Josd Xirau 
lesorero Dr Alfredo M Petit. 

Vocal Dr Jose GroBs 

Vocal Dr Pedro Herndndez Gonzalo 


SOCIEDAD OTO RINO LARINGOLOGIA DE LOS 
HOSPITALES DE MADRID 

Presidente Dr Don Fernando Beltrdn Castillo 
Secretario General Dr Don Alfonso Vassallo de Mumbert 
Tesorero Dr Don Rafael Garcia Tapia 


SOCIEDAD VENEZOLANA DE OTORRINOLARINGOLOGIA 

Presidente Dr Alfredo Celle Pdrez 
Vlce-Presidente Dr Bustamante Miranda 
Secretario General Dr Jesus Miralles 
Tesorero Dr M Matheus 

Vocales Dr Perez Velasquez and Dr Wilmer Palacios 

SOCIEDADE DE OFTALMOLOGIA E OTORRINOLARINGOLOGIA DO 
RIO GRANDE DO SUL 

President Dr Paulo Fernando Esteves 
Vice-President Dr Jayme Schilling 
First Secretary Dr Carlos Buede. 

Second Secretary Dr Moizds Sabani 
First Treasurer Dr Israel Scherman 
Second Treasurer Dr Rivaddvia C Meyer 
Librarian Dr Carlos M Carrion 
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THE INSTITUTIONS OFFERING EIGHT-NINE MONTHS’ 
COURSE IN BASIC SCIENCE IN OTOLARYNGOLOGY 

LEADING TO 
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THE MOTOR ACTIVITY OF THE CRICOPHARYNGEUS 

MUSCLE *t$** 

John A Kirchner, M D , 

New Haven, Conn 

Of the many muscles involved m the complex act of swal¬ 
lowing, none has equaled the cucophaiyngeus m stimulating 
the cunosity of the mvestigatoi, the intei est of the clinician 
and the lespect of the esophagoscopist 

Fust mentioned as a distinct anatomical entity by Valsalva 1 
m 1717, the cucophaiyngeus was lecognized by succeeding 
anatomists, 13 4 who usually included it with the mfenoi con- 
stuctoi muscle, as its lowei-most oi cncophaiyngeal portion 
Its sphinctei-like action was lecognized m 1823 by Home 5 and 
latei discussed by Mikulicz, 0 1881, Killian,' 1908, and Jack- 
son 5 m 1914 Its i elation to the mouth of the esophagus was 
caiefully studied by Elze 9 m 1929, and moie lecently by 
Lei che 10 

Its physiological identity has been furthei demonstiated by 
studies m compaiative 11 and gloss anatomy, 13 by loentgeno- 
giaphic demonstiation of sphincter action, 1514 and by the lelief 
of post-poliomyelitic dysphagia following suigical section of 
the cncophaiyngeus muscle 15 

Spasm of the cncophaiyngeus muscle and its pioduction by 

•Presented as Candidates Thesis to American Lars ngological Rhinolod- 
cal and Otologlcal Socletv 1957 b 

tFroni the Otolaryngology Section Department of Surgerj Tale Unher- 
sitj school of -Medicine 
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autonomic imbalance is fiequently mentioned by clinical 
authois as a cause of dysphagia, but without much expen- 
mental evidence to support it One of the few basic investiga¬ 
tions of this pioblem was lepoited by Sjobeig in 1939, 1,1 in¬ 
volving fluoioscopic studies of the banum-filled esophagus m 
cats aftei vanous combinations of cianial neive sections in 
the neck Aftei bilateial vagotomy, autopsy showed a nai- 
lowed condition m both the uppei and lowei ends of the 
esophagus, attnbuted by Sjobeig to spastic contiactions dui- 
mg life Admmistiation of eigotamme tartiate to vagotom- 
ized cats to combat sympathetic activity pioduced lelaxation 
at both the cncophaiyngeal and caidiac ends of the esophagus 
The parasympathetic action was then simulated m these 
animals by injection of acetyl-choline, wheieupon the cnco- 
phaiyngeus lelaxed and penstaltic waves weie seen passing 
down the esophagus Sjoberg’s conclusion fiom these findings 
was that the esophageal ostia aie caused to conti act by the 
adieneigic sympathetic fibeis, while the chohneigic vagus 
fibeis bung about lelaxation 

Furthei support foi this intei pi eta tion was furnished by 
Rogeis, 1 " who lepoited lehef of seveie dysphagia m a woman 
with a spastic cucophaiyngeus muscle on whom he peifoimed 
bilateial extnpation of the supenoi ceivical sympathetic 
ganglia One must admne his couiage as well as his suigical 
lesult, foi his opeiation had veiy little expenmental oi clini¬ 
cal evidence to lecommend it Even today a sympathetic 
supply to the cucophaiyngeus is flatly denied by Holhnshead,’ 8 
who states that “the cncophai yngeus muscle, being a volun- 
taiy one, is not mneivated by the sympathetic system, and 
theie seems to be no leady explanation as to why a cervical 
sympathectomy should lelieve spasm of this muscle, as it was 
lepoited to do by Rogeis ” 

Although the main vagal blanches to the cucophaiyngeus 
have been identified,’" and a sympathetic as well as a paia- 
sympathetic component is geneially agieed to exist, theie is 
no definite mention m modem hteiatuie as to what type of 
activity (contiaction oi lelaxation) is mediated by the vagus 
oi sympathetic blanches to the cucophaiyngeus=” Noi is 
it even certain that a specific type of activity is mediated 
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exclusively by one 01 the other autonomic division as shown 
by studies on the caidiac end of the esophagus Carlson, fox 
example, showed that the vagus caines both motoi and in¬ 
hibitory fibers to the caidia, and that the splanchnics (sym¬ 
pathetic) also cany both motoi and inhibitory fibeis to this 
aiea, the action depending on the state of conti action of the 
caidia at the time of stimulation 23 

The puipose of my piesent study, theiefoie, is to demon¬ 
strate, m each case, the effect of stimulation 01 mtenuption 
of the cei vical sympathetic 01 pai asympathetic tiunks on the 
motor activity of the cncopharyngeus muscle 

Such experimental conditions simulate the autonomic im¬ 
balance said to exist m certain cases of spastic dysphagia 
The lesultmg mciease 01 deciease m tonus can then be 
demonstiated by means of a pi essure-sensitive lecoidmg de¬ 
vice placed m the hypopharynx at the cncopharyngeus level 

Pharyngeal piessuies during deglutition have been studied 
and recoided by mvestigatois since the late Nineteenth Cen¬ 
tury In 1880 Falk and Kioneckei measuied the pharyngeal 
piessuie geneiated dunng deglutition m themselves and m 
dogs They obseived the "squirting” action on liquids and 
semi-solids exerted by the muscles of the mouth and the 
pharynx by the use of a "T” tube 24 Ki oneckei and Meltzei 
in 1883 leported then obseivations of the swallowing mechan¬ 
ism m dogs, using small balloons to lecord mtiaesophageal 
motility 25 Meltzei consideied the squirting action to be the 
lesult of piessuie exerted by the mylohioid muscles, because 
he was able to eliminate it by sectioning the mjlohvoid neives 
He leported that this opeiation made the first stage of swal¬ 
lowing impossible, so that the bolus had to be mtioduced by 
the opeiator into the dog's pharynx m ordei foi the animal to 
swallow 20 This same investigate, m 1907, added furthei 
evidence of the importance of the oial musculatuie m swal¬ 
lowing by cutting the middle and infenoi constiictois of the 
pharynx m the dog, in addition to lemoving the musculans 
of the cei vical esophagus A dog, piepaied m tins fashion, 
was still able to swallow noimallv and could dunk fiom a bowl 
of milk placed below the level of the head, thus eliminating 
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the effect of giavity 2 " Cannon and Mosei, m 1898, weie 
the fust to use fluoioscopy to study esophageal motility m 
animals These woikeis also noted the lapid squntmg action 
of fluids fiom the phaiynx to the level of the heait 26 

Although these expenments conti lbuted much to oui knowl¬ 
edge of the motoi activity of the pharyngeal and oial mus- 
culatuie, the giaphic lecoidmg of such motoi activity was 
inexact, and the piessuie leadings umehable - u It was not 
until 1943, with the development of an electionic device by 
Wetteiei, 30 that a piactical means of lecordmg intraluminal 
piessuies was made available Wetteiei descubed the pun- 
ciple of using a differential tiansfoimei to constiuct a mmia- 
tuie manometei, a system having excellent lecoidmg piopei- 
ties with a minimum of amplification The device was latei 
modified by Gauei and Gienapp 31 - 32 in 1950 to fit into the end 
of a No 8 Coumand cathetei foi the lecoidmg of mtia- 
cardiac and mtiavasculai piessuies This instrument was 
used by Fyke and Code m 1955 foi recoidmg piessuie changes 
m the phaiyngoesophageal legion dunng deglutition m nonnal 
human subjects 33 Then woik showed a definite piessure 
giadient beginning m the pharynx and tiavelmg down tluough 
the cncophaiyngeus area into the esophagus dunng the act 
of swallowing The high piessuie m the ciicopharyngeus 
legion lemamed unchanged throughout most of the act of 
swallowing, and diopped only momentanly when the piessuie 
wave leached this aiea 

The activity of the individual musculatuie involved m 
swallowing was later studied by Doty and Bosma by means 
of electiomyogiaphy These woikers took electiomyogiapluc 
lecoids fiom 22 muscles likely to paiticipate in deglutition 
Then woik substantiated that of Fyke and Code, showing a 
downwaid piogiessmg conti action wave and an inhibition of 
the mfenoi constuctoi during the entne couise of lead muscle 
activity 34 


PRESENT STUDY 

Aftei conti ols had been established m the noimal dog, the 
action of the ci icopharyngeus muscle was studied under the 
following conditions 



KIRCHNER CRICOPHARYNGEUS MUSCLE 


1123 


1 Unilateial vagus section above the ganglion nodosum 

2 Bilateral vagus section above the ganglion nodosum 

8 Faiadic stimulation of the vagus and cervical sym¬ 
pathetic trunks 

h Faiadic stimulation of the cncopliaryngeus muscle 

5 Surgical section of the ci icopharyngeus muscle 

The methods used m studying the motoi activity of the 
ci icopharyngeus weie the following 

1 Observation of the dog’s ability to swallow his usual food 

2 Endoscopic examination of the soft palate, pynform 
sinuses and cncopliaryngeus splunctei aiea with the dog 
undei light geneial anesthesia 

8 Fluoioscopic and l oentgenogi aphic studies of the liypo- 
pharynx with barium mixtuies 

U Pressure changes m the hypopharynx at the cncophaiyn- 
geus level dui mg deglutition, using an electronic piessuie- 
sensitive pick-up 

These methods aie standaid and seem self-explanatory ex¬ 
cept foi the last, which lequires further explanation 

In the beginning of this experiment v e were using a Gauer- 
type pressuie capsule attached to the pioximal end of a 2 mm 
polyethylene tube introduced through the mouth to the ci ico¬ 
pharyngeus level, and lecordmg the motoi activity of the 
cricopharyngeus by means of a Hathaway oscillograph This 
gave satisfactory and sensitive responses, as shown bv Fyke 
and Code, but seemed to have certain disadvantages First, 
if a fold of mucosa came to overlie the end opening (or side 
opening as was later tried) the pressuie determination was 
interfered with, theiefoie, the open end was enclosed m a 
small, partially inflated balloon This, howevei, was soon 
abandoned because of distortions pioduced m the balloon by 
the contracting cricopharyngeus muscle, with lesultant in¬ 
accuracies m the reproduction of mtialummal piessures 

My chief objection, howevei, to present techniques of re- 
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coidmg piessuies at the cncophaiyngeus level is that this 
area is pulled upwaid duung swallowing, so that a lecoidmg 
device mtioduced to the level of the cncophaiyngeus sphmctei 
at lest and kept at this level duimg swallowing is lecoidmg 
piessuie not m the cncophaiyngeus segment but m the uppei 
ceivical esophagus While theie is some evidence that a 
small polyethylene tube will nde up and down with the cnco- 
pharyngeus 35 dunng deglutition, theie seemed enough doubt 



Flgr 1 Pressure-Bensltl\ e electronic pick-up used In h'popharj n\ nt 
crlcopharj ngeus le'el 


on this point to have wan anted the constiuction of a piessuie- 
lecoidmg device which would lespond with equal sensitivity 
along a 3 01 4 cm distance If such a device weie of small 
diametei and of smooth suiface it could be mtioduced into 
the phaiyngo-esophageal junction behind the cneoid caitilage, 
allowing the cncoid and cncophaiyngeus to nde up and down 
ovei it, and lecoidmg the motoi activity of the cncophaiyn- 
geus whethei it was elevated oi at lest 

Foi the development of such a lecoidmg device I am in¬ 
debted to Di Albert Field, Jr , of the Caidiopulmonaiy section 
of the Department of Intel nal Medicine A pi essui e-sensitive 
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Fig- 2 Dog No 1—Normal AP \ lew after barium swallow The 
trachea de\ lates to right In supine position In this case but mai de\ late 
to left, ns seen In other examinations 
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coidmg piessuies at the cncophaiyngeus level is that this 
aiea is pulled upwaid dm mg swallowing, so that a lecoidmg 
device mtioduced to the level of the cncophaivngeus sphmctei 
at lest and kept at this level duimg swallowing is lecoidmg 
piessuie not m the cncophaivngeus segment but in the uppei 
ceivical esophagus While theie is some evidence that a 
small polyethylene tube will nde up and down with the cnco- 
phaiyngeus 35 dui mg deglutition, theie seemed enough doubt 



Fipr 1 Pressure-sensitive electronic pick-up used in h\pophnrvn\ at 
cricopharv ng’eus lev el 


on this point to have wananted the constiuction of a piessuie- 
lecoidmg device which would lespond with equal sensitivity 
along a 3 01 4 cm distance If such a device weie of small 
diametei and of smooth suiface it could be mtioduced into 
the phaiyngo-esophageal junction behind the cncoid caitilage, 
allowing the cncoid and cncophaivngeus to nde up and down 
ovei it, and lecoidmg the motoi activity of the cncophaivn- 
geus w'hethei it w r as elevated oi at lest 

Foi the development of such a lecoidmg device I am in¬ 
debted to Di Albert Field, Ji , of the Caidiopulmonai v section 
of the Depaitment of Intel nal Medicine A pi essui e-sensitive 
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FIk 2 Dor No 1—Normal \r a lew -liter hnrinm <mnllon Tin 
traihea ileaiatea to rlftht In supine position In this cast luit mm iletiat. 
to left as seen in other examinations 
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FlR 3 Dog No 1—Normal lateral \ lew after barium suallon A \erj 
small amount of barium remains in the \alJeculae 
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pick-up was constiucted, consisting of a vanable capacitance 
w hich measuies piessuie changes by means of vanations m a 
tuned cncuit, based on a punciple descubed by Buchtal and 
Waibuig m 1943 3r It is equally sensitive to piessuie at any 
point along the distance of 3 5 cm , and allows a peimanent 
lecoid to be made bv a dneet wilting electiocaidiogiaphic 
insti ument 

The equipment has been checked foi performance against a 
Sanborn piessuie capsule and found to be accuiate, sensitive 
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Figr 4 High-pressure area encountered at crlcopharvngeus as cable is 
rrithdr-inn from thoracic esophagus 


and busk in lesponse Calibiations and othei details aie 
descubed m a sepaiate leport 

Because of vanations in the base line undei diffeient opei- 
atmg conditions, calibiations foi exact piessures aie not 
leliable The calibiations aie included, neveitlieless, (nun 
Hg ) to indicate dnection of deflections with positive and 
negatne pressuie and to indicate appioximate piessuie 
langes Changes in piessuie are, of couise, readily demon¬ 
strated b\ the shape of the curves 

NORMAL DOG 

Deglutition Ate legulai diet without difficulty 

Endoscopic Examination The soft palate, pharynx, laiynx 
and tongue mo\e noimalh A definite annulai contraction 
w as seen behind the cncoid cartilage 
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FlK 3 Dog- No 1—Normal lateral \lew after barium swallow 
small amount of bnrlum remains In tbe ^lleculne 
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X-iay Fluoioscopy of a thin banum mixtuie showed lapid 
descent of the liquid fiom the mouth to the level of the heart 
with no tendency to collect m any of the phaiyngeal lecesses 
A noimal soft tissue pattern behind the cucoid cartilage was 
seen on the lateial views (see Figs 2, 3) 

Piessuie Studies Because of the fact that deep geneial 
anesthesia abolishes the swallowing leflex, light nembutal 



Fig: 5 Dissected specimen showing annular fold in h\popha^nx be¬ 
hind cricoid cartilage 


anesthesia was used Piessuie leadings weie made when the 
deglutition leflex could be stimulated by gently stiokmg the 
postenoi phaiyngeal wall 

The piessuie capsule was fust mtioduced into the thoiacic 
portion of the esophagus and the lecordmg base line adjusted 
on the lecoidei The capsule was then slowly pulled up fiom 
the esophagus into the mouth, dui mg which an aiea of high 
piessuie was encounteied m the ciicopharyngeal legion (see 
Fig 4) This was a constant finding, whethei the dog was 
m a pi one oi supine position This high piessuie aiea was 
found to be 19 5 cm fiom the uppei mcisoi teeth and cone- 


c 


D 


Fig 9 A--B -C—Pressure recordings from cricopharj ngeus level during 
act of swallowing D —Calibration (mm Hg ) 


nodosum, wheie it joins the supenoi cervical sympathetic 
ganglion The pharyngeal ramus of the vagus, which supplies 
parasympathetic innervation to the constuctor muscles leaves 
the vagus trunk cephalic to the ganglion nodosum at its point 
of emergence fiom the jugular foramen Whethei the sym¬ 
pathetic tiunk gives off separate rami to the pharyngeal 
plexus or to the pharyngeal musculature along its cervical 
course, as it does m man, I could not determine from the 
available literature (see Fig 10 for details) 
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sponded almost exactly to the aiea of annulai constuction 
seen on endoscopic examination (see Fig 5) The mid-pomt 
of the lecoidmg capsule was mtioduced to this level foi de¬ 
glutition patterns and othei studies m this dog (see Fig 6) 

The swallowing patterns shown heie lllustiate the chaiac- 
tenstic cuive obtained in all oui expenmental animals At 
the beginning of cucophaiyngeal activity a small use in 



Fig - 8 Dissected specimen shoeing- crlcophnrj ngeus portion (nrro%\) 
of inferior constrictor separated from th> ropharx ngeus pressure deter¬ 
minations were made at cricophn.r> ngeus le\ cl 


piessuie can be seen, piobably coiiespondmg to the advancing 
penstaltic wave Almost immediately the cucophaiyngeus 
undeigoes a maiked lelaxation, followed again by a conti ac¬ 
tion, which may use to oi above the ongmal base line level 
(see Fig 9) 


SECTION OF ONE VAGUS NERVE 

In the dog the vagus neive cames with it the sympathetic 
tiunk thioughout most of its ceivical coiuse The sympathetic 
joins the vagus opposite the mfenoi ceivical sympathetic 
ganglion and leaves it again just caudal to the ganglion 
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X-iay The banum mixtiue cleaied the pharvnx easily 
Theie was no lesidual banum in anv of the phaivngeal le- 
cesses noi weie theie any changes in the soft tissue patterns 
(see Figs 12, 13) 

Piessuie Stud es Swallotting patterns show much less le- 
laxation of the cncopharvngeus during swallowing, with a 
lnghei positive piessuie (see Figs 11, 15) 



FIgr 11 \ agrus ner\e (arrow) approaching: base of skull 


DISCUSSION 

It is intei estmg that tins dog had no dysphagia, although 
there was a cuitam movement of the phaiynx, deviation of 
the soft palate, and paialvsis of the light vocal cold This 
may be due to the fact that the fiee portion of the epiglottis 
of the dog lies aboi e the soft palate, allow mg the ingested food 
and liquids to pass down lateial to the laivnx and affoidmg 
added piotection to the laryngeal inlet dui mg the act of 
sw allowing The deci eased lelaxation of the ci icophai vngeus 
dunng deglutition following umlateial vagus section mav be 
due to an ovei-activity of the lemaimng sympathetic nerve 
supply I do not belieie it is due to a low r ei starting piessuie, 
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Fig 10 Diagram showing trunks of laryngeal and pharyngeal ner\es 
(from Lemere 1 ’ jf—Jugular foramen gn—Ganglion nodosum vs — 
Vago-sy mpathetlc trunk dp—descending phary ngeal lr sup 1—Internal 
ramus of superior laryngeal sup csg—superior cer\ leal sympathetic 
ganglion Ley el of vagotomy shoyvn by dotted line 


The light vagus neive was exposed by dividing the muscle 
which conesponds m the dog to the digastnc, then sectioned 
at its emeigence fiom the base of the skull m oidei to include 
the pharyngeal lamus (see Fig 11) 

Deglutition The dog continued to eat noimally duung the 
entile penod of obseivation of thiee weeks 

Endoscopic Examination The light vocal cold remained 
motionless in a paitially abducted 01 cadavenc position Tlieie 
was a curtain movement of the phaiynx to the left and a de¬ 
viation of the soft palate to the left 
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X-)ay The banum nnxtuie cleaied the pliau nx easily 
Theie was no lesidual banum m an\ of the phaiingeal le- 
cesses noi weie theie anv changes m tlie soft tissue patterns 
(see Figs 12, 13) 

P)cssu>c Stud es Swallowing patterns show much less le- 
laxation of the ci icophaiw ngeus dui mg sw allow mg, w ith a 
highei positne piessuie (see Figs 14, 15) 



Flp 11 1 turns n«.r\o (arrow) appronchinp base of skull 


DISCUSSION 

It is intei estmg that this dog had no dysphagia, although 
theie was a cuitain movement of the pliaunx, deviation of 
the soft palate, and paiahsis of the light \ocal cold This 
may be due to the fact that the fiee portion of the epiglottis 
of the dog lies aboi e the soft palate, allow mg the ingested food 
and liquids to pass down lateial to the larynx and affoidmg 
added piotection to the lanngeal inlet dui mg the act of 
swallowing The decieased lelaxation of the ciicophai\ngeus 
dui mg deglutition following unilateial vagus section mav be 
due to an ovei-actmtv of the lemammg sympathetic nerve 
supph I do not believe it is due to a lowei starting piessuie, 
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Plgr 12 Dop No 1—Two weeks post-\npotom} right Bnrjtim swnl 
low shows no essential change from unopernted condition 
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Fip 13 Dog- No 1—Two weeks post-\ agotomv right, 
change from unopernted condition 


No essential 
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FIs' 12 Dog- !\o 1—Two weeks post-'v agotomj right Barium swal 
low shows no essential change from unoperated condition 
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FI& 13 Dog- No 1—Two weeks post-Yagotom\ right 
change from unoperated condition 


\o essential 


RICOPHARYNGEUS MUSCLE 





i ' 

O 

u 

© 

A 

H 


taxation 1'huV ?» much"' Tell prominent t°han e b% I ^orp 1 °n’iol.?f?® diately after unilateral vasotomy C—Calibration 









































KIRCHNER CRICOPHARYNGEUS MUSCLE 


1137 



Fig 15 Pressure recordings during deglutition ten days after unilateral vngotomj Show 
minimal relaxation 



Fig 16 High-pressure area at crlcophar\ngeus after unilateral \agot- 
om\ .No essential change from pre-operati\ e condition 


since the piessuie capsule when pulled up thiough this area 
fiom the esophagus showed the usual piessuie use when 
passing the cilcophaiyngeus (see Fig 16) 

SECTION OF BOTH VAGI 

Using the onginal dog fiom the fust expenment, the left 
vagus was divided at its point of exit at the base of the skull 
three weeks after section of the opposite vagus 


4 - 4 '-! 












luchTs* prominent than'^fe^oVeoperaUol?‘ ately nftGr unllateral vagotomy C—Calibration The re 
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FIs 15 Pressure recordings during deglutition ten dais after unilateral vagotomj Show 
minimal relaxation. 



since the piessure capsule when pulled up thiough this area 
fiom the esophagus showed the usual pressuie rise when 
passing the cncopharyngeus (see Fig 16) 

SECTION OF BOTH VAGI 

Using the onginal dog fiom the fust expenment, the left 
vagus was divided at its point of exit at the base of the skull 
three weeks after section of the opposite vagus 
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Fiff 18 Doer >.0 1 24 hours after di\ islon of second lagua Barium 
lies In \alleculae phan upper esophagrus and trachea. 
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Flp 17 Dob No 1 24 hours after dUIsIon of second \nBUs Barium 

lies In -willeculae and In trachea 
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F1& IS X>otr Xo 1 24 hours after dUlsicm of second Aagms Barium 

lies In ^alleculae pliar' nx, upper esophagrus and trachea. 
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Fig: IT Dop No 1 24 hours after division of second \npus I3arl 

He? In valleculae and In trachea 
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ig 21 Tracing of original recording of high-pressure area at crlcopharyngeua following 
.teral vagotomy 




Fig 22 A.—Tracing of original recording 
of deglutition pattern following bilateral 
\agotom\ Relaxation phase Is absent. B — 
Calibration 


the moment the second vagus was sectioned (see Fig 20) 
Theie was a slight, but definite mciease m pressure at the 
time the vagus was sectioned The cable was then lemserted 
into the thoiacic esophagus, slowly pulled upwaid thiough 
the cncopharyngeus area, where the high-pi essure area was 
encountered as m the pievious expenments (see Fig 21) 

Swallow patterns showed complete absence of lelaxation of 
the cncopharyngeus during the act of deglutition (see Fig 
22 ) 
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Deglutition Following- leeoveiy fiom anesthesia, the dog 
exhibited obvious dysphagia, tin owing his head upwaid and 
backwaid in an attempt to swallow liquid 

End-oscopic Examination Both vocal coids weie paialyzed 
m a paiamedian position Saliva was collected m the lowei 
lecesses of the phaiynx 
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Fig l q High-pressure area at cricophary ngeus following bilateral 
\agotom\ 
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Fig 20 Pressure rise at cricophar\ ngeus at moment of section of 
second \agus This; and the following two figures are tracings of tech- 
nlcall\ unsatisfactory originals 


X-iay Banum mixtuie was found puddled thioughout the 
phaivnv, with some aspnation into the tiachea Lateial 
views showed no significant changes m the soft tissue pat¬ 
terns on the postenoi 01 antenor walls (see Figs 17, 18) 

Picssuic Studies Befoie the second vagus was cut, the 
cable was pulled up fiom the esophagus tlnough the cnco- 
phaivngeus (see Fig 19) The pressuie pick-up ^as then 
placed in the ci icopharvngeus area and a lecoiding taken at 
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Fig 21 Tricing of original recording of high-pressure area at cricopliarvngeus follow in 
lateral vagotomv 




Fig 22. A—Tracing of original recording 
of deglutition pattern following bilateral 
vagotomi Relaxation phase Is absent, B — 
Calibration 


the moment the second \agus was sectioned (see Fig 20) 
There was a slight, but definite increase m pressure at the 
tune the lagus was sectioned The cable was then reinserted 
into the thoracic esophagus slowlv pulled upward through 
the cncopharvngeus area, where the high-pressure area was 
encountered as m the previous expenments (see Fig 21) 

Swallow patterns showed complete absence of relaxation of 
the cricopharvngeus during the act of deglutition (see Fig 
22 ) 
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Deglutition Following lecoveiy fiom anesthesia, the dog 
exhibited obvious dysphagia, tin owing his head upwaid and 
backwaid m an attempt to swallow liquid 

Endoscopic Examination Both vocal coids weie paialyzed 
m a paiamedian position Saliva was collected m the lowei 
lecesses of the phaiynx 



Fig: 19 High-pressure area at ericopharj ngeus following bilateral 
■s agotonn 



Fig 20 Pressure rise at ericopharj ngeus at moment of section of 
second \agus This and the following t«o figures are tracings of tech- 
nlcallj unsatlsfactorj originals 


X-iay Banum mixtuie was found puddled thioughout the 
pharynx, with some aspnation into the tiachea Lateial 
views showed no significant changes m the soft tissue pat¬ 
terns on the postenoi oi anteuoi walls (see Figs 17, 18) 

Piessuie Studies Befoie the second vagus was cut, the 
cable was pulled up fiom the esophagus thiough the cuco- 
pharvngeus (see Fig 19) The piessuie pick-up vas then 
placed m the ci icopharyngeus aiea and a lecordmg taken at 
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Pig 21 Tracing of original recording of high-pressure area at cricopharj ngeus follow! 
bilateral vagotomy 




B 


the moment the second vagus was sectioned (see Fig 20) 
Theie was a slight, but definite increase m piessure at the 
time the vagus was sectioned The cable was then lemserted 
into the thoiacic esophagus, slowly pulled upwaid thiough 
the cucopharyngeus area, where the high-piessure aiea was 
encounteied as m the pievious expel lments (see Fig 21) 

Swallow patterns showed complete absence of relaxation of 
the cncopharyngeus during the act of deglutition (see Fig 
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KIRCHNER CRICOPHARYNGEUS MUSCLE 


Deglutition Following lecoveiy fiom anesthesia, the dog 
exhibited obvious dysphagia, thi owing his head upwaid and 
backwaid in an attempt to swallow liquid 

Endoscopic Examination Both vocal coids weie paialyzed 
m a paiamedian position Saliva was collected in the lowei 
lecesses of the phaiynx 
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Fig 19 High-pressure area at crlcopliaryngeus following bilateral 
\agotom\ 
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Fig 20 Pressure rise at crlcophars ngeus at moment of section of 
second \agus This and the following two figures are tracings of tech- 
nicallj unsatisfactorj originals 


X-ray Banum mixtuie was found puddled thioughout the 
phaiynx, with some aspnation into the tiachea Lateial 
views showed no significant changes m the soft tissue pat¬ 
terns on the postenoi oi antenor walls (see Figs 17, 18) 

Piessme Studies Befoie the second vagus was cut, the 
cable was pulled up fiom the esophagus through the cnco- 
phaiyngeus (see Fig 19) The piessure pick-up "as then 
placed m the cncophaiyngeus aiea and a lecoidmg taken at 
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Fig 21 Tracing of original recording of high-pressure area at cricopharyngeus follon In 
bilateral tagotomy 



B 


the moment the second vagus was sectioned (see Fig 20) 
Theie was a slight, but definite mciease m pressuie at the 
time the vagus was sectioned The cable was then lemserted 
into the thoiacic esophagus, slowly pulled upwaid thiough 
the cncophaiyngeus aiea, wheie the high-pi essuie area was 
encounteied as m the pievious expenments (see Fig 21) 

Swallow patterns showed complete absence of lelaxation of 
the cricopharyngeus during the act of deglutition (see Fig 
22 ) 
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DISCUSSION 

Section of both vagi pioduces a condition m which the 
cncophaiyngeus does not iela\ duimg the act of swallowing 
This is piobablv due to a lelative ovei activity of the sympa¬ 
thetic supply, and piobably explains the dysphagia lesultmg 
fiom nucleai 01 high ceivical lesions of the vagus ncives 
Paialysis of the lemaimng constuctoi muscles lesultmg fiom 
such lesions undoubtedly contributes to the dysphagia, but 
does not, m itself, make swallowing impossible, as shown by 
Meltzei, in cutting the middle and mfeiioi constuctoi mus¬ 
cles - The leal blockade is pioduced bv the tight ci icophai vn- 
geus, whose failuie of lelaxation, as shown in Fig 22, sug¬ 
gests achalasia as it is encounteied at the lowei esophageal 
ostium 


STIMULATION OF THE VAGUS AND SYMPATHETIC 

In 01 dei to eliminate anv possible piessuies lesultmg fiom 
the locking of the thvioid on the ciicoid caitilages by the 
cncothvioid muscle dumig this expeument, the cncothy- 
loidcus was fust divided bilateially m a noimal dog The 
vagus neive was exposed neai the base of the skull aftei 
dividing the digastnc muscle so that the stimulating olectiode 
could be placed between the ganglion nodosum and the jugulai 
foiamen The dog was lightly anesthetized with 5 pci cent 
nembutal 

X'-iay Banum mixtiuc was mseited into the dog's phaivnx 
and the dog made to swallow by sti oking the postcnoi wall 
of the phaivnx The light vagus neive was then stimulated, 
but inspection of the neck aftei the films weie taken showed 
that the electiode had been pulled dowmvaid along the vagus 
so that the entile vagosympathetic tiunh had been stimulated 
AP views show a maiked deviation of the liachea to the 
left, away fiom the side of vagal stimulation, as one would 
expect, with lelaxation of the suppoitmg musculatuie on one 
side While no conclusions aie diawn fiom this finding be¬ 
cause a slight tiacheal deviation was found pie-opei aliveh, 
the finding, nevei theless, wan ants fuithei investigation (see 

Figs 23, 24) 
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FIgr 23 Stimulation of right lague dog \o ° 
opposite side is suggestKe of relaxation of right 
port but inconclusive 


Tracheal 

constrictor 


deviation to 
muscle sup- 
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1 Itr 21 ^tlnnilntlon 


f rlt,ht uimih ilot. No 2 No h 


iMiiriciuil flmllm 


25 Faradlc stimulations (arrotva) of right vagus Sharp relaxation of cricopharjni 


)vrn. 


Piessuie Studies The faiadic stimulus was adjusted to a 
low intensity so that vagus stimulation did not produce a 
swallow 01 cause noticeable movements of the legional mus¬ 
cles Foi sympathetic stimulation, it was assumed that the 
supply to the cricopharyngeus comes from the supenoi cervi¬ 
cal sympathetic ganglion 1 ' Stimulation of the vagus above 
the ganglion nodosum produced a sudden sharp drop m the 
resting pressuie of the ciicopharyngeus muscle (see Fig 25) 

Stimulation at the supenoi ceivical sympathetic ganglion 
pioduced a shaip use m piessure m the cncopharvngeus zone 
(see Fig 26) Contiols were lun with fmgei piessuie ovei 
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C u 

Fig "CAB C—Faradlc stimulation (arrous) of superior cortical s> mpatlietlc ganglion 
Definite pressure increases are shot\ n D —Ca Ilbratlon 


the cncoid caitilage, pioducmg positive deflections (see Fig 
27) The faiadic stimulatoi was held neai, but not on the 
neive, to deteimine changes due to electucal conditions (see 
Fig 28) There weie none found The stimulatoi was also 
applied to the tongue in older to check the effect of move¬ 
ments of adjacent oigans There were no significant effects 
noted (see Fig 29) 











Fig 27 Control finger pressure on cricoid cartilage showing upward deflection with increase in 
pressure (arrows) 



[g53gEffi , jags=aa^i::ii. : '- ! ;^j^gi^)i^)gg(3jjpg:33g~i~gasggSn£llj<Bg3Mfll 





^ n -rti. rtW* ^*1* - -■— 

-iz- . mi uni 

!S&M&Mi5agBSsssiiaaateMiiMw 



S5S«3Sj BjSiCTjSifegr^jjy 



Fig 21 Control Electrode stimulating tongue Xo significant pressure 
changes at cricopharrngeus 


DISCUSSION 

The consistent drop m pressure with vagal stimulation, and 
the consistent rise in pressure with sympathetic stimulation 
indicates that only one type of activity' is mediated by each 
of the two autonomic divisions It adds further support to 
Sjoberg’s impression that the sphmctenc closure at the cnco- 




















































































1148 


KERCH NEE CRICOPHARYNGEUS MUSCLE 





KIRCH NER CRICOPHARYNGEUS MUSCLE 


1149 



Fie 31 Faradic stimulation of cricopharj-ngeus No significant changes 
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phaiyngeus following bilateial vagotomy is due to unopposed 
sympathetic activity, and that this condition may occui clin¬ 
ically 


STIMULATION OF THE CRICOPHARYNGEUS 

Stimulation of the cucophaiyngeus muscle itself pioduced 
no appieciable change on X-iay examination fiom the noimal 
lestmg stage Theie appealed to be a slight tilt of the thyioid 



Fipr 32 Faradlc stimulation of cricoplmr\ngreus muscle Sharp increase 
In pressure 


cartilage on the cucoid, but it is not definite enough to be 
conclusive (see Figs 30, 31) 

Piessmc Studies Piessuie leadings duimg stimulation of 
the cucophaiyngeus muscle show definite conti actions with 
each stimulus (see Fig 32) 

SECTION OF THE CRICOPHARYNGEUS 

In oidei to determine whether the thyrophaiyngeus portion 
of the inferior constnctoi has am tonic action in holding the 
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larynx back against the vertebiae the cncopharyngeus action 
was eliminated bv dissecting the cncopharyngeus off both 
sides of the cucoid at its points of attachment 

Deglutition The dog exhibited no d 3 7 sphagia ovei an ob¬ 
servation penod of one month The light vocal coid was 
found to be abducted immediately postopeiatively, but its 
action had letumed to noimal when it was examined about 
thiee weeks latei 

Endoscopic Examination Theie was no collection of food 
oi saliva anywheie m the phaivnx, and the annulai area noted 
m the noimal dog vas found again to be piesent behind the 
cucoid cartilage 

X-iay Swallowing performed noimally No changes m 
the soft tissue pattern of the phaiynx 01 hypopharynx There 
is no change in the position of the laiynx as compaied to its 
distance fiom the postenoi wall (see Figs 33, 34) 

Piessuie Studies Faiadic stimulation of the vagus supply 
to the mfenoi constuctoi muscle pioduced only a baielv 
noticeable diop fiom testing piessuie (see Fig 35) 

DISCUSSION 

Complete sepaiation of the ciicophaiyngeus fiom the cucoid 
cartilage is compatible with normal deglutition Endoscopic 
examination shows the annulai constiiction found pnoi to 
suigeiy Photomiciogiaphs piepaied fiom this aiea show 
that the ndge is composed chiefly of mucous glands (see Figs 
36, 37, 38) Stimulation of the vagus aftei sectioning the 
ciicophaiyngeus pioduced piactieally no change m the lestmg 
piessuie m this aiea, showing that the upper oi thyrophaivn- 
geus portion of the infenoi constuctoi has little oi no tonic 
action in supporting the laiynx Companson of pressuie 
readings befoie and aftei sectioning the cncopharyngeus 
shows that tins muscle is noimally m a state of tonic con¬ 
traction 

SUMMARY 

1 The motor activity of the dog’s ciicophaiyngeus muscle 
was studied during its resting state and dunng deglutition 
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Fjp 3° Folio" Inp section of crleophar} npeiis and tb' ropbnr\ npeus 
bilateral!' No slprnlflcnnt chanpes 
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FIS' 34 Following section of crlcopharvngeus and th\ropharvngeus No 
significant changes. 
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2 Bv sectioning 01 stimulating each of the two majoi com¬ 
ponents of the nerve supply to the cricopharyngeus muscle 
\anoiis states of autonomic imbalance weie pioduced and 
their effects obseived bv foui methods 

A Observations of the dog’s ability to swallow food and 
liquids 



Fig: 37 Saggital section through h' pophart ngreal fold (upper square 
In Fig 36) (X3S) 

B Endoscopic appeal ance of the pharvnx, larynx and 
hypopharvnx 

C Radiologic studies of the hvpopharynx 

D Inti alummal piessuie lecoi dings fiom the cncopha- 
lvngeus spluncter area using a newly developed 
electiomc cable 

3 Controls were established foi the piessure lecordmgs by 
the following means 
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2 Bv sectioning 01 stimulating each of the two majoi com¬ 
ponents of the neive supply to the cncopharyngeus muscle 
\anous states of autonomic imbalance weie pioduced and 
then effects obseived by foui methods 

A Observations of the dog’s ability to swallow food and 
liquids 



Fig: 37 Sag-grital section through hvpophart ngeal fold (upper square 
in Fig 36) (X3S) 

B Endoscopic appeal ance of the pharynx, larynx and 
hypopharynx 

C Radiologic studies of the hypopharynx 

D Intialummal piessuie lecoi dings fiom the crieopha- 
lyngeus sphinctei aiea using a newly developed 
electionic cable 

3 Contiols weie established foi the piessuie lecoidmgs by 
the following means 
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A Manual piessuie on the cucoid cartilage with the le- 
coiding capsule m position 

B Faiadic stimulation of adjacent muscles 

G Application of the stimulatoi neai to but not on the 
neives m oidei to deteimme changes due to electucal 
conditions 



Fie 38 Saggltal section through h> pophnr\ngeal fold (lower square In 
Fig 36) showing large masses of mucous glands (X3S) 


RESULTS AND CONCLUSIONS 

1 The cncophaiyngeus muscle was found by piessuie le- 
coidings to be m a constant state of tonus dui mg its lestmg 
stage 

2 Dm mg noimal deglutition the muscle fust lelaxes then 
contiacts to a pressuie level equal to oi highei than its testing 
piessuie 

3 Unilateial \agus section at base of skull diminishes 
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slightly the lelaxation phase of the muscle duiing swallowing 
but does not pioduce dysphagia m the dog 

4 Bilateial vagus section at base of skull abolishes the re¬ 
laxation phase and pioduces seveie dvsphagia duiing the dog’s 
lemairung hour's of life 

5 Faiadic stimulation of the vagus blanch to the cnco- 
pharyngeus pioduces a sharp relaxation of piessuie 

6 Stimulation of the supenoi cervical sympathetic ganglion 
pioduces a shaip use m piessuie 

7 Relaxation is mediated by the paiasympathetic fibeis, 
conti action is mediated by the sympathetic 

8 Dysphagia may lesult fiom mci eased tonus m the cnco- 
phaiyngeus as a lesult of sympathetic overactivity m lesions 
affecting the vagus neives between the nucleus ambiguus and 
the ganglion nodosum Suigical tieatment of tins condition 
would lequne division of either the muscle itself, oi its sym¬ 
pathetic nerve supply 
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A DEVICE FOR INTRA-ESOPHAGEAL AND OTHER 
INTRA-LUMEN PRESSURE RECORDING 


Albert S Field, Jr ,* 
New Haven, Conn 


In a study of the swallowing mechanism descubed else- 
wheie, 1 the need foi a pzessuie sensitive capsule aiose Pies- 
suie changes within the esophagus pioduced. by conti action 
and lelaxation of the cucophaiyngeus muscle weie to be le- 
coided These piessuies aie difficult to lecoid, as the cnco- 
phaiyngeus moves up and down dm mg the act of swallowing, 
changing the lelationship of the muscle to any stationaiy de¬ 
vice m the esophageal lumen 1 A balloon connected by an- 
filled tubing to an electiomc lecoidmg system had not pio¬ 
duced successful lesults Biody and Quigley have called 
attention to the unsatisfactory physical chaiactenstics of 
balloons Constuction of the balloon pioduces intiaballoon 
piessuies which do not accuiately leflect piessuies within 
the space being studied, 3 and m the study of the swallowing 
mechanism 1 the piessuie changes lecoided by the mtia- 
esophageal balloon could not be consistently lepioduced To 
oveicome this difficulty it was decided to use a piessuie sen¬ 
sitive capsule of cyhndiical shape and of such dimensions 
that it would fit within the esophagus at the level of the cneo- 
pharyngeus muscle, be in contact with the muscle at all times, 
yet peimit the muscle to slide over it when swallowing oc- 
cuned It was important that the entue suiface of the capsule 
be capable of lesponding to alteiation m piessuie, and that the 
effect of tins 1 espouse be transmitted to a system which 
would make a peimanent visual lecoid of the piessuie vaua- 
tion As a qualitative lecoid of piessuie change fulfilled the 
needs of the expenment, exact quantitative estimate of pies¬ 
suie was not attempted except as lequned foi cahbiation of 
the system 
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The piessure sensitive capsule described beloiv (see Fig 1), 
a modification of the punciple descubed by Lilly and Buchtal 
and Waibuig* met the desued lequnements A mimatuie 
diffeiential tiansformei of the tvpe descubed by Gauei and 
Gienapp 5 was considered, but discaided because it lecoids 
only end pressures Heie the sensitive stiuctuie is essentially 
a vanable condensei, the capacitance of which vanes when 



Fig 1 Pressure sensItPe capsule cable and coll attached to the 
oscillator-amplifier 


the two metallic surfaces sepaiated by an come closer to each 
othei, oi move faithei apart, as one is subjected to gieatei or 
less piessuie than the othei Aluminum foil was used foi the 
metallic surfaces, but instead of an a thin sheet of lubbei 
which foims a solid, flexible dielectnc vas employed to keep 
them apart The laveis of foil and lubbei weie ananged 
concentncallv to form a cvhndei 1 cm m diametei and 5 cm 
long In ordei to lecord dnectlv in a body cavity, lathei than 
remotely as pait of a gas or fluid filled system, a flexible 
watei -tight cover piotected the condensei fiom conducting 
solutions such as fluids m the esophagus, which could make a 
short cncuit between the metallic surfaces 
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In a study of the swallowing mechanism descubed else- 
wheie, 1 the need for a piessuie sensitive capsule arose Pies- 
suie changes within the esophagus pioduced by contiaction 
and relaxation of the cncopharyngeus muscle wexe to be re¬ 
corded These pressures are difficult to lecord, as the cnco- 
pharyngeus moves up and down dunng the act of swallowing, 
changing the relationship of the muscle to any stationary de¬ 
vice in the esophageal lumen 1 A balloon connected by an- 
filled tubing to an electronic lecoidmg system had not pro¬ 
duced successful results Brody and Quigley have called 
attention to the unsatisfactory physical characteristics of 
balloons Constnction of the balloon pioduces mtiaballoon 
piessuies which do not accurately leflect pressures within 
the space being studied, 2 and m the study of the swallowing 
mechanism 1 the piessuie changes lecoided by the mtia- 
esophageal balloon could not be consistently lepioduced To 
oveicome this difficulty it was decided to use a piessuie sen¬ 
sitive capsule of cyhnducal shape and of such dimensions 
that it would fit within the esophagus at the level of the ci ico- 
pharyngeus muscle, be m contact with the muscle at all times, 
yet peimit the muscle to slide ovei it when swallowing oc- 
cuned It was important that the entile surface of the capsule 
be capable of lespondmg to alteration in piessuie, and that the 
effect of tins response be transmitted to a system which 
would make a permanent visual lecoid of the piessuie vana- 
tion As a qualitative lecoid of piessuie change fulfilled the 
needs of the experiment, exact quantitative estimate of pies¬ 
suie vas not attempted except as requned foi calibiation of 
the system 
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The piessuie sensitive capsule described below (see Fig 1), 
a modification of the punciple descubed by Lillv and Buchtal 
and Waibuig 4 met the desned lequuements A mmiatuie 
differential tiansformei of the type descubed by Gauei and 
Gienapp 5 was considered, but discaided because it lecords 
only end pressures Heie the sensitive stiucture is essentially 
a variable condensei, the capacitance of which vanes when 



Pig 1 Pressure sensltl\e capsule cable and coil attached to the 
oscillator-amplifier 


the two metallic surfaces sepaiated bj’ an come closei to each 
othei, oi move farther apart, as one is subjected to gieatei or 
less pressuie than the othei Aluminum foil was used foi the 
metallic surfaces, but instead of an a thin sheet of mbber 
which forms a solid, flexible dielectnc was employed to keep 
them apart The lavers of foil and lubbei weie ananged 
concentrically to form a cylmdei 1 cm m diametei and 5 cm 
long In ordei to lecord directlv m a body cavity, latliei than 
remotely as part of a gas or fluid filled system, a flexible 
water-tight covei piotected the condensei fiom conducting 
solutions such as fluids m the esophagus, which could make a 
short cncuit between the metallic surfaces 
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The capsule was mounted at one end of a coaxial cable,'" 
0 5 cm m diametei and 266 cm Iong, to peimit mseition m 
the body cavity as well as attachment to an oscillatoi - 
amplifiei The coaxial cable is an impoitant pait of the 
aiiangement, as it consists of a cential wne sepaiated fiom 
a biaided shield in such a way that the spatial lelationslnp 
of these two lemains constant, and the capacitance of the 
cable vanes as little as possible Since cable and piessuie 
capsule aie pait of the same electncal cucuit, any vanation 
in cable capacitance would simulate a change in capacitance 
of the piessuie capsule and give a false indication of piessuie 
change The outei bi aided wue of the cable is attached to the 
giounded side of the electncal cucuit, and, theiefoie, shields 
the innei wne fiom unwanted induced cunents in the en- 
vnonment Advantage is taken of this shielding effect when 
connecting the piessuie capsule to the cable, as the outei of 
the two metallic sui faces of the condensei is attached to the 
outei bi aided wne of the cable 


In oidei to function piopeily the piessuie sensitive capsule 
must be in senes with a coil of just the light numbei of turns 
of No 34 wne, so that togethei coil and vanable condensei 
constitute a lesonant cucuit tuned to the oscillatoi oi camel 
fiequency of the oscillatoi-amphfiei system to which the cable 
is attached A unique featuie of the lesonant cncuit, as used 
m this case, is the sepaiation of coil and piessuie capsule 
The coil is inseited in the cable at the end opposite to the 
piessuie capsule, 9 cm fiom the connection to the oscillatoi - 
amplifiei This avoids placing the coil in a body cavity wheie 
it would be exposed to tempeiatuie and piessuie changes that 
altei its inductance Such changes m inductance would change 
the lesonance of the cncuit independently of the vanable 
condensei, and pioduce unwanted deflections on the lecoid 
not necessanly i elated to events occurnng at the capsule end 


The oscillatoi -amplifiei usedf is similai in design to that 
descnbed by Tomkms a When the lesonant circuit consisting 
of piessuie capsule, coaxial cable and coil aie attached to the 
input of this amplifier, they foim one aim of an alternating 
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current bridge which is balanced lesistively but slightly un- 
ralanced leactively When the capacitance of the condenser 
vanes, the reactive unbalance vanes and the transmission of 
the bndge increases The output voltage of the bndge is 
pioportional to the leactive unbalance, and is changed m the 
amphfiei eneuit from an amplified ladio-fiequeney signal to 
dnect cunent The pulsating duect cuiTent, an image of 
piessure change at the capsule is then used to dnve the le- 



Fiff 2 Response to pressure changre of the capsule described, compared 
to Sanborn capsule No 267B 


coxdei, which in this case was a Sanborn Viso-Caidiette direct 
writei 

To determine whethei it would follow piessuie changes 
faithfully enough foi the purposes of the expenment, a com¬ 
parison of the performance of the capsule descnbed was made 
with the Sanborn capsule No 267B This was accomplished by 
placing both capsules m the same an-filled system The output 
of the oscillatoi-amplifiei was fed into a DC coupling ampli¬ 
fier, which was one channel of a four channel lecoidei The 
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Sanborn capsule was attached thiough its pieamphfiei to 
anothei channel of the same lecoidei The response of the 
Sanborn capsule was known to be lineal, and the piessuie of 
the system was vaned in increments of 25 mm IIg as meas- 
uied by the calibration of the Sanborn capsule The deflec¬ 
tion m mm of the two capsules has been plotted against 
piessuie, as shown m Fig 2, which indicated a fan linear 
response A good lesponse to quick changes m piessuie was 
obseived when the piessure m the system was alternated 
two-and-a-half times a second 

It is probable that the capsule could be made smallei, be¬ 
cause of the mheient sensitivity of a ladio-fiequency device 
It may also be possible by furthei refinement m constiuction 
to mciease the hneanty of its lesponse In addition to the 
application fox which it was designed, theie are othei situa¬ 
tions wheie it is desired to measuie changes m mtralumen 
pressuie, and a tiansducei might have advantages Biody 
and Quigley compaie various methods for recoidmg these, 
and discusses then expeiience with them 2 One application 
which could be of consideiable value, would be a duect re- 
coidmg of the lesponse of bionchial musculatuie to vanous 
diugs 
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INTERMITTENT PAROTID SWELLING DUE TO 
ILL-FITTING DENTURES—AN ENTITY, ITS 
DIAGNOSIS AND TREATMENT *f 


A C Furstenberg, M D , 
and 

Irving M Blatt, MDJ 
Ann Aiboi, Mich 


Renewed inteiest m sialogiaphy, with significant mipiove- 
ment in its technique duung the past few yeais, has piovoked 
many studies of salivary gland disease and a numbei of orig¬ 
inal obseivations Notable among these has been a better 
undeistanding of the etiology, diagnosis, and treatment of 
inflammatory conditions of the majoi salivary glands Sialog¬ 
iaphy, the piocess of demonstiating loentgenogiaphically the 
salivary duct system after the injection of ladiopaque ma- 
tenal, has given us valuable aid in the diagnosis and classi¬ 
fication of obstiuctive and non-obsti uctive inflammatory 
lesions 12 Secietory sialography 3 cleaily indicates that both 
conditions aie lesponsible foi chaiactenstic changes m the 
anatomical configuration and physiological function of the 
majoi salivarv glands 

We have become particularly inteiested m one such ob¬ 
stiuctive phenomenon and its mode of management, namely, 
obstiuctive sialodochitis We believe it to be an entity due 
to an inflammatory stuctuie at the papilla of the duct de¬ 
veloping as the lesult of tiauma fiom impiopeily fitting 
partial 01 complete dentuies This condition appeals to have 
a natuial histoiv, lecognizable clinical manifestations, diag- 
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FIc 1 Case 1 Unilateral Inflammator\ c>st of the parotid glnnd 


nostic ladiogiaphic featuies, and definite histopathologic 
changes 

Until lecently the management of this condition has con¬ 
sisted of fiequent duct dilatations and the admimstiation of 
antibiotics and chemotheiapeutie agents foi the relief of 
swelling and pain incident to the inflammatory reaction with- 
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m the gland We should like, theiefoie, to descube the diag¬ 
nostic featuies and pathogenesis of this condition, and to offei 
a simple opeiative pioceduie foi its alleviation 


PRESENTATION' OF CASES 

Case 1 G A. Xo 7S1775, a 72 v ear-old widow -was admitted to Univei 
sitv Hospital on April 22, 1054, for evaluation and treatment of a left 
parotid swelling of eight months duration the enlargement was noticed 
for the first time after eating There was pain characterized bv ' a 
festering ache and a ropv feeling’ in the left cheek. Over a four week 
interval the swelling did not recede completelv but fluctuated at meal 
times between the size of a * kernel and large lima bean ” The size of the 
parotid mass remained stationary for three months prior to admission 

The patient had been wearing complete dentures for more than 30 
years Sis vears prior to admission she noticed that the upper dentures 
became increasingly mobile and often embarrassed her bv falling upon 
the lower lip when opening the mouth this was also troublesome during 
mastication Various cements’ were used in an effort to hold the uppei 
plate in position 

Physical examination revealed a 3x4 cm mass in the posteromedial 
portion of the left parotid gland which transmitted light (see Fig 1) 
The remainder of the parotid gland was diffused palpable but not nodu 
lar When the mouth was opened the upper denture fell on the lower 
lip There was considerable front to rear and side to side movement of 
the upper denture. The parotid papilla on each side was hypertrophic 
and rigid Stensen’s duct orifice was patent, and the duct, which was 
cord like was palpable throughout its buccal course Pressure over the 
gland gave rise to a profuse flow of clear saliva without an immediate 
return of parotid swelling Lemon stimulation produced a similar con 
dition A size No 1 olive-tipped probe inserted into the duct revealed a 
fusiform stenosis 0 5 cm from the orifice At this point the wall of the 
duct imparted a grittv sensation There were no additional strictures 
in the bucco-masseteric course of Stensen’s duct On the contrarv, the 
duct felt diffusely dilated Further dilation of the duct orifice prepara 
torv to slalographi promoted an active flow of saliva with lemon stimula 
tion 

A smear of the saliva collected bv pol\ethylene catheterization failed to 
reveal anv cells organisms or crystalline material The culture yielded 
organisms of the non pathogenic actinomvces species -which were con 
sidered contaminants The total volume of parotid saliva secreted bv 
continuous lemon stimulation after overnight fasting and collected bv 
polvethvlene catheterization was 16 4 cc in 60 minutes (see Table 1) 

Films of the left parotid sialogram taken after injection of 1 0 c c of 
Pantopaque showed elongation tortuositv and dilation of Stensen s duct 
without evidence of stricture in its bucco-masseteric course (see Fig 2) 
This was accompanied bv displacement of the secondary and tertiarv 
ducts about a space-occupving lesion within the left parotid gland Theie 
was minimal retention of contrast material on the post-evacuation films 
This sialographic picture was compatible with an inflammatory evst and 
chronic main duct obstruction Aspiration of 17 c c of fluid was followed 
by injection of an equivalent amount of 30 per cent Urokon to outline 
the evst cavity (see Fig 2) 

A subtotal parotidectomj was performed with excision of the evst 
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There was considerable scar tissue in the wall of the cvst 'with evidence 
of chronic inflammation in the salivary gland (see Fig 3) 

Case 2 K. S No 875192 a 58 year-old housewife was admitted to 
Unit ersity Hospital on July 9 1957 with painful bilateral swelling of the 
parotid gland The patient was well until April, 1942, when suddenlv she 
noted painful right parotid swelling while eating A diagnosis of mumps 
was made bv the family physician Subsequent episodes occurred ap¬ 
proximately every three months, all associated with eating In October, 
1946 the left parotid gland was sfmilarlv invohed 

In 1938 upper and lower complete dentures had been made for the 
patient but they did not seem to fit satlsfactorilv During the ensuing 



Fig 3 Case 1 The microscopic section shows considerable scar tissue 
in the wall of the cyst with chronic Inflammation. 


years other dentures were provided but they never were entirely satis¬ 
factory for mastication 

Physical examination revealed bilateral diffuse parotid enlargement 
(see Fig 4) The upper denture fell upon the lower lip when the mouth 
was opened The lower denture had considerable anteroposterior mobility 
and was observed to override each caruncula salivaris at the site where 
the submaxillary duct (Wharton’s duct) opens into the floor of the 
mouth Both parotid papillae were hypertrophic and scarred The sail 
vary non from each parotid gland was sluggish Upon stimulation of 
salivary secretions by sucking a lemon slice the face swelled gradually, 
and the flow of saliva into the mouth came in spurts Probing of each 
Stensen s duct revealed a stricture at the duct orifices as well as addi¬ 
tional strictures along the bucco-masseteric course of Stensen s duct The 
wall of each Stensen s duct imparted a gritty sensation upon probing 
There were no strictures in either submaxillary (Wharton s) duct 
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A smear of parotid salha collected b% poheth>lene catheterization re 
vealed desquamated cuboidai epithelial cells No organisms were ob 
sened bj smear 01 culture from either side The submaxillary saliva 
showed no cells or organisms Total volume of parotid saliva secreted 
bj continuous lemon stimulation after overnight fasting was 17 7 c c in 
GO minutes for the right parotid gland and 18 1 c c in 60 minutes for the 
left (see Table I) A quadiiglandular sialogram was performed An in 
jection of 0 9 c c of Pantopaque in each Stensen’s duct revealed a mark 



edit dilated and irregulnrlt segmented main duct The subnin\'lllnr\ 
ducts (0 36 cc Pantopaque injected in each duct) ■were slmilarlt in\ohed 
although the degree of dilation was not so pronounced as in the case of 
Stensen s ducts (see Fig 5) 


On Jul\ 1G 1077 a bilateral dochoplastj of Stensen s duct was per 
formed 

Case 7 M B Ao S391G2 A 1G tear old wife of a plnslclan came to 
Unltersltt Hospital in April 193G because of repeated painful swellings 
nf the left parotid gland This patient hnd been astmptomatlc until Mtn 
1055 when she noted a sudden postprandial left parotid swelling This 
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was associated with a low grade fever Subsequent^ she complained of 
a feeling of tightness and dull pain in the bucco masseteric region while 
eating The diagnosis of mumps was made at the time of the original 
attack. During the next ten months there were similar episodes of pain 
and swelling in the left parotid area approximately once a month and 
tnvariablv associated with her meals The swelling receded spontaneous 
lv on each occasion 

Upper and lower partial dentures had been made for this patient in 1944 
for the purpose of correcting her bite She stated that the upper den 
tures became loose frequentlv and had to be 'tightened ” She preferred 
to chew her food on the right side 



Pig 6 Sialogram of advanced main duct obstruction with secondarv 
Infection The Filling Phase re\eals that each Stensen s duct Is marhedly 
dilated and irregularly segmented. 


Phvslcal examination revealed a moderatelv swollen diffuselv palpable 
left parotid gland The left parotid papilla was hvpertrophtc A scantv 
amount of clear gelatinous saliva could be milked from the duct orifice 
Upon stimulation b' sucking a lemon slice the left parotid gland swelled 
and a firm ropv Stensen’s duct could be palpated along its bucco-masseter 
ic course Upon further milking of the duct svstem bv massage saliva 
entered the mouth with a squirt Probing revealed a stricture 0 5 cm 
proximal to the duct orifice and onlv a size No 1 olive-tipped probe could 
be passed bevond the stricture Additional strictures were also encoun 
tered along the bucco masseteric course of Stensen's duct The wall of 
the duct imparted a gritty sensation upon probing The saliva contained 
desquamated cuboidal cells but no organisms were found in the smear 
or culture The total volume of parotid saliva secreted bv continuous 
lemon stimulation (after overnight fasting) was 20 5 c c in 1 hr on the 
left side and 20 0 c a in 1 hr on the right (see Table I) This secretion 
a as obtained after the stricture near the orifice had been widelv dilated 

The sialogram revealed multiple strictures of Stensen's duct on the left 
side after injection of 0 S c.c Pantopaque There was virtuallv complete 
retention of the contrast material on the five-minute post-evacuation 
film (see Fig 6) The filling and excreton films of the right parotid 
gland and submaxlllarv glands were normal 

On June 15 1956 a dochoplastv was performed 
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THE CLINICAL PICTURE 

As noted by othei investigates,' 15 the condition is associ¬ 
ated with partial 01 complete dentuies which aie ill-fitting 
Diffuse paiotid swelling with pain and a feeling of piessure 
m the cheek frequentlv occuis while eating When salivary 
flow is stimulated by a potent sialogogue (lemon) the gland 
may swell Upon massage of the paiotid legion, only a slug- 



Fig” 7 Case 2 A sialogram of the Filling Phase (2X enlarged) demon¬ 
strates that the secondarj ducts (arrows) mav also be Invoked In obstruc¬ 
tive sialodochitis however there is no alteration of the most peripheral 
radicals This Is the differential point between obstructHe sialodochitis 
and non-obstructive slalectasis 


gish flow of clear saliva fiom a hypertiophic paiotid papilla 
is noted The cord-like dilated Stensen’s duct can usually be 
palpated along its bucco-masseteric couise Upon piobmg 
the duct, dilated segments alternate with strictures A gutty 
sensation imparted to the probe by the hypertrophic and meta- 
plastic duct epithelium (see Fig 9) may be mistaken for cal- 
caieous material 


THE PATHOGENESIS 

This condition appeals defimtelv to be associated with the 
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piesence of dentuies The patient is lequued to altei the 
mechanism of mastication in a mannei which does not sustain 
the noimal chewing - habit As food is being chewed on one 
side of the mouth, the paiotid papilla on the opposite side 
tends to be sucked mesially and bitten Mastication is furthei 
leananged and altei ed when alveolar absoiption occuis, al¬ 
lowing the dentuies to shift about while chewing 

When the paiotid papilla is subjected to lepeated tiauma 
and inflammation, fibious tissue pi olifeiation and scai tis¬ 
sue cicatuzation occui This interferes with normal sahvaiy 
flow, and the ensuing piessuie behind the stuctuie lesults 
m dilatation of the gland duct It is not long befoie secondaiy 
bactenal infection supervenes with a diffuse inflammatory 
leaction along the bucco-masseteiic couise of Stensen’s duct 
and with pioduction of multiple inflammatory stnctuies If a 
stnctuie m the secondaiy 01 tertiary ducts seals off a section 
of secietmg acmai tissue an inflammatory cyst may be foimed 
(see Fig 2) 

THE SIALOGRAM WITH CLINICAL AND HISTOLOGICAL 
CORRELATION 

The diagnostic featuies of this condition aie dilatation and 
stnctuieifoimation m the mam sahvaiy duct without the ter¬ 
minal 'pei iplwi al duct involvement seen in sialectasis The 
degiee of anatomic altei ation depends on the fiequency, sevei- 
lty and duiation of 1 Obstiuction caused by mjuiy to the 
paiotid papilla, 2 Secondaiy bactenal infection associated 
with intei feience of sahvaiy flow 

Among the patients above descubed, thiee loentgenogiaphic 
patterns can be distinguished 

1 ELONGATION, TORTUOSITY AND DILATATION 
OF THE MAIN DUCT 

These changes aie noted vhen a stnctuie is piesent neai 
the duct onfice (see Fig 2) Filling phase films and piobmg 
demonstiated the stnctuie Some of the secondaiv and tei- 
tiarv ladicals shaie m the dilatation If a stnctuie m the 
irnnoi ducts lesultmg fiom a paiotid infection seals off a 
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section of secietmg acmi an inflammatory cyst may be formed 
A monolocular cyst with consideiable seal tissue m its wall 
and with surrounding’ parenchymal piessure atiophy is seen 
m Fig 3 The stnctuie was probably the lesult of a parotitis 
eight months pnor to admission to the hospital, the only such 
episode experienced by the patient 

2 UNIFORM DILATATION OF STENSEN'S DUCT WITH BEADING 

This appears to be an eaily anatomic alteration of the 
duct charaeteiized by stnctuie foimation at its onfice and 
along its bucco-massetenc couise We note these changes m 
Stensen’s duct of patient (Case 3) The emptying film shows 
virtually complete letention of the contiast matenal (see Fig 
6) The mechanism of retention is no doubt i elated to the 
checking action of the salivary flow bv multiple strictures 
along the course of the duct and the non-distensible stricture 
at the duct oiifice 

3 MARKED DILATATION AND IRREGULAR SEGMENTATION 
OF THE MAIN DUCT 

These changes aie seen m patient (Case 2), m whom lll- 
fittrng dentuies weie worn for 19 years, with lecunent epi¬ 
sodes of parotid swelhng As noted m the filling phase, the 
secondary ducts aie also imolved, but the most penpheial 
radicals do not participate m the inflammatory piocess (see 
Fig 7) This lepresents an advanced composite picture of 
mam duct obstruction and secondary bactenal infection The 
submaxillary ducts can be sirrulaily involved if the lower 
denture is faulty, although the degree of dilatation is not pro¬ 
nounced The post-e’r acuation film demonstrates that the 
obstruction at the outlet is the principal detenent to e\acu¬ 
ation (see Fig 8) When the stenotic duct orifices are le- 
moved suigicallv and a duct-plasty is performed, the con¬ 
tinuous flow of saliva is le-estabhshed and the parotid swelling 
lecedes Histologic sections of the constricted duct onfice 
show metaplasia, seal formation and stenosis that are the 
result of trauma of Stensen’s duct m the paiotid papilla (see 
Fig 9) 
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DISCUSSION 

Obstructive sialodochitis due to lll-fittmg dentuies is not a 
common disoidei when compaied with sahvaiy gland inflam¬ 
mation caused by calculi 01 by the non-obsti uctive sialodochi- 
ectasis (sialectasis) gioup of diseases such as leciment 
pyogenic pai otitis, Sjogien’s syndiome and Mikulicz disease 
Only tluee such cases (2 7 pel cent) have been obseived m a 
total of 138 patients lefened to the clinic foi vanous mflam- 
matoiy lesions of the sahvaiy glands since July, 1953 These 
cases also lepiesent only 0 75 pei cent of 352 sialogiams wade 
since the above date Because of the moiphologic pattern 
of mam duct “estasia” pioduced by alternating dilatations 
and stuctuies, the condition belongs to the obsti uctive sialodo- 

TABLE I—SECRETION VOLUME STUDIES OF PURE PAROTID 
SALIVA IN CC/HR 

Method of Collection Via Polyetln Iene Cathetei 
Stimulation Feeding Continuous Lemon Slices 


Normal Female Age 44 

21 cc 

Case 3 

Age 46 

20 5 c c 
20 0 c c 

Left Parotid, 
Right Paiotid 

Normal Female, Age CO 

17 5 c c 

Case 2 

Age 68 

17 7 c c 

18 1 cc 

Right Parotid, 
Left Parotid 

Normal Female, Age 70 

17 0 c c 

Case 1 

Age 72 

1G 4 c c 

Left Parotid 


chiectasis gioup as classified by vanous mvestigatois 14 7 , 
howevei, obsti uctive sialodochitis should not be confused with 
non-obsti uctive sialectasis In the foimei, theie is no alteia- 
tion m the teimmal ducts noi dimmuation m the volume of 
saliva secieted 8 In the lattei, howevei, we note dilatation of 
many of the teinnnal ducts, and a definite diminution in the 
quantity of saliva secieted by the diseased gland 

In obsti uctive sialodochitis, associated with ill-fitting den¬ 
tines, the volume of puie paiotid saliva secieted incc pei hi 
does not appeal to vaiy fiom the noimal (see Table I), and 
this piobablv evplams the noimal aichitectuial pattein of 
the teimmal ducts seen loentgenogiaphically Possibly, too, 
it accounts foi the fact that no pyogens oi mflammatoiy cells 
aie piesent Thus, the mechanism which lesists letiogiade 
infection of salivan paienchjma by mouth oiganisms 0 can 
opeiate successfully in the face of mcieased piessuie giadienls 
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of dilatation and strictuies, as long as the normal complement 
of acmai tissue is available and sufficiently pioductive to 
wash the oigamsms out of the duct 

Anatomically, two types of duct obstiuction aie appaiently 
produced—that which is noted at the duct orifice and ob¬ 
struction along the bucco-massetenc course of the duct The 



Fig- 10 Technique of DochoplasU A.—Parotid papilla opposite second 
molar tooth. B—The parotid papilla Is grasped and the stenotic portion 
of Stenson s duct is dissected free from the surrounding buccal tissue 
C—-The papilla is amputated D—The open end of the duct Is sutured 
with fine silk to the surrounding mucous membrane 


duct orifice obstiuction is caused by tiauma to the parotid 
papilla The bucco-massetenc obstiuction appears to be a 
more advanced stage of the condition resulting from secondary 
bastenal infection and inflammatory leaction along the bucco- 
massetenc course of Stensen’s duct 

TREATMENT 

The treatment is surgical The technique of dochoplasty is 
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DISCUSSION 

Obsti uctive sialodochitis due to ill-fitting dentuies is not a 
common disoidei when compaied with sahvaiy gland inflam¬ 
mation caused by calculi 01 by the non-obsti uctive sialodochi- 
ectasis (sialectasis) gioup of diseases such as lecunent 
pyogenic pai otitis, Sjogien’s syndrome and Mikulicz disease 
Only thiee such cases (2 7 pei cent) have been obseived m a 
total of 138 patients lefened to the clinic foi various mflam- 
matoiy lesions of the sahvaiy glands since July, 1953 These 
cases also lepiesent only 0 75 pei cent of 352 sialogiams made 
since the above date Because of the moiphologic pattern 
of mam duct “estasia” pioduced by alternating dilatations 
and stuctuies, the condition belongs to the obsti uctive sialodo- 

TABLE I—SECRETION VOLUME STUDIES OF PURE PAROTID 
SALIVA IN C C /HR 


Method of Collection Via Poljethjlene Catlietei 
Stimulation Feeding Continuous Lemon Slices 


Normal Female, Age 44 

21 cc 

Case 3 

Age 46 

20 5 
20 0 

c c 

c c 

Left Parotid, 
Right Parotid 

Normal Female, Age 60 

17 6 c c 

Case 2 

Age 58 

17 7 

18 1 

c c 

c c 

Right Parotid, 
Left Parotid 

Normal Female, Age 70 

17 0 c c 

Case 1 

Age 72 

16 4 

c c 

Left Parotid 


chiectasis gioup as classified by vanous mvestigatois 1 *', 
howevei, obsti uctive sialodochitis should not be confused with 
non-obsti uctive sialectasis In the foimei, theie is no alteia- 
tion in the teimmal ducts noi dimmuation in the volume of 
saliva secieted 8 In the lattei, howevei, we note dilatation of 
many of the teimmal ducts, and a definite diminution in the 
quantity of saliva secieted by the diseased gland 

In obsti uctive sialodochitis, associated with ill-fitting den¬ 
tines, the volume of puie paiotid saliva secieted m c c pei hi 
does not appeal to vary fiom the noimal (see Table I), and 
this piobablv explains the noimal aichitectuial pattern of 
the teimmal ducts seen loentgenogiaplucally Possibly, too, 
it accounts foi the fact that no pyogens oi inflammatoiy cells 
aie piesent Thus, the mechanism which lesists letiogiade 
infection of salivai \ paiench>ma by mouth oiganisms 6 can 
opeiate successfully m the face of mci eased piessuie giadients 
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5 Rose S S Sialograph' in Diagnosis Postgrad lied Jour, 26 521 
1950 

6 Blatt, I JI Unpublished data 

7 Bladt, J V and Hockeb A. F The Application of Sialography in 
Mon Neoplastic Disease of the Parotid Gland Radiol 32 131, 1939 

S Blatt, I M Unpublished data 


GRANT TO JEWISH HOSPITAL, ST LOUIS 

The leceipt of a $5,000 giant fiom the Louis D Beaumont 
Foundation foi the furtheiance of leseaich in the field of 
surgical lehabilitation of heaimg at the Jewish Hospital of 
Saint Louis was announced recently by Di Ben H Sentuna, 
Dnector of the Department of Otolaiyngologv The check 
was presented to the Hospital by Mr Morton J May, Tiustee 
of the Foundation 

The suigical lehabilitation piogiam is a lecently expanded 
one, functioning on both clinical and leseaich levels It in¬ 
cludes compiehensive pie- and post-operative heaung testing, 
an evaluation of the function of the Eustachian tube, and 
surgical coirection of the pathologic changes which involve 
the eai drum, ossiculai chain and middle eai 
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simple enough Undei local anesthesia (piocame 1 pei cent) 
injected about the onfice of Stensen’s duct, the papilla is 
giasped and amputated (see Fig 10) This simple pioceduie 
exposes the stenotic duct, which is then dissected fiee fiom the 
surrounding tissue foi a distance usually of something less 
than a centimetei until its dilated portion is identified At 
this point the duct stands out conspicuously because of its 
maiked dilation The open end of the duct is then sutuied, 
with fine silk, to the sunoundmg mucous membiane in a 
mannei which exposes the duct to fiee communication with 
the oi al cavity 

Antibiotics and chemotheiapeutic agents may be used foi 
seveial days postopeiatively Healing is kindly and piompt 
Rapid legiession of paiotid swelling occuiied in the thiee 
patients heiem leported, and they have lemamed asympto¬ 
matic to date 

1 SUMMARY 

1 Ill-fitting dentuies can cause the syndiome of obstiuctive 
sialodochitis with intermittent paiotid swelling We believe 
it can be legarded a definite entity 

2 The pathogenesis and clinical pictuie aie presented with 
ladiogiaphic and histologic con elation 

3 Secietoiy sialography is useful m making the diagnosis 
and in differentiating it fiom non-obstiuctive sialectasis 

The histologic pictuie is that of stenosis, seal tissue foima- 
tion, and metaplasia of the duct epithelium, all compatible 
with tiaumatization of the paiotid papilla 
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a congenital disease m which the basic difficulty is an inborn - 
enoi of metabolism transmitted - as a sex-linked leccssive 
trait demonstiable clinically only irr males, second an ac- 
quned foim of agammaglobulinemia which occuis m either 
sex and has its onset at any age T thud aruextension of the 
neonatal agammaglobulinemia beyond the-time atr which noi- 
mal pioduction oidmarily begins In these cases, he finds a 
generalized absence of lymphoid tissue including tonsils and 
adenoids, with the lives of the patients a constant successKm- 
of bacterial infection, most frequently encountered as chionic 
lung disease, sinusitis, otitis media, pharyngitis and occa¬ 
sionally eithei a sprue-like syndiome 01 lecunent bacterial 
meningitis 

It occuned to us that m studying clinical patients, instead 
of studying the agammaglobuhnemic, much could be learned 
from the patient with hypogammaglobulinemia Electro¬ 
phoretic patterns weie perfoimed on 126 patients with chionic 
recurrent infections, which would lespond temporarily to 
antibiotics but would lecur when they weie stopped In an 
effort to keep the results piaetical, the tests weie made at 
easily available commeicial laboratories rathei than by our 
own highly specialized technicians, for while this might 
dimmish the accuracy slightly, it would provide a tool avail¬ 
able to most physicians The lesults fell into three mam 
categories the fust, consisted of 58 patients who had noi- 
mal Gammaglobulin levels, the second gioup of 24 patients, 
chiefly Navajo Indians, in which theie was a maiked increase 
in Gammaglobulin, and the third group of 44 people m which 
there was a deficiency This is a study of these cases which 
had at least a 40 to 50 pei cent deficiency 

Twenty-one patients of ours fall into the deficiency classi¬ 
fication Five have been reported previously 3 Of the 16 
subsequently found, 13 suffered with chronic pharyngitis, 
having large, raised plaques of lymphoid tissue m the pharynx 
and nasopharynx, and slight to moderate glandular adeno¬ 
pathy of the cervical chain Of the remaining, two patients 
had chronic draining ears, and the last, a sinus infection 

One of the ear pioblems had been subjected to a mastoidec- 
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A deficiency of gammaglobulin is found m certain cases of 
chionic uppei lespuatoiy infection Often, this type of piob- 
lem case will impiove while being given the appiopnate anti¬ 
biotic, only to legless into the chionic ailment when such 
medication is stopped It has been known that Gammaglobu¬ 
lin, given paienteially, will give piotection foi penods of 
thiee to foui weeks This is a lepoit of studies to see whethei 
thyioid and steioid hoimones can bung the Gammaglobulin 
back to moie normal levels with lelief of the infection 


Recently, Good 1 studied “Expenments of Natuie” to see 
w hethei an undei standing of the mechanisms of antibody and 
Gammaglobulin pioduction can be found by studying the 
chaiactenstics and adjustment of tissues m patients suffenng 
from extieme distuibances of the immunological mechanism 


His woik centeied chiefly on agammaglobulinemia which 
he feels has four caidmal featuies 1 Inci eased susceptibility 
to infection, 2 Absence of Gammaglobulin fiom the blood 
and tissues, S Absence of cnculatmg antibody fiom the 
blood and tissues, 4 Failuie of antibody pioduction m le- 
sponse to antigenic stimulation 

He lecognizes thiee f oims of this disease Fvst, Biuton's, 3 
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the pituitary, might also mciease Gammaglobulin pioduction 
It was lealized that piofound changes in lesistance aie not 
necessanly associated with eithei hypo- 01 hypei-thyioidism, 
but dysfunction of the thyioid has been 1 elated to lesistance 
thiough the above mentioned mechanisms Since the thy¬ 
roxine has been reported to mciease opsonin pioduction, 0 " 



it was felt that an iodine-containing portion of thyroid secie- 
tion would be the most desuable to use 

Sodium hothyronme (Cytomel*) was thought to be the 
most desirable iodine containing thyroid extract for the study 
Its action 6 is believed to be dnectly on the penpheial tis¬ 
sues, and immediate lesults could be expected without await¬ 
ing intermediate metabolic conveisions It is effective m 
some cases where othei thyioid hormones fail In addition, 
because of its lapidity of onset of action, symptoms of ovei- 
dose would be recognizable promptly enough foi safe with- 


* Thc „ Cytomel Was generousl> supplied b> Mr John Simon of Smith 
Kline <SL French Laboratories Philadelphia Pa 
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tomy twice, once m the Seivice 14 yeais ago, and a second 
ladical opeiation thiee yeais ago Despite the suigeiy, the 
eai continued to diam and gianulations kept foimmg veiy 
lapidly, lesistmg all attempts to lemove them One anti¬ 
biotic aftei anothei was used without benefit until the oigan- 
lsm (Pseudomonas Aeiugmosa) developed resistance An 
electiophoietic pattern of seium pioteins demonstiated the 
suspected deficiency He was given 10 cc of Gammaglobulin 
intiamusculaily eveiy foui weeks, the appiopnate dosage foi 
his weight This tieatment has continued foi a penod of 
nine months The eai has dned duiing this time, and the 
gianulations aie slowly disappeaimg He is being tieated 
with the appiopnate antibiotic m addition to this theiapy, 
but while theie weie no lesults on the antibiotic alone, the 
Gammaglobulin plus the antibiotic has so fai been quite suc¬ 
cessful It is inteiesting to note that electiophoietic studies 
still show the same deficiency piesent as existed when the 
theiapy was staited, despite the clinical improvement 

As leported a yeai ago, 3 it was found that when the anti¬ 
bodies weie not being adequately secieted, steioids might 
allow the cells, lymphocytes and/oi plasma cells to "seciete” 
letained Gammaglobulin 

Of the five cases lepoited, one has not letumed Thiee aie 
well clinically aftei leceivmg Meticortelone, 25 mgms mtia- 
musculaily eveiy thiee weeks foi seveial months They now 
letum only peilodically foi check-up The fifth is still undei 
tieatment, and still lepoits foi 25 mgms of piedmsolone 
intiamusculaily eveij^ month As long as he has this he is 
flee of sole thioat, but on the thiee occasions when he has 
omitted the tieatment, the phaiyngitis letumed, though less 
seveiely The electiophoietic pattern still shows a definite 
Gammaglobulin loss, but it is slowly letummg to normal, 
and the lvmphoid hjpeiplasia is dealing (see Fig 1) 

It occuned to us that since thyioid pioduced an mci eased 
lymphoevtosis 1 followed bv a latei paiallel mononucleai pro¬ 
duction, and mci eased piotem metabolism, it might mciease 
the cu culatmg Gammaglobulin It also w as possible that small 
doses of tlvwoid, which would enhance steioid pi eduction \ia 
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Since that time he has been given one dose of ten miciogiams 
of Cytomel foi foui days, every thiee weeks As long as this 
is taken, his eai lemams dry With colds, he is given an 
appiopnate piophylactic antibiotic Although it is lealized 
that this will not aftect the Pioteus, it is believed this will 
keep down the coccal foims which may allow the Pioteus to 


COMPOSITE SCATTERGRAPH OF 15 PATIENTS 



start spieadmg With this combination his infection has 
been kept under control foi the past eight months 

Fifteen patients with chronic pharyngitis and hypogamma¬ 
globulinemia followed the same pattern Thirteen of these 
were adults and two children, one a child of one of the adults 
The adults were maintained on ten microgiams of Cytomel 
for four days This raised then levels of Gammaglobulin 
almost to noimal (see Fig 3) This mci eased level peisisted 
for about thiee weeks and was coincident with the disappear¬ 
ance of their clinical symptoms During this period, the 
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diawal It is absoibed readily fiom the gastro-mtestmal 
tiact, and lapidly cleaied fiom the blood stieam, being moie 
loosely bound to the plasma piotems than thyioxm, hence, 
the oial admmistiation would be the most satisfactory as 
well as the most effective 

The first patient m whom the use of this diug was at¬ 
tempted was a five-yeai-old child with chionic Proteus middle 
eaz infection Here, one antibiotic aftei anothei had been 


GM, BEFORE AND AFTER CYTOMEL 



used until they had lost their capacity to destioy the infec¬ 
tion Aftei each subsequent cold, theie was a return of the 
tunning ear, until no furthei medication was available 
Electrophoiesis at this time confnmed a low serum Gamma¬ 
globulin level (see Fig 2) He was given five micrograms 
of Cytomel a day for four days without anv effect, however, 
when the dosage was raised to ten micrograms of the sodium 
hoth'vronme a day for foui davs, the Gammaglobulin was 
laised to almost normal levels, and the ear improved tre¬ 
mendously This clinical effect lasted for about three w r eehs 
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lesistance with dysthyioidism but no effect with hypo- 01 
hyperthyioidism 

Piotem bound iodine studies showed most of the levels 
within noimal limits, usually close to the highei level of nor¬ 
mal Veiy little use was found with the small doses of 
Cytomel given 



Since it is felt that the effect of hothyromne was mediated 
via the adi enal coi tical hormones, an attempt was made to see 
whethei tins action could be enhanced by giving the patient 
10 to 25 miciograms of Cytomel and five milhgiams of pied- 
msolone a day foi foui days To our dismay, the combination 
produced a lessei mciease m the Gammaglobulin than did 
eithei diug alone, confliming the findings of Summeis 9 and 
Hollendei 10 that corticostei oids do not supplement thyioid 
theiapy symptomatically It is felt that Cytomel may act 
thiough pituitary stimulation of the adienals When adienal 
hormone is also supplied, the stimulus is weakened and hence 
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geneial lassitude, fatigue and thioat soieness disappeaied 
Aftei seveial couises of the liothyiomne the lymphoid nodules 
began to dimmish in size as well as ledness The eJeetio- 
phoietic patterns taken at the end of a thiee-week penod 
usually demonstiated that the levels had diminished to the 
low piesent at the onset of tieatment The childien lesponded 
similaily to doses of five miciogiams of Cytomel a day foi 



foui days It is mteiestmg to note that of these two patients, 
a mothei and son, had demonstiated veiy similai types of 
cuive (see Fig 4) 

In tlnee cases wheie 25 miciogiams of Cytomel weie given, 
the use of the Gammaglobulin was less than with ten micio¬ 
giams (see Fig 5) It is mteiestmg to speculate why the 
lesponse is limited to a nanov band, since the Gammaglobulin 
rise is lessened on eitliei high oi low doses This seems to 
agree with the clinical finding of a con elation of lessened 
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Caiotid tumois aie not frequent, and few surgeons have 
had the opportunity of opeiatmg on any laige numbei of 
cases Small series of cases have been leported by seveial 
authois, many with an excellent leview of the hteiatuie 
Morfit and co-authois, in a lecent papei, emphasized two 
points which aie brought out in the present case report 
Fust, these tumois aie not as benign as pieviously claimed, 
and aie found to invade locally and even disseminate, provid¬ 
ing the cases aie followed long enough Second, it is often 
possible to lemove caiotid body tumors without having to 
sacrifice the laige vessels 

This “potato tumoi,” as it is sometimes called, anses fiom 
the caiotid body, a small ovoid mass found resting m the loose 
connective areolai tissue situated on the medial aspect of the 
caiotid bifuication Luschka was the fust to describe this 
small oigan, composed of an agglomeiation of lounded lobules 
sepai ated one from the othei by fibious septa containing 
blood vessels Each of these lobules is nounshed by a small 
arteriole blanching from a puncipal artery denved directly 
from the common carotid The cells aie closely related to the 
vessels and aie giouped into small nests or stiands The 
shape of the cell is valuable, a sphencal nucleus has a fine 
chiomatic network and the cytoplasm is gianulai, acidophilic 
and non-chromaffm Histologically similai non-chromaffm 
bodies or tissues are present along the aorta, the jugulai bulb, 
the ganglion nodosum, the ciliary body (m the monkey), and 
finally m the coccygeal body The caiotid is probably the 
best known of these bodies, foiming what is now referred to 
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the lesponse is pooiei Anothei possibility is that Cytomel’s 
action is a duect one on the piotem fi action tiansportmg 
the oxidation enzymes 

In summation, fuithei studies confam oui impiession of a 
yeai ago that theie aie two types of hypogammaglobulinemia 
the most common type is the one leported by Good, in which 
theie is little lymphoid tissue, the second is a numeiically 
much smallei type m which hypei ti opined lymphoid tissue 
is piesent, but wheie antibodies aie not adequately secieted 
In this lattei gioup, admmistiation of liothyionme 01 coitical 
stenod hoimones stimulates secietion of the lymphoid tissue 
The antibody libeiated contains sufficient quantity of Gamma¬ 
globulin to show an effect on the electi ophoi etic pattern 
This has usually been accompanied by clinical impiovement 
m oui small numbei of cases This senes is not laige enough 
to do moie than indicate the necessity of furthei study to 
help explain the intei-lelationship of hoimones and lesistance 
to infection, howevei, foi the clinician, it offeis a valuable 
theiapeutic tool m the aid of a small gioup of patients 
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CAROTID BODY TUMORS 
Report of One Case *f 

Fernand Montreuil, M D , 

Monti eal, Canada 

Caiotid tumois aie not fiequent, and few surgeons have 
had the opportunity of opeiatmg on any laige numbei of 
cases Small series of cases have been leported by seveial 
authois, many with an excellent leview of the liteiatuie 
Morfit and co-authois, m a lecent papei, emphasized two 
points which aie biought out m the piesent case report 
Fust, these tumois aie not as benign as pieviously claimed, 
and aie found to invade locally and even disseminate, piovid- 
mg the cases aie followed long enough Second, it is often 
possible to lemove caiotid body tumors without having to 
sacrifice the laige vessels 

This “potato tumoi,” as it is sometimes called, anses fiom 
the caiotid body, a small ovoid mass found lestmg m the loose 
connective areolai tissue situated on the medial aspect of the 
caiotid bifuication Luschka was the fust to describe this 
small oigan, composed of an agglomeration of lounded lobules 
sepaiated one from the othei by fibious septa containing 
blood vessels Each of these lobules is nounshed by a small 
arteriole blanching from a puncipal artery denved dnectly 
from the common caiotid The cells aie closely related to the 
vessels and aie giouped into small nests 01 stiands The 
shape of the cell is variable, a sphencal nucleus has a fine 
chiomatic netwoik and the cytoplasm is granular, acidophilic 
and non-chiomaffm Histologically similai non-chi omaffm 
bodies 01 tissues are present along the aorta, the jugular bulb, 
the ganglion nodosum, the ciliary body (m the monkey), and 
finally m the coccygeal body The caiotid is probably the 
best known of these bodies, forming what is now lefened to 
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as the "ehemoi eceptoi system ” The physiology of this 01 gan 
is not as yet well undeistood Its pathology appeals to be 
limited to tumoi foimation only 

The piesence of a mass 01 lump m the neck may, foi a long 
time be the one and only symptom of a caiotid body tumoi 
The mass has usually been piesent and slowly glowing foi a 
penod of five to six yeais befoie the patient consults In a 
senes of cases lepoited by Hendnck, the aveiage duiation of 
symptoms was eight yeais befoie patients sought lehef The 
tumoi is a slowly gi owing one It is deeply situated in the 
iateial poition of the neck, undei the stemo-mastoid muscle, 
at the level of the caiotid bifuication The tumoi is lound 01 
ovoid, fnm to palpation and is not fixed to the skin It is 
neithei painful noi tendei It has been lepoited as being de- 
pi essible and as tiansmittmg pulsations It is movable in a 
Iateial but not m a veitical d nection, and does not move on 
swallowing As it mcieases m size the tumoi may glow 
medially and pioject into the phaiynx, 01 glow up and extend 
to the base of the skull Bulging of the phaiyngeal wall was 
found to be a piesenting symptom in a good numbei of cases, 
and m one leported by Hendnck, was such as to intei feie 
with swallowing The tumoi is usually unilateial, although 
bilateial cases have been leported Symptoms due to com- 
piession of sunoundmg stiuctuies aie next m fiequency 
Piessuie on the lecunent laiyngeal neive, the vagus, the 
ceivical sympathetic, the hypoglossal, the pluenic and the 
ceivical plexus, causing conespondmg paiesis 01 paialysis, 
have all been lepoited In the piesent case the Vllth, VUIth, 
IXth, Xth, and Xlth cianial neives weie all involved It is 
unique m this lespect, as no othei case ivas found m the 
available hteiatuie in which so many neives weie affected 

Giossly, a caiotid tumoi is a film, leddish-biown, lobulated 
mass of vanable size stuiounded by a capsule 

Histologically, Masson states that the tumoi veiv closely 
lepioduces the aichitectuie of a noimal caiotid body The 
glandulai lobules sepaiated bj fibious septa containing vessels 
aie mci eased, not onh m numbei but also in size This ex¬ 
plains the veix maihcd vasculantv of these tumoi s and the 
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piofuse hemonhage with which then leraoval is always ac¬ 
companied It would appeal as a hypei plasia, and foi this 
leason it has once been suggested that these tumois be called 
“goiteis of the caiotid body” (Dietuch and Siegmund) (see 
Figs 1 , 2 , 3 ) 

The tumoi is encapsulated, with the secondary nodules in 
turn, also encapsulated Long stiands of cells aie sepaiated 



Fig- 1 Microphotograph of carotid paraganglioma showing a well de¬ 
fined capsule X48 


fiom one anothei by conjunctival septa, often piesentmg 
hyaline degeneiation The cellular nests, oi stiands, are 
themselves divided into nanow tiabeculae by a very fine con¬ 
junctive-vasculai system The cells are polygonal, with a fine 
gianulai cytoplasm and a compai atively small nucleus, winch 
is hypei-chiomatic One or two acidophilic nucleoli are often 
seen Two histological patterns are described, the alveolai 
and the pei itheliomatous, in which the cellulai units are 
smallei and moie inegulai than m the alveolai pattern 

Masson consideis most of these tumois benign but at the 
same time descubes a malignant form, which he considers 
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of low giade malignancy but capable of local and legional 
invasion Hamngton and co-authois, m then leview of 20 
cases, lepoited evidence of malignancy m ten, as shown by 
active mitotic figuies, cellulai vanations, giant cells and by 
invasion of the capsule Then cuteiion of malignancy is 
based on histological findings only, and not substantiated by 
follow-up 01 post-mortem examination On the othei hand, 
Pettet and co-authois, aftei leviewmg 314 cases found m the 



Fig 2 Cellular strand or nests are seen to be separated from one an¬ 
other bj fibrous septa X60 

hteiatuie and 47 cases tieated at Mayo, came to the con¬ 
clusion that these tumois weie veiy larely malignant Gooi- 
maghtigh and Pattjn leport two cases, one of which was 
malignant with metastases m the cervical, mediastinal and 
letio-pentoneal nodes, the lungs and lumbai vertebiae, pi oven 
at autopsy It can be concluded that there is no uniformity 
of opinion in regard to the malignancy of these tumois It 
is hoped that with time and a pioper follow-up of operated 
and non-operated cases, a bettei undei standing of carotid 
bodv tumois will result 

The diagnosis of a carotid bodj tumoi is not an eas\ one 
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to make and few pie-opeiative diagnoses have been made 
The history of a slowly gi owing, non-tendei mass m the 
lateial portion of the neck, at the level of the caiotid bifui ca¬ 
tion, movable in a lateial and not m a vertical dnection, 
should make one suspect this type of tumoi Aspnation 
biopsy has been lecommended, but is not without dangei, and 
is very often inconclusive 



Fig: 3 Higher magnification showing cellular details the Cj toplasm 
Is granular acidophilic and non-chromaffin The nucleus Is spherical and 
presents a fine chromatic network X41S 


Caiotid body tumors do not lespond to ladiation theiapy 
and the treatment lemains a suigical one Until lecent 
yeais the indication and advisability of suigical removal was 
often questioned because of the high mortality and moibidity 
associated with the ablation of these tumois, particularly 
when excision of the caiotid arteiles became necessary It 
has now been shown that a gieat numbei of these tumois 
can be lemoved without mjuiy to the vessels, if a careful 
dissection is done along the seiosal plane of the arteries con¬ 
cerned, furthei moi e, i\hen it becomes necessaiy to include 
the caiotids along with the specimen, anastomosis 01 arterial 
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giafts have been found quite successful m i educing this high 
moitahty late This question is well discussed by Conley 
and otheis 

A 53-yeai-old male was lefeued by the Rehabilitation Cen- 
tei in Apul, 1954, foi a laiyngeal examination pnoi to vocal 
tiammg, which had been lecommended because of a hoaise- 
ness of some yeais standing The histoiy of this patient’s 
complaints is long and complicated, but most intei esting, and 
I shall buefly summanze it chionologically as follows 

In 1950 the patient fust complained of hoarseness and saw 
a physician, who told lum that he had an enlaiged light tonsil, 
foi which he lecommended some ten tieatments of deep ladio- 
theiapy No change m eithei the hoaiseness oi the size of the 
light tonsil lesulted 

In 1951 the tonsils weie lemoved, and it was then lealized 
that the light tonsil was not enlaiged but was being pushed 
foiwaid and medially by some extimsic mass Histological 
examination of the tonsil at this time did not leveal any 
pathology 

Shoitly following tonsillectomy the patient noted a small 
swelling behind the angle of the jaw Accoidmg to the pa¬ 
tient, this mass has vaned fiom day to day until the piesent 
time 

Foui oi five months latei the patient’s voice became lowei 
m pitch and less poweiful He also began having difficulty 
swallowing and lepoited that he would have fiequent choking 
spells 

In 1952 weakness of the light shouldei and light arm 
weie noted, and wasting of the stemo-mastoid and shouldei 
muscles quickly set m At the time of consultation the patient 
stated that heai mg m the l lght eai had been deci easing foi 
the last six months or so 

X-ia\s of the chest in 1951 veie lepoited as negative 

Examination (Apnl 21, 1954) 

The patient is a veil developed and veil nounshed vlntc 
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male of about stated age He talks m a somewhat monoton¬ 
ous and muffled voice winch definitely lacks 'volume Wast¬ 
ing of the stemo-mastoid and shouldei muscles on the light 
is quite apparent 

Ears —Canals aie normal Healed perforation in both 
diums 

Nose —The septum is straight Mucous membiane is noi- 
mal m appealance and no secietions aie to be seen 

Nasopharynx —Theie is a smooth bulging of the light 
lateral nasopharyngeal vail with loss of all landmaiks The 
mucous membrane covering this mass is normal m appear¬ 
ance 

Oropharynx —Dentines The tongue is normal in appear¬ 
ance and mobility The tonsils haie been removed and the 
light tonsillai fossa is seen to bulge forward and medially 
This bulging 01 mass is continuous with that noted m the 
nasophaiynx The soft palate on the light side and the uvula 
aie deviated to the left Theie is no gag reflex 

Larynx —The right coid is paialyzed m abduction, other¬ 
wise the larvnx is normal There is considerable pooling of 
secietions m the right pyriform sinus 

Neck —A maiked atiophv of the stemo-mastoid and trapezi¬ 
us muscles on the light side is noted A firm mass can be 
palpated behind and below the angle of the jaw This mass, 
best palpated bv bidigital palpation, is continuous with the 
mass noted m the 010 and nasopharynx It is firm, non-tendei 
and gives the impiession of yerv slight mobilization m a 
lateial dnection 

A tentatiy e diagnosis of tumoi of the neck, probably mixed 
tumoi, with paialvsis bj piessuie of Vintb, IXth, Xth, and 
Xlth ciamal nerves is made The patient is requested to come 
to hospital for furthei investigation and lemoval of tins mass 

The patient v as admitted toNDH (4666) on Mav 2, 1954, 
and following examinations obtained 

Audiometric —Total loss of hearing on the right 
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giafts have been found quite successful m reducing this high 
mortality late Tins question is well discussed by Conley 
and otheis 

A 53-yeai-old male was lefened by the Rehabilitation Cen¬ 
ter m Apnl, 1954, foi a laiyngeal examination pnoi to vocal 
tiaming, which had been lecommended because of a hoaise- 
ness of some yeais standing The histoiy of this patient’s 
complaints is long and complicated, but most intei estmg, and 
I shall buefly summaiize it chionologically as follows 

In 1950 the patient first complained of hoarseness and saw 
a physician, who told him that he had an enlaiged light tonsil, 
foi which he lecommended some ten tieatments of deep iadio~ 
theiapy No change m eithei the hoaiseness oi the size of the 
light tonsil lesulted 

In 1951 the tonsils weie lemoved, and it was then lealized 
that the light tonsil was not enlaiged but was being pushed 
forwaid and medially by some extnnsic mass Histological 
examination of the tonsil at this time did not leveal any 
pathology 

Shortly following tonsillectomy the patient noted a small 
swelling behind the angle of the jaw Accoidmg to the pa¬ 
tient, this mass has vaned fiom day to day until the piesent 
time 

Foui oi five months latei the patient’s voice became lowei 
m pitch and less powerful He also began having difficulty 
swallowing and leported that he would have fiequent choking 
spells 

In 1952 weakness of the light shouldei and light aim 
weie noted, and wasting of the stemo-mastoid and shoulder 
muscles quickly set m At the time of consultation the patient 
stated that heaung m the right eai had been deci easing foi 
the last six months oi so 

X-iays of the chest m 1951 weie leported as negative 

Examination (Apnl 21, 1954) 

The patient is a well developed and well nounshed white 
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was obvious that we weie dealing, not with a mixed tumoi 
but probably with a glomus tumoi, because of its locality and 
its very maiked vaseulanzation The lowei limit of the mass 
was at the level of the caiotid bifui cation, and supenoily it 
extended to the base of the skull, vheie a lound smooth 
eiosion measuring about 1\ cm m diametei could be felt with 
the examining fmgei The tumoi appealed to have originated 



Fig - 4 X-ra> of the base of the sKull shows a smooth erosion of the 
right petrous p^ ramid at the le\el of the jugular foramen. The internal 
auditorv meatus has been completely destroi ed 


postenoil} to the internal caiotid aitery, aiound which it 
had extended and sunounded it lateially and partially coveied 
its antenoi n alls It was very closely connected to the arterv 
by numeious fibio-vasculai bands, which took on pedicle-like 
pioportions m its posteio-mfenoi, mfenoi and antei o-super- 
lor aspects 

By a latliei labonous blunt and shaip dissection, always 
attended by considerable oozing, the mass was finally liber¬ 
ated, except foi its antei o-supenoi attachments Piolonged 
efforts to flee the mass at the base of the skull bv fmgei 
dissection being unsuccessful, a tonsil snare was caiefulli 
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Vestibiilai —Complete loss of function of the light 

Blood —RBC, 4,775,000, WBC, 8,250, Hmg, 97 Diffei- 
ential within normal limits 

Uiea and blood glucose normal 

Bleeding and clotting times noimal 

Unnalysis normal 

Newological Consultation (Di L Rmfiet) Paialysis due 
to piessuie by ceivical tumoi of Vlllth, IXth, Xth and Xlth 
cianial neives Some fibiillations of the light side of the 
face aie noted, right facial weakness is suggested 

Radiological Examination, May 12 Lungs are normal 
(C37389) Ciamum and cervical legion “Presence of a 
soft tissue mass bulging into the light side of the nasopharynx, 
which extends upwaids thiough the base of the skull, into 
which it has pioduced a laige defect postenoi to the petious 
pyiamid at the level of the jugulai foiamen, fuitheimoie, 
theie is eiosion of the postenoi boidei of the pyiamid with 
complete destiuction of the internal auditory meatus This 
destiuction does not involve the cochlea but has markedly 
thinned out the petious bone This eiosion extends postenoily 
to the occipital foiamen We aie dealing with a laige erosion 
with well defined contouis It has the appeal ance of a 
destiuction by piessuie, most piobably by a benign tumor 
The jugulai bulb is most pi obably involved by the tumoi We 
can definitely say that the Vlllth cianial neive is involved, 
as aie the nerves above oi postenoi to the Vlllth This is a 
nasopharyngeal lesion which has invaded the postenoi fossa 
by destiuction of the occipital bone and the petious pyiamid 
Theie aie no signs of mcieased mtia-ciama] piessuie oi of 
pathological calcifications,” Di Legei (see Fig 4) 

Suigery was perfoimed under geneial penthothal anesthesia 
on May 11, 1954 Thiough a laige honzontal incision the 
mass was exposed aftei mobilization of the flaps and the 
stei no-mastoid muscle, which was leflected backwaid Over- 
lying the tumor a small lymph node was removed and found 
to be normal on frozen section Aftei exposing the mass it 
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tip and piobably also involving the flooi of the middle fossa, 
theie vas no evidence of phaiyngeal 01 naso-phaiyngeal mass 
Di Rmfiet, the neuio-suigeon, who had seen this patient 
pnoi to opeiation tlnee jeais befoie, was called m on con¬ 
sultation Arteilogiaphv of the light caiotid arterv was 
imsuccessful, but the left caiotid artery was injected with 



Fij? 6 X-rn\ of the base of the ahull showing complete destruction of 
the rlgrht petrous p\ ramid 


Hvpaque and showed nothmg abnormal Theie was reflux 
of the dye into the light carotid and it was concluded that 
this one was piobably occluded at the level of the petrous 
bone (see Figs 6, 7) 

On Octobei 18th, a venti iculographv was um e\ eahng, and 
it vas thought that the destructive process imolving the 
petrous bone did not extend mtra-cramally A right sub- 
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insetted as high as possible and the tumoi was snaied off 
Examination of the specimen levealed an intact capsule 
Dunng the opeiation, which the patient withstood without 
ill effects, 1000 cc of glucose and 1000 cc of'blood weie given 
The post-opeiative couise was essentially uneventful and the 
patient was dischaiged from the hospital one week aftei 
suigeiy Pathology leported a softish, flattened 2 5x5x4 cm 
well encapsulated mass, which histological section levealed 
to be a caiotid body tumoi (see Fig 5) 



Fig 5 The Burglcnl specimen measured 2 5x5x4 cm and v as surround¬ 
ed b\ an intact capsule 


Thiee months aftei opeiation the patient leported some 
impiovement m the movements of his aim, but all othei 
paialyses lemamed the same Theie was nothing to note on 
pel iodic check-ups until Octobei, 1957, at which time he le- 
poited that a light facial paialysis had giadually set m dunng 
a penod of one month 

The patient was admitted to the hospital foi furthei in¬ 
vestigation Externally, theie was no evidence of recuiient 
tumoi mass X-iays of the base of the skull showed com¬ 
plete destiuction of the light petious pyiamid, extending to its 



Fig 11 Base of the skull viewed intra-craniall\ The right petrous 
pyramid has been completely replaced by tumor 
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occipital ciamotomy was then peifoimed by Di Rmfiet 
Aftei easy letxaction of the light ceiebellum a veiy hemoi- 
lhagic mass was exposed and as much of it as possible was 
lemoved This tumoi pioved to be caiotid body tumoi and 
showed the same histological pattern as the ceivical tumoi 
excised thiee yeais befoie except that m the piesent specimen 



Fig- 7 PA iie\\ shot\ lug destruction of the petrous bone 


theie was definite capsulai invasion (see Fig 8) The pa¬ 
tient nevei fully legamed consciousness following suigery 
and died seven days latei Post-mortem examination was 
most levealmg The immediate cause of death was due to 
an mfaict of the left postenoi myocaidium Examination 
of the base of the skull and the biam showed extensive in¬ 
vasion of the petious bone and the light ceiebellum The 
diametei of the petious bone was enlaiged throughout, and 
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The loss of function of the ciamal neives was slow and 
giadual, as shown by the complete loss of mnei eai function 
without the patient having complained of subjective vestibulai 
symptoms at any time The ciamal neives weie at fust 
piobably involved through compiession and not mfiltiation 

Although somewhat tedious, the ceivical mass was lemoved 
v ith an intact capsule without injury to the caiotid arteries 

Thiee years Iatei extensive tumoi formation was found to 
have destioyed all the petious bone and invaded the light 
cei ebellum w ith a minimum of symptoms 

Both artei logi aphy and venti lculography pioved to be most 
misleading m this case 

The tumoi was locally malignant and invasive but did not 
metastasize Its giowth was slow and destiuctive and piob¬ 
ably extended ovei a period of moie than seven years 

It is difficult to believe that the inti a-peti osal and mtra- 
cianial tumois weie an extension of the cervical tumoi, as 
this one had been lemoved with a complete and intact capsule 
Multiple paiagangliomas have been leported, and it is not 
unlikely that m the piesent case two independent tumors, 
one ansmg fiom the caiotid bodv and one mtia-cianial tumor 
taking oiigm from mtia-petiosal non-chiomaffm bodies de¬ 
veloped 

Photographs were taken bv the Cancel Institute, Notre- 
Dame Hospital, Di L C Simard, Director 
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grossly appealed to have been completely leplaced by tumoi 
The petious bone is being piocessed foi senal sections It 
was impossible to fiee the light ceiebellum because of its 
invasion by tumoi measuimg 5x2 5 cm The light ceiebellai 
tonsil was defoimed and the left one herniated The bulbai 
legion was noimal Dissection of the light caiotid aitery, 



Fig 10 The brain viewed from below A large tumor mass has Invaded 
the right cerebellum 

which has been thought to be thrombosed, levealed it to be 
patent thioughout (see Figs 9, 10) 

Many points aie of mteiest m this unusual case Four 
yeais had elapsed fiom the time the patient fust complained 
of hoaiseness to the time the ceivical mass was lemoved 

During this penod foui ciamal neives became involved as 
the tumoi giew up and caused piessuie and eiosion at the 
base of the skull 
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Theie has been consideiable mciease m mteiest concerning 
closuie of cential tympanic perfoiations m the past several 
years The advantages of closing a perfoiation aie as follows 

1 Improvement m healing is usualh obtained The de- 
giee of impiovement to be anticipated can be estimated by 
comparing the initial audiometric test level with that obtained 
bv placing a papei patch oiei the perfoiation In some in¬ 
stances the heanng level obtained by closuie exceeds that 
obtained bv patch application 

2 The patient can toleiate getting watei m the eai—per¬ 
mitting swimming, showeis, etc 

3 Recunent otonhea is unlikely to occui dui mg respna- 
tory infections 


Closure tieatment should be attempted m all drv central 
perforations m which a complete maigmal run exists The 
ear should be diy foi seveial weeks before closuie is at¬ 
tempted There should be no evidence of chiomc middle ear 
or attic disease such as gianulations, cholesteatoma debris or 
squamous epithelium invasion on the promontory The Eus¬ 
tachian tube should be inflatable 


Older methods of perfoiation closuie consisted of repeated 
maigmal chemical cautery and the application of some type 
of patch In 1949 Dunlap and Schuknecht 1 reported their 
results m treating cential perforations by means of repeated 
cautery and the daily instillation of a few dip ps of saturated 
solution of mea Of 20 perfoiations so treated, 11 had been 
closed with an average of 18 treatments each Six were still 


I^rvrigoloElcaf amwiJISL 0 ? t , 1 rf s ° ut bern Section American Rhlnological 
Fmtnr. v^ and OtoloKlcal Society Memphis Term Jan. 26 1«5S 

accepted fJr^ublT^tlo^Feb^O * n The • Lar ' "Soscope Office and 


1207 



1206 


MONTREUIL CAROTID BODY TUMORS 


Hendrick, James W Carotid Body Tumors Surg, 31 385 1952 

Lahey, Frank, and Warren, Kenneth W Tumors of the Carotid Bod\ 
8 O and 0 , So 281, 1947 

MacComb, W S Caiotid Body Tumois Aim Surg , 127 269, 1945 

Masson, P Tumeurs Humaines, Histoiogie, Diagnostics et Techniques 
Librairle Ualoine, 2I6me ed , page 901 

Morfit, H M, Sm \n, H, and Tailor, E R Caiotid Body Tumois 
Arch Surg , 67 194, 1953 

Pettet, J R , Woolner, L B , and Judd, Jr , E S Carotid Body 
Tumors Ann Sing, 137 465, 1953 

1123 St Joseph B]vd East, Monti eal 


SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

The next joint annual meeting' of the North Caiohna Eye, 
Eai, Nose, and Thioat Society and the South Carolina Society 
of Ophthalmology and Otolaryngology will be held m Asheville, 
N C , on September 14-17, 1958, at Giove Paik Inn An ex¬ 
cellent piogiam is m the making The following guest oph¬ 
thalmologists will be piesent Di James A C Wadsworth, 
New Yoik, N Y , Di Arthui Geiaid DeVoe, New Yoik, 
N Y , and Di Fiank B Costenbadei, Washington, D C 
The following guest otolaiyngologists will be piesent Di 
F W Davidson, Danville, Pa, and Di Tom Rambo, New 
Yoik, NY A thud otolaiyngologist will be announced m 
the neai futuie A good attendance is anticipated 

Foi furthei information wnte dnectly to Di Geoige Noel, 
c/o Caban us Bank Bldg, Kannapolis, N C , oi Di Rodenck 
Macdonald, 330 East Mam St, Rock Hill, S C 
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Oldei methods of perforation closuie consisted of repeated 
maigmal chemical cauteiy and the application of some type 
of patch In 1949 Dunlap and Schuknecht 1 leported then 
lesults m tieating cential perfoiations by means of lepeated 
cauteiy and the daily instillation of a few dio ps of saturated 
solution of uiea Of 20 perforations so treated, 11 had been 
closed with an average of 18 treatments each Six were still 
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was decided to xelv laigelv upon maiginal mechanical tiauma 
to maintain an aetrve boidei The lnflanunatoiv leaction 
is created by having the patient instill foui diops of a uiea 
bone acid solution m the eai canal twice daily Uiea solution 
was fust used foi this purpose bv Dunlap and Schuknecht 1 
Linn 3 used Euthvmol as an lintant solution 

The addition of the use of loupe magnification m earning 
out maiginal treatment enabled me foi the fust time to ap¬ 
preciate what was taking place at the edge of the perfoiation 
Loupe magnification is absolutely essential Befoie anv tieat- 
ment is initiated, the maigin of the peifoiation usually pie- 
sents a beaded or lounded edge Whethei the stiatified 
squamous epitlielium extends beyond the mnei edge of the 
margin cannot be determined on external inspection Visible 
decrease m the size of the perfoiation does not occur until 
theie is hvpeiemia of the tvmpamc membiane and a pink 
granulai perfoiation maigin The outei edge of the peifoia¬ 
tion then loses the “beaded” appealance somewhat 

I first attempted to pioduce a tiaumatized perforation 
maigin by senatmg the edge with a mvnngotomv knife point 
Occasional actrutv was produced, but the results weie not 
superior to the use of cautery After considerable tiial and 
enoi a maiginal e\eision technique was evolved Special 
cuiettes and hooks aie used for tins puipose At the initial 
maiginal tieatment the curette edge is placed just within the 
perfoiation edge and brought out with fanlv xigoious pies- 
sure against the maigin The basic objective is to evert the 
maiginal epithelium and leave the substantia piopua exposed 
to start gianulations Perforations which heal with lathei 
vasculai gianulation formation seem to be less inclined to 
piesent an atropluc tlun diurn when healed than do those 
which have only minimal granulation formation In the 
healing piocess, the squamous epithelium sometimes seems 
to glow fastei than the granulation tissue and again grows 
inward o\er the edge, thereby impeding further closuie 
progiess Gianulations then accumulate behind the perfora¬ 
tion maigm on the tvmpamc side Exerting the epithelium 
and “rolling” the granulation tissue outward into the plane 
of the perforation lealigns the tissues so that closure again 
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undei tieatment and thiee faded to show any evidence of 
healing In 1953 Deilacki 2 reported a modified veision of a 
method of tieatment ongmally descubed by Linn 3 He ie- 
poited appioximately 70 to 75 pei cent closuies The aveiage 
numbei of tieatments foi those m which closuie was ac¬ 
complished was 14 6 Myi mgoplasty 4 techniques have been 
evolved m the past few yeais, because office closuie treat¬ 
ment was lathei piolonged and, even if continued a yeai oi 
two, still left a sizeable numbei of failuies 

Dunlap and Schuknecht 1 descube the histopathologj r at the 
pei foration maigm as follows 

“The piocess of dium repaii stops when the moie haidy, 
vapidly growing stratified squamous epithelium of the ex¬ 
ternal surface of the dium glows ovei the perfoiation edge 
and meets the pseudostiatified columnai or cuboidal mucous 
membiane of the middle eai Destiuction of the perfoiation 
maigm with acid lemoves this epithelial bamei and, by tissue 
destiuction incites an mflammatoiy healing lesponse in the 
dium maigm Fibioblastic piohfeiation m the middle layei 
of the gianulatmg maigm is lesponsible foi the laying down 
of mteilacing fibeis of collagen The epithelium glows ovei 
the perforation m four days to a week, and must be lepeat- 
edly destioyed When collagen fibeis aie completely foimed 
they shorten The sin inking of this cnculai band of mtei- 
woven collagen fibeis may facilitate closuie by puise stung 
action ” 

Two clinical facts have been known foi many yeais con¬ 
cerning the healing of tympanic peifoiations The fust is 
that many fiesh tiaumatic peifoiations will fiequently heal 
lathei piomptly Second, healing is sometimes acceleiated 
if theie is some secondaiy tympanic infection It, theiefoie, 
seemed logical that closuie tieatment should mcoipoiate these 
two basic punciples, i e , maintaining a law, tiaumatized pei- 
foiation maigm and, by means othei than infection, pioduc- 
mg the equivalent of an mflammatoiy leaction The objec¬ 
tion to using lepeated chemical cauteiy, once the healing 
piocess is initiated, is that the piolifeiative maigm is partially 
destioyed each time cauteiy is applied Foi this leason it 
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vras decided to lelv laigely upon marginal mechanical tiauma 
to maintain an actne bolder The inflammatory reaction 
is cieated by ha\ mg the patient instill foui drops of a urea 
bone acid solution in the eai canal twice dailv Urea solution 
was fust used foi this purpose bv Dunlap and Schuknecht 1 
Linn 3 used Euthymol as an lmtant solution 

The addition of the use of loupe magnification in earning 
out maigmal treatment enabled me foi the first time to ap- 
pi eciate what was taking place at the edge of the perforation 
Loupe magnification is absolutely essential Befoie any tieat- 
ment is initiated, the maigm of the perfoiation usually pie- 
sents a beaded or 1 ounded edge Whethei the stratified 
squamous epithelium extends beyond the mnei edge of the 
margin cannot be determined on external inspection Visible 
deciease m the size of the perfoiation does not occur until 
there is hyperemia of the tympanic membiane and a pink 
granulai perfoiation maigm The outer edge of the perfoia¬ 
tion then loses the “beaded” appeal ance somewhat 

I first attempted to pioduce a tiaumatized perforation 
margin by serratmg the edge with a myringotomy knife point 
Occasional activity* was produced, but the results weie not 
superior to the use of cautery After considerable trial and 
eiroi, a marginal e\ ersion technique was e\ olved Special 
cuiettes and hooks are used foi tlus purpose At the initial 
maigmal treatment the curette edge is placed just within the 
perfoiation edge and brought out with fairlv vigoious pies- 
sure against the maigm The basic objectne is to e\ert the 
marginal epithelium and leave the substantia propria exposed 
to start gi anulations Perfoiations which heal with lathei 
xasculai granulation formation seem to be less inclined to 
piesent an atrophic thin dium when healed than do those 
which hare only minimal granulation formation In the 
healing process, the squamous epithelium sometimes seems 
to grow faster than the granulation tissue and again grows 
mwaid oier the edge, theieby impeding furthei closuie 
pi ogress Granulations then accumulate behind the perfora¬ 
tion margin on the tvmpamc side Exerting the epithelium 
and “rolling” the granulation tissue outward into the plane 
of the perforation realigns the tissues so that closure again 
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undei treatment and thiee faded to show any evidence of 
healing In 1953 Deilacki 2 leported a modified veision of a 
method of tieatment ongmally descnbed by Linn 3 He le- 
poited appioximately 70 to 75 pei cent closuies The aveiage 
numbei of tieatments for those m which elosuie was ac¬ 
complished was 14 6 Myi mgoplasty 4 techniques have been 
evolved in the past few yeais, because office elosuie treat¬ 
ment was lathei piolonged and, even if continued a yeai oi 
two, still left a sizeable numbei of failuies 

Dunlap and Schuknecht 1 descube the histopathology at the 
perforation maigin as follows 

“The piocess of dium lepan stops when the moie haidy, 
vapidly glowing stiatified squamous epithelium of the ex¬ 
ternal surface of the dium glows ovei the peifoiation edge 
and meets the pseudostiatified columnai oi cuboidal mucous 
membiane of the middle eai Destiuction of the peifoiation 
maigin with acid lemoves this epithelial bamei and, by tissue 
destiuction incites an mflammatoiy healing lesponse in the 
dium maigin Fibioblastic piohfelation m the middle layei 
of the gianulatmg maigin is lesponsible foi the laying down 
of inteilacing fibeis of collagen The epithelium glows ovei 
the peifoiation m foui days to a week, and must be lepeat- 
edly destioyed When collagen fibeis aie completely foimed 
they shorten The shi inking of this cnculai band of intei - 
woven collagen fibeis may facilitate elosuie by puise stung 
action ” 

Two clinical facts have been known foi many yeais con¬ 
cerning the healing of tympanic perfoiations The fust is 
that many fiesh tiaumatic perfoiations will fiequently heal 
rathei piomptly Second, healing is sometimes acceleiated 
if theie is some secondaiy tympanic infection It, theiefoie, 
seemed logical that elosuie tieatment should mcoipoiate these 
two basic pi maples, i e, maintaining a law, tiaumatized per- 
foiation mai gin and, by means othei than infection, pioduc- 
mg the equivalent of an mflammatoiy leaction The objec¬ 
tion to using lepeated chemical cauteiy, once the healing 
piocess is initiated, is that the piohfeiative maigin is partially 
destioyed each time cauteiy is applied Foi this leason it 
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covei the perfoiation margin and the adjacent outei surface 
of the tympanic membrane In one instance some of the 
anesthetic leached the middle eai, and a short penod of 
vertigo followed Complete anesthesia is difficult to obtain 
neai the malleus and neai the tympanic ling 

2 Treatment of Pet foi ation Mai gin. 

On the initial maigmal treatment, I have used chemical 
cauteiy on only a few In the majority, the maigmal eveision 
technique was used In one instance (Eai No 2) a combina¬ 
tion of cauteiy and maigmal cuiettage was used The com¬ 
bination may be bettei as an initial tieatment than eithei 
method by itself Fuithei clinical expenence will be neces¬ 
sary on this point 

On all follow-up tieatments the maigmal eveision method 
was used exclusively as soon as the maigm became “active” 
If the margin has a fine gianulai appeal ance and the some¬ 
what giay epithelial layei is not gi owing mwaid, only gentle 
eveision and “fieshemng” of the gianulai tissue is earned 
out with the cuiette No attempt is made to cut out granu¬ 
lation tissue If the epithelium is gi owing mwaid ovei the 
edge, the maigm again has a moie fnm, “i oiled m” appeal- 
ance, and the epithelial layei is then everted with the cuiette 
and hook Gianulation tissue on the inner surface is eveited 
Some bleeding ensues, but tins is not lemoved, as a blood clot 
may serve as somewhat of a matiix foi connective tissue 
growth acioss the perfoiation 

Wien the perfoiation extends to the edge of the malleus, 
the edge of the pais tensa seems to wiap partially around 
the malleus handle and is sepaiated fiom the malleus by 
means of the cuiette and hook This flees the edge of 
the tympanic membiane and facilitates the start of granula¬ 
tion tissue formation In eai No 8 a large gianulai mass 
foimed aiound the end of the malleus aftei a few tieatments, 
and the progress of healing was very lapid theieaftei 

S Placejnent of Cottonoid ® Patch 

In the Linn treatment, a small piece of cotton was fashioned 
into a pad and placed against the tympanic membiane It 
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piogi esses In geneial, the gi anulations should be everted 
rathei than cut away Theie may be occasional exceptions 
on which comment will be made undei the discussion of cases 

MARGINAL EVERSION TECHNIQUE 

1 Anesthesia 

Adequate anesthesia of the peifoiation maigm is essential, 
as the maigmal manipulations aie too painful to be toleiated 



Fig - 1 A wide aperture Boucheron ear speculum Is preferred Intru- 
ments Nos 1 and 2 are special 00 curettes with special angles to permit an 
unobstructed \iew while working The ring is sharp on both sides (Storz) 
Nos 3 and 4 are sharp right angle hooks (V Mueller) No 5 Is a Daj ear 
hook A small standard alligator forceps Is used to place the cottonold 
patch in the ear canal 


without anesthesia Block injection anesthesia such as is 
used foi stapes mobilization was not entnely effective and, 
furtheunoie, is not piactical as a lepeated office pioceduie 
Aftei tiying vanous piepaiations I found Bonam’s solution 
the most effective, but was somewhat hesitant to use this 
preparation because of its slightly caustic natuie, apparently 
it is well toleiated Pei haps a minimal degiee of chemical 
nntation acceleiates the desued inflammatory action Just 
enough is applied with a small cotton-tipped appheatoi to 
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covei the perfoiation maigm and the adjacent outei surface 
of the tympanic membiane In one instance some of the 
anesthetic leached the middle eai, and a short penod of 
vertigo followed Complete anesthesia is difficult to obtain 
neai the malleus and neai the tympanic ling 

2 Treatment of Per for atron Mar gnu 

On the initial maigmal tieatment, I have used chemical 
cautery on only a few In the majontv, the maigmal eveision 
technique was used In one instance (Eai No 2) a combina¬ 
tion of cauteiv and maigmal cuiettage was used The com¬ 
bination may be bettei as an initial tieatment than eithei 
method by itself Furthei clinical expenence mil be neces¬ 
sary on this point 

On all follow -up tieatments the maigmal eveision method 
was used exclusively as soon as the maigm became “active” 
If the margin has a fine gianular appeal ance and the some¬ 
what giav epithelial layer is not gi owing inwaid, only gentle 
eveision and “fieshemng” of the gianulai tissue is carried 
out with the cuiette No attempt is made to cut out gianu- 
lation tissue If the epithelium is glowing mwaid ovei the 
edge, the maigm again has a moie fnm, “lolled in" appeai- 
ance, and the epithelial layei is then everted with the cuiette 
and hook Gianulation tissue on the mnei surface is eveited 
Some bleeding ensues, but this is not l emoved, as a blood clot 
may serve as somewhat of a matiix foi connective tissue 
giowth acioss the perfoiation 

When the perfoiation extends to the edge of the malleus, 
the edge of the pais tensa seems to wrap paitially aiound 
the malleus handle and is sepaiated fiom the malleus bv 
means of the cuiette and hook This flees the edge of 
the tympanic membiane and facilitates the start of granula¬ 
tion tissue formation In eai No 8 a large gianular mass 
formed aiound the end of the malleus after a few tieatments, 
and the progiess of healing was very lapid thereaftei 

3 Placement of Cottonoid ® Patch 

In the Linn tieatment, a small piece of cotton was fashioned 
into a pad and placed against the tympanic membiane It 
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seemed that the lounded contom of the pad would tend to m- 
veit the epithelial edge and impede piogiess of the gianulation 
activity Consequently I have used a flat compiessed cotton 
piepaiation known as Cottonoid ® The commeicial piepaia- 
tion is lathei thick and is split m half A piece is cut out 
to appioximate the size of the tympanic membiane It is 
moistened with the uiea-boiie acid diops m oidei to make the 
patch moie flexible, and is then placed against the dium with 
an alhgatoi foiceps With a small blunt Day eai hook it is 
piessed against the entne membiane, caie being taken not to 
push it thiough the peifoiation 

4 Imtant Di ops 

This solution consists of 2 pei cent bone acid and 5 pei cent 
luea in physiological saline The patient is mstiucted to in¬ 
still 4 oi 5 diops twice daily Definite hypeiemia is induced 
Occasionally the patient will complain of a slight feeling of 
nutation at fust The uiea is the nntant factoi, and the 
boric acid was added to lessen any tendency towaid annoying 
infection 

Mucoid dischaige fiom the middle eai developed m a feiv 
instances This was lemoved fiom the middle eai by inflation 
and aspnation Tieatment of the peifoiation was continued 
in these cases, and the added middle eai leaction may have 
acceleiated the lapidity of closuie Should a definite suppuia- 
tive piocess develop, then closuie tieatment should pei haps 
be tempoianly intei mpted and the otitis appiopuately 
tieated 

5 Intei'val of Tieatment 

Maigmal tieatment has, m geneial, been earned out at 
two-week intei vals Whethei this is the optimal interval 
lemams to be determined The numbei of cases ti eated has 
been too small to vaiy the technique appieciably It is pos¬ 
sible that inactive maigms should be ti eated moie often 
The tissues must, of couise, be given time to leact 

DISCUSSION OP CASES 

The tieatment of 15 consecutive cential peifoiations is 




TABLE I 


the cential poition of the tympanic membiane A bean 
shaped perfoiation assumes an oval appeal ance The portion 
of the perfoiation maigm closest to the malleus shows earlier 
hypeiemia and maigmal granulation than does the aiea 
adjacent to the tympanic ling This is undoubtedly due to 
the fact that the malleolai vessels become hypeiemic more 
leadily than do those m the lowei portion of the membiane 
Healing does not pi ogress until hyperemia is evident 

Eais Nos 11, 14 and 15 shoved eaily healing activity m 
the perfoiation margin neaiest to the malleus, however, the 
mfenoi portion nearest the tympanic 11 m continued to show 
a film, beaded non-gianulai maigm At the sixth treatment 
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m each, the mfenoi maigm of the peifoiation was cauteuzed 
with tuchloracetic acid and vigoiously cuietted Eais Nos 
14 and 15 aie beginning to show gianulation activity m the 
entne maigmal cncumfeience following the cauteiy and 
cuiette tieatment Ear No 11 is still lathei inactive, due to 
the fact that the patient frequently omits the instillation of 
the drops On a few occasions the patch appealed quite diy 
when the patient came m foi tieatment 

The tympanic membiane in eais Nos 12 and 13 (patient 
J W ) showed a thick pale appealance lathei than one of 
hypeiemia Even though the peifoiations weie small, healing 
piogiess has been vntually ml The epithelium has peisist- 
ently inveited dui mg the mteival between treatments 
Though abundant gianulation tissue has foimed, it has been 
pale m appeal ance lathei than the usual pmk The tissues 
piesent almost an alleigy-like leaction lathei than an m- 
flammatoiy one At the tenth tieatment all gianulation 
tissue was lemoved with a cuiette and the maigm cauteuzed 
At the time of this wilting, it is too soon to state whethei 
healing piogiess will ensue It may be necessary to change 
the natuie of the diops m this case Ultimate healing should 
be possible since the peifoiations aie small 

In summaiizmg the lesults obtained by this method of 
tieatment, it is noted that 10 of 15 peifoiations so tieated 
have to date closed with an aveiage of 4 2 tieatments each 
Thiee of the lemaming five cases have shown some initial 
piogiess (eais 11, 14 and 15) and then leached a standstill 
I believe that the leason foi this lack of continued piogiess is 
due to insufficient mechanical tiauma to initiate healing m 
the mfenoi maigm of the peifoiation In the future man¬ 
agement of such cases it is planned to use maigmal cautery 
and cuiettage to the inactive portion of the peiforation mai- 
gin on the second oi thud tieatment if gianulation foimation 
is not appai ent at this time An additional xeason foi slow 
piogiess in eai 11 is that this patient did not use the diops 
regulaily The need foi regulai use of the diops must be 
explained and stiessed at the beginning of tieatment The 
exact leason foi piogiess failuie m eais Nos 13 and 14 ie~ 
mams to be determined Since these peiforations aie iela- 
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tively small, it is possible that some vanation fiom the above 
loutine may meet with eventual success 

A few patients with central peifoiations weie not able to 
come m foi legulai tieatment and weie treated with only 
maigmal eversion and the application of a dry papei patch 
without the use of diops One healed piomptlj, and the otliei 
is showing satisfactoiy piogiess My impiession is that heal¬ 
ing m these weie moie lapid than w r as noted m the past w r hen 
cautery and a dry patch wme used These cases aie not in¬ 
cluded m the tabulation 


SUMMARY 

1 A new appioaeh to office closuie of cential tvmpanic 
perforations is piesented It embodies the following changes 
fiom pieviously leported methods 

a The use of loupe magnification to leveal details of mar¬ 
ginal changes during the piogiess of healing and to permit 
moie piecise mechanical technique of maigmal tiaumatizmg 
measures 

6 The use of maigmal trauma, lathei than cautery, aftei 
healing piogiess has been initiated 

c Everting the marginal gianulation tissue and epithelium 

d Using a flat “Cottonoid®” patch m oidei to lessen the 
liklihood of inverting the maigmal epithelium 

e The use of Bonam’s anesthesia befoie treatment 

2 Ten cential perforations have been healed with an a\er- 
age of 4 2 treatments each The other five cases are still 
undei treatment, and three of these are showing progress 
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PRIMARY CLOSURE OF THE RADICAL 
MASTOIDECTOMY WOUND, A TECHNIQUE TO 
ELIMINATE POSTOPERATIVE CARE * 


J H Thomas Rambo, M D ,f 
New Yoik, N Y 

It has been said that the histoiy of medicine furnishes no 
chaptei which excels m intei est the one devoted to peifectmg 
suigical piocedui.es toi the alleviation of suppuiations within 
the tern poial bone To the pioneeis m the surgeiy of chionic 
otonhea we owe the fact that the ladical mastoidectomy, as 
piacticed today, has reduced the mortality in chronic tem- 
poial bone suigeiy to a minimum, howevei, the pioblem of 
getting a diy, healed eai following this suigeiy has not been 
solved by the piogiess in suigical techniques foi the lemoval 
of pathological piocesses That the pioblem continues to 
exist needs no elaboiation, foi it is common to all who do 
mastoid suigeiy 

In a pievious papei, entitled “Factois Affecting Healing 
Following Tempoial Bone Suigeiy,” 1 I pointed out that the 
tempoial bone suigeon, unlike the geneial suigeon dealing 
with soft tissue wounds, does not have the ciucial advantage 
of being able to close his suigical wounds pumaiily Oui 
two gieatest handicaps aie 1 That^oui wounds must heal 
Jby^secondaiy lepan , 2 that the healing piocesses aie sup¬ 
posed by a pool blood supply denved fiom a bony cavity 
These difficulties lesult not only in a pool quality of healing, 
but also m a slow piocess of healing which often allows com¬ 
plicating factois to develop that fuithei delay 01 completely 
an est the piogiess of lepan I also pointed out that m this 
couise of events the advantage of good tempoial bone suigery 
is often lost because the eai continues to diam 
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Although 1 had long considered the pioblem, when the 
aiticle lefened to nbo\e was w 1 it ten 1 did not see the possi¬ 
bility ot de\ eloping a smgical technique foi pi mini \ closuie 
of a ladical mastoid wound which would eliminate the need 
foi postopeiatne erne The pioblem consists of dosing an 
endauial opening with tissue that oveihes an an en\it\ Fiee 



1 1 Tlu omlnurnl hulHlon* < omdnt of mnunlor nml htft i lor ImNlnns 

from tin <Uum outwnul Jointd po«tt>ilorl\ In n t lu umft 11 ntlul hit talon 
Jw»t imptifUlnl to tho drum 


shin giafts placed in the bieech would slough due to the lack 
of blood supph, and the extent of skill n\mlable fiom the 
external auditom canal, m am combination of pedicle flaps, 
is inadequate to close an enlarged endauial opening 

Dm mg the past \em-nnd-a-half im expeuence with the 
temporal muscle plastic, m the peifoimnnc .0 of musculoplnsh, 
has suggested a method foi pi imam closuie of the radical 
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mastoidectomy wound As used m musculoplasty,- 3 the tem- 
poial muscle plastic has solved the vital pioblem mheient m 
all leconstiuctive suigeiy of the middle eai, that of budging 
an au-containing middle eai space It has accomplished this 
by leason of the fact that a pedicle flap not only makes avail¬ 
able any necessary amount of tissue to covei a laige an space, 



x 

\ 



Pig 2 The akin of the posterior half of the external nudlton canal 
is reflected as a pedicle flap An elliptical piece of concha! cartilage is 
removed and the mastoid cortex exposed 


but also cames with it a self-sustaining blood supply, it 
does not need to obtain blood supply fiom adjacent stiuctuies 
The same pnnciple can be used to close an endauial opening 

The technique is descubed m the legends accompanying 
Figs 1 tluough 9, which follow 

COMMENT 

Now what is actually being done with this technique’ It is 
simply a way to cooperate with natuie’s effoi-ts to close off 
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a wound m the temporal bone m the most duect and efficient 
wav possible. It is a natural ph\ siological condition to have 
a peimanently closed an space within the temporal bone open 
to the pharynx thiough the Eustachian tube It is piesent 
m the normal ear, consisting of the middle eai cavity and the 
antrum (see Fig 10-A) 



FI& 3 The mastoid Is excRAated to remove all diseased tissue The 
bon\ posterior canal wall 1* taken down a circumferential Incision Is 
then made anteriorl\ to separate the canal skin from the drum 


After a simple mastoidectomy, with removal of the bone m 
the mastoid legion, a larger space results, consisting of the 
middle ear, the antrum, and the mastoid cavitv (see Fig 
10-B) For manv years we ha\e been closmg off this enlarged 
air cavitv by primary wound closure with after care that is 
practically negligible This has made the simple mastoidec¬ 
tomy the most gratifying opeiation a\ ailable today in tem¬ 
poral bone surgery, for both the patient and the surgeon 
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With piimaiy dosrne of the ladical mastoidectomy wound we 
aie following the same pnnciple We simply enlaige the 
cavity to include not only the mastoid area but also the space 
pieviously occupied by the external auditoiy canal (see Fig 
10-C) It does not mattei whether the space is laige 01 small 
so long as it is connected to the phaiynx thiough the Eusta¬ 



chian tube In each of these instances of enlaigmg the normal 
an cavity m the tempoial bone, the space is maintained by an 
piessuies thiough the Eustachian tube, while mucosa extends 
itself into the enlaiged cavitv Onh one thing is essential, 
a thoiough ladical mastoidectomy must be peifoimed In 
addition to the iemo\al of all foci of infection, paiticulai 
attention must be dnected to the elimination of anv tvpe of 
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squamous epithelium It is perfectly cleai that lemnants 
of cholesteatomatous matenal cannot be left m a cavity that 
is to be permanently closed 

This method furnishes a dui able healing’ which will not 
bleak down, as it often does m secondaiy lepan when pooily 
nounshed epithelium has giown ovei bone With pnmary 



Flgr 5 With the skin of the external audlton canal reflected out of the 
vca-v as mo pedicle flaps the radical mastoldectomv can then be completed 
with meticulous remo\al of all epithelial and diseased processes 


closuie of the ladical mastoidectomy wound, patients may 
take showeis and swim Anothei important advantage is 
that tlieie is no postoperative cavity which lequnes periodic 
caie 

Today, lestoiation of healing m deafness, caused by long¬ 
standing chionic otitis, is being accomplished In such cases 
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Fig- 6 The temporal muscle is then exposed bt extending the superior 
endaural incision upward and bj separating the looselj attached scalp 
from the temporal fascia 



Fie- 7 A temporal muscle pedicle flap is cut as Indicated The flap 
cei\es an abundant blood supplj malnij from the posterior deep tem- 
,ral arter} which courses upward and backward in the area of the 
uscle included in the flap 
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an open cavity is essential foi the tiansmission of sound 
vibiations to the mnei eai Pnmaiy closuie is not suggested, 
of couise, m these eais, wheie an open cavity serves a useful 
puipose, but it is a logical proceduie foi those patients with 
pool bone conduction, wheie an open cavity does not serve 
any useful puipose Aside flora those in whom bone con- 



Fig S The temporal muscle pedicle flap Is then rotated oier the area 
of the endnural opening - The free end fs sutured anteriorly and posteriorly 
to the soft tissue underlying the skin 


duction is a consideiation, there is also a laige group 01 
patients with chionic eais who eithei do not wish to have 
an extensive plastic reconstructive opeiation, 01 foi whom 
such an opeiation would not be indicated m the best judgment 
of the surgeon Among these aie the very young, the very 
old, and those with senous systemic disease Patients with 
one normal ear who have no leal heaung handicap but who 
would like to get rid of the basic disease and symptoms, and 
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get a diy eai m the simplest and easiest way possible, might 
well be consideied logical choices foi the pioceduie 

Even wheie an open cavity is maintained, the use of the 
tempoial muscle plastic m a postopeiative ladical cavity—to 
cieate a closed middle eai space and to line the cavity with 
soft tissue which conti lbutes an abundant blood supply—has 



i 
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Fig 9 The t\\ o pedicle skin flaps pre\ iousl> prepared are then laid 
in place o\er the muscle The superior endaural incision is sutured a 
poI\eth>iene tube is left in place for se'x eral daAS as a temporar\ drain 
from the ca\ it} 


pioved an excellent way of getting piompt healing The 
pioblem of secondary healing is mamly one of blood supply 
Foi instance, we need only to lecall how well scalp wounds 
heal, wheie theie is a nch blood supply In those ladical 
mastoidectomies, wheie this technique has so fai been used 
to piomote healing, and in one-stage musculoplasties as well 
as m the fust stage of two-stage musculoplasties, the abun- 
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dant blood supply furnished by the tempoial muscle pedicle 
flap has given a lapidify of healing that has been almost a 
levelation It must be pointed out, howevei, that although 
this method has piovided lapid and uncomplicated healing 
following the classical ladical mastoidectomy, it does not 
piovide all the advantages of primary closuie These aie 
quick healing by pnmaiy intention, the elimination of a cavity 
winch lequires pei iodic postopeiative care, and the elimina¬ 
tion of lestiictions on the part of the patient concerning 
swimming and taking showeis 



Fig- 10-A. Air space In the normal ear B—Air space following- simple 
mastoidectoim C—Air space following radical mastoldectomv with prl- 
marv closure 


Whethei techniques aie dnected towaid lestoration of 
healing, 01 simply to a cuie of the basic disease and attempts 
to obtain a dry eai, my expenence thus far leads me to the 
conviction that the use of the temporal muscle plastic m 
suigeiy of the chionic eai will prove to be the solution to the 
pioblem of the peisistently diaimng postopeiative cavity 

BRIEF REVIEW OF TYPICAL CASES 

Case 1 A 60-vear-old woman with fair bone conduction In the ear 
operated she had a large perforation of the drum destruction of the 
ossicular chain suppuration and a large polvp protruding into the ex 
ternal auditory canal She complained of headaches and some instabilitv 
of balance No practical hearing had been present in the ear for ten 
'ears and she had become well adjusted to getting along -with the 
adequate hearing in the other ear The patient worked in a department 
store and she volunteered the information that postoperative visits 
uould be difficult for her to arrange She uas interested onlv in getting 
rid of her svmptoms and the chronic otorrhea with the least possible 
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get a diy eai in the simplest and easiest way possible, might 
well be consideied logical choices foi the pioceduie 

Even wheie an open cavity is maintained, the use of the 
tempoial muscle plastic in a postopeiative ladieal cavity—to 
cieate a closed middle eai space and to line the cavity with 
soft tissue which conti lbutes an abundant blood supply—has 



Fig 9 The two pedicle skin flaps pre\ louslj prepared are then laid 
fn place o\er the muscle The superior endaurnl Incision Is sutured a 
po!> ethylene tube is left in place for several da>s as a temporary, drain 
from the ca\ Itj 


pioved an excellent way of getting piompt healing The 
pioblem of secondary healing is mainly one of blood supply 
Foi instance, we need only to lecall how well scalp wounds 
heal, wheie theie is a uch blood supply In those ladieal 
mastoidectomies, wheie this technique has so far been used 
to piomote healing, and m one-stage musculoplasties as well 
as m the fust stage of two-stage musculoplasties, the abun- 
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was revised and a technique for obtaining rapid healing which differs 
from the three preceding cases was utilized This consisted of bringing a 
long pedicle flap, cut from the temporal muscle down into an open 
cavitv to contribute an abundant blood suppl\ to the healing processes 
and to bridge and seal the middle ear space Three weeks after opera 
tion the patient was forced to leave the clt\ He returned seien weeks 
postoperativelv with a healed, dm ear he required no further care 
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trouble A radical mastoidectomy was performed with primarj closure 
of the wound Healing was complete, and the patient was dischaiged 
after one month 

Case 2 A 46 > ear-old woman with poor bone conduction in the affected 
ear Cholesteatoma was present with destruction of the dium and 
ossicular chain Since an open cavitj would serve no logical purpose 
in this case a radical mastoidectomy was performed with primari 
closure At the end of five weeks this patient had a drj healed ear 
(see Fig 11) 



Fig 11 Primarj healing in a tjplcal case one month postoperatl\e Is 
shown 


Case 3 An 8 year old boy Cholesteatoma was present in the affected 
ear after a long historj of ear trouble with repeated antibiotic treatments 
Removal of the soft infected cells in the mastoid area, which are tjpically 
found in these ears left a huge caviti after the radical mastoidectomj 
In my experience this tjpe of large cavitv in children, has proven to be 
extremely difficult to heal With the primary closure technique the 
healing was complete in four weeks As is natural for a boj of his age 
he is very much interested in swimming His parents have been told 
that he mav swim without concern for his ear 

Case ) A 33 jearold business man who came to New York from South 
America for revision of a radical mastoidectomj which had been per 
formed in Hungary at the age of six There had been suppuration from 
the ear since his childhood The Eustachian tube was open to the cailty, 
w’hlch contained infected polj-pl and granulation tissue Bone conduction 
was poor, and he had had no hearing in the affected ear since earlj 
iouth The patient had normal hearing on the opposite side The ca-vitj 
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Fig- 1 Pneumatic otoscope with specula of se\en sizes which permit 
Its use In a patient of anj age This Is essential for the diagnosis of 
middle ear effusion 


ache has not done his duty unless, after pam and fevei sub¬ 
side, he determines whethei 01 not the healing has returned 
to noimal 

DIAGNOSIS 

Given a patient with a conductive heaung loss, the physician 
should suspect the piesence of fluid m the middle ear In¬ 
spection of the drum leveals model ate reti action Often the 
drum has an ambei coloi Occasionally a fluid level will be 
seen, and sometimes one will see bubbles of an m the fluid 
if it is of the serous type The most impoitant single diag¬ 
nostic method, which m my expenence is almost infallible, 








MIDDLE EAR EFFUSION—SYSTEMIC FACTORS * 

F W Davison, MD,f 
Danville, Pa 


This clinical entity has many synonyms, including secietory 
otitis media, non-suppuiative otitis media, seious otitis media, 
catairhal otitis media and hydiotympanum It is a common 
condition, oui depaitment treats moie than 300 cases each 
yeai Theie is much disagieement m the literatuie legal ding 
etiology and tieatment In an effoit to claufy my own ideas, 
I have analyzed the case histones of 100 patients who had 
non-suppuiative fluid m the middle eai demonstiated by 
myringotomy and aspnation 

SYMPTOMS 

The most common symptom is a conductive-type healing 
loss, shown by puie tone audiometry and tuning folk tests 
It is important to have bone conduction tests, because there 
is nothing chaiactenstic about the shape of the audiometnc 
curve by an, but a high tone loss is not uncommon If the 
disease is unilateial, the Webei test is lefened to the eai 
with pool healing Most of the patients had a blocked 01 
full feeling in the affected eai, the typical histoiy states that 
the symptoms developed following an acute nasophaiyngitis 

Most acute middle eai infections lespond piomptly to ad- 
mimstiation of antibiotics, but m many cases healing loss 
due to fluid m the middle eai peisisted until the fluid was 
lemoved foim one to six months latei I think the mci eased 
numbei of patients with heaung loss owing to middle eai 
effusion is due to the fact that too many physicians do not 
utilize myringotomy, as well as antibiotics, for treatment of 
acute otitis media The physician ti eating a child with ear- 

*Read at the Sitty-First Annual Meeting of the American LnringolOR- 
Ical Rhinoiogical and Otological Societj San Francisco Calif Maj 2 / 
1958 

tFrom the Department of Otolar> ngology The George F Gelsinger 
Memorial Hospital and Foss Clinic Danillle Pa 

Editor’s Note This manuscript received in The Laryngoscope Office and 
accepted for publication Maj 26 1958 
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Fig 1 Pneumatic otoscope with specula of se\en sizes which permit 
Its use In a patient of an; age This Is essential for the diagnosis of 
middle ear effusion 

ache has not done his duty unless, aftei pam and fevei sub¬ 
side, he deteimmes whethei 01 not the heaung has letumed 
to noimal 

DIAGNOSIS 

Given a patient with a conductive heaung loss, the physician 
should suspect the piesence of fluid m the middle eai In¬ 
spection of the dium leveals model ate leti action Often the 
dium has an ambei coloi Occasionally a fluid level will be 
seen, and sometimes one will see bubbles of an in the fluid 
if it is of the serous type The most impoitant single diag¬ 
nostic method, which m my expenence is almost infallible, 
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is use of the pneumatic otoscope, shown m Fig 1 If there is 
fluid m the middle eai the druvi moves pooily, and the degiee 
of impairment of mobility is in piopoition to the amount of 
fluid m the middle eai If the middle ear contains the thick, 
gummy type of secretion, the dium is piactically fixed In 
case of doubt, one should do a diagnostic myimgotomy and 
aspnation, using a small spot suction tip against, not through, 
the myimgotomy incision I use a 15 gauge 3f-mch needle 
with the point giound off and a 30-degiee bend close to the 



Fig: 2 Aural magnifier % ery helpful when doing- a mj rlngotomj and 
15 gauge aspirating tip 


hub This is lllustiated m Fig 2 Aspiration with a 20 oi 
22-gauge needle inserted thiough the dium cannot possibly 
lemove the thick, gluey mucus so fiequently piesent m these 
cases 

In oidei to use the Siegle type pneumatic otoscope effective¬ 
ly, one must have a speculum that fits the canal snugly I use 
specula of seven sizes 

It is not necessary to use a Eustachian cathetei foi either 
diagnosis oi treatment If one suspects fluid m the middle 
eai, diagnostic myimgotomy and aspiration should be utilized 
If coirectly done it is almost painless, and can be done with¬ 
out anesthesia, either general or local, if the doctor has the 
patient's confidence One patient had learned how to obtain 
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lelief by puncturing lus own chum with the point of a sharp¬ 
ened toothpick 


ETIOLOGY 

I acknowledge with pleasure the fact that my inteiest m 
this subject was stimulated by Gordon Hoople’s 2 article en¬ 
titled, “Otitis Media with Effusion, a Challenge to Otolaryn¬ 
gology,” published m the Mav-June, 1950, issue of the Trans¬ 
actions of the Amencan Academy of Ophthalmology and Oto¬ 
laryngology Most of the important facts legal ding middle 
ear effusion can be found in Dr Hoople’s article 

I call your attention to one of Dr Hoople’s paragraphs, 
which reads as follows “It should not be foi gotten that the 
diagnostic endeavois should be directed not only to the ear, 
but to the discover}* of ge neral co nditions, which are ab¬ 
normal ” 

It seems self-evident that tieatment to be effective must 
be directed at the etiology It has been said that anything 
which causes Eustachian tube obstruction, eithei partial or 
complete, can cause middle eai effusion, but there are many 
causes of middle eai effusion and two or more factois mav 
be operative in any one patient 

Etiologic factois may be divided into two classes 1 Local, 
and 2 Systemic All too frequently we have been concerned 
chiefly with the local factois, especiallv hyperplastic lymphoid 
tissue 

My expei lence agrees with that of Baron 1 who says that, “A 
clean, careful surgical lemoval of nasopharyngeal lymphoid 
tissue is better than ladiation,” however, m onl} 50 pei cent 
of these 100 cases was caieful adenoidectomy a complete an¬ 
swer to the problem Eleven of these patients, after coming 
to us for treatment, lequired a second adenoidectomv, and one 
required a third 

The patient who has onlv one oi two recurrences of middle 
ear effusion per yeai when he has an acute upper lespiratory 
infection, has no serious pioblem The patients whose charts 
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I analyzed had two 01 moie lecunences pei yeai The ap- 
paient etiologic faetois aie listed m Table I 


TABLE I 


—APPARENT ETIOLOGIC FACTORS 


3 

4 

5 

6 


Hypertrophied adenoid or recurrent lymphoid 

tissue in the nasopharynx_ _ 

Recurrent acute nasopharyngitis 

(Seven of these had hypogammaglobulinemia)_ 

Allergy __ _ „ _ 

Hypothyroidism „ „ „ _ 

Obesltj „ _ _ „ _ _ 

Carcinoma of the nasopharynx 


Cases 


53 

36 

~- 18 

11 

_ _ 9 

1 


LARGE ADENOID AND RECURRENT LYMPHOID TISSUE IN THE 

NASOPHARYNX 

Out experience agrees with that of Peilman, 3 who stated 
that theie is no coi relation between the size of the adenoid 
mass and the piesence of middle eai effusion His lllustia- 
tions (Figs 3-6) show the large amounts of glandulai, fatty 
and lymphoid tissue m close relation with the Eustachian 
tube, and suggest that an excess amount of any of these tissue 
elements may produce tubal obstiuction Thoughtful leading 
of Peilman’s aiticle will, I think, discouiage anyone fiom 
using a Eustachian bougie, oi fiom advising the use of a 
ladium applicatoi 

Fifty patients who had then adenoids lemoved stopped 
having lecunences of middle eai effusion Ten patients 
who had lecurrent lymphoid tissue m the nasophaiynx and 
lecunent middle eai effusion weie tieated with X-ray ther¬ 
apy In nine out of ten cases X-iay theiapy failed to pi event 
lecunent middle eai effusion It seems obvious that we 
should considei the causes of lymphoid hypeiplasia and not 
confine oui efforts to suigical lemoval oi X-iay theiapy 
Hypeitiophied lymphoid tissue, considei ed as a local factoi, 
may be due to lepeated attacks of adenoiditis oi nasopharyn¬ 
gitis, but the abnormal susceptibility to infection is often due 
to a'systemic factoi, such as adienocortical insufficiency or 
hypogammaglobulinemia, so it is very difficult to be suie 



Fig 3 Section through the mouth of the tube (0) and Rosenmuller s 
Fossa (R) Note the large number of glands (G) along the tube and the 
ljmphold tissue In the Rosenmuller s Fossa on the torus (L) and at the 
opening of the tube (Courtesy of Dr H B Perlman) 
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I analyzed had two 01 moie lecunences pel yeai The ap- 
paient etiologic factois aie listed m Table I 


TABLE I—APPARENT ETIOLOGIC FACTORS 


1 Hypertrophied adenoid or lecurrent lymphoid 

tissue in the nasopharynx 

2 Recurrent acute nasopharyngitis 

(Seven of these had hypogammaglobulinemia) 

3 Allergy _ — 

4 Hjpothyroidism_ 

5 Obesitj 

6 Carcinoma of the nasophaiynx „ 



Caaes 


53 

36 

_ -18 
„11 
- 9 
_ 1 


LARGE ADENOID AND RECURRENT LYMPHOID TISSUE IN THE 

NASOPHARYNX 

Out experience agiees with that of Peilman, 3 who stated 
that there is no correlation between the size of the adenoid 
mass and the piesence of middle eai effusion His lllustia- 
tions (Figs 3-6) show the large amounts of glandulai, fatty 
and lymphoid tissue m close i elation with the Eustachian 
tube, and suggest that an excess amount of any of these tissue 
elements may pioduce tubal obstiuetion Thoughtful leading 
of Peilman’s article will, I think, discouiage anyone fiom 
using a Eustachian bougie, or fiom advising the use of a 
radium apphcatox 

Fifty patients who had then adenoids lemoved stopped 
having lecunences of middle eai effusion Ten patients 
who had lecuirent lymphoid tissue m the nasophaiynx and 
lecunent middle eai effusion weie tieated with X-ray ther¬ 
apy In nine out of ten cases X-iay theiapy failed to pi event 
lecunent middle eai effusion It seems obvious that we 
should considei the causes of lymphoid hypeiplasia and not 
confine oui efforts to suigical lemoval oi X-iay theiapy 
Hypeitiophied lymphoid tissue, considei ed as a local factoi, 
may be due to lepeated attacks of adenoiditis oi nasophaiyn- 
gitis, but the abnormal susceptibility to infection is often due 
to a'systemic factoi, such as adienocortical insufficiency oi 
hypogammaglobulinemia, so it is veiy difficult to be sure 
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that local factors aie strietty local except m those cases in 
which adenoidectomy stops the lecunences The age distri¬ 
bution is shown in Table II 


TABLE II —ONE HUNDRED CASES OF MIDDLE EAR EFFUSIOA 


Cases 


1—10 years 
11—20 j ears 
21—30 rears 
31—40 3 'ears 
41—50 rears 
51—60 years 
61—70 3 'ears 
71—80 rears 



_65 
-16 
_ 6 
_ 4 
_ 3 
_ 2 
_ 2 
_ 2 


Sixty males forty females 


.Total 100 


This table, showing that 65 pei cent of these patients aie 
m the first decade, suggests two etiologic factois 

1 Poor immunity mechanisms, known to be moie common 
in childhood 

2 Hyperplastic lymphoid tissue, known to be more common 
m childhood 

The influence of hormones on lymphoid tissue is shown by 
normal involution at the time of puberty Tins suggests that 
the great enlaigement of lymphatic structuies, fiequently 
seen m early childhood, may be due to insufficiency of steroids, 
either gonadal or adienocortical White 0 points out that there 
is a marked decrease m the size of lymphoid tissues in re¬ 
sponse to admimstiation of adrenocortical hormones, and 
that patients having Addison’s Disease have marked enlaige- 
ment of all lymphoid tissues 

Diet is another factor to be consideied In oui expenence, 
a high carbohydrate diet m childhood causes an overgrowth 
of lymphoid tissue 

Yoffey and Courtiee' state that the total amount of lymph¬ 
oid tissue m the body is about 1 per cent of the body weight, 
so m removing tonsils and adenoids we are removing only a 
small fraction of the total lymphoid tissue 








Fig 6 Photomicrograph through the cartilaginous portion of the tube 
showing the large amount of fat and glandular elements along the walls 
of the tube These tissue elements are probably important In tubal func¬ 
tion and are particularly resistant to radiation (Courtesy of Dr H B 
Perlman) 



■Plir 6 Section through the Eustachian tube abo\e the toru ® 
morfus membrane folds and the subepithelial lymphoid tissue <B> which 
mar“nfluence tubal function (Courtes% of Dr H B Perlman) 
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that foui of their twelve patients having Gamma globulin 
deficiency were also allergic, and two of these lequired 
specific allergic therapy in addition to Gamma globulin in 
order to control the mam presenting symptoms This is a 
clearh wiitten concise article, which helped to focus my at¬ 
tention upon the importance of recognizing Gamma globulin 
deficiency m patients who are infection-pi one 

There are, of course, other factors which cause an individual 
to be infection-prone, namely ovemutntion, undemutntion, 
poor adrenocortical function, poor thvioid function and de¬ 
ficiencies m the properdin system/ about which we aie just 
beginning to learn 


NASAL ALLERGY 

The 18 individuals m this group had either food or inhalant 
sensitivity or both, demonstrated by history, skm tests and 
response to treatment All of the patients m this group had 
had previous adenoidectomv but continued to have recurrence 
of middle ear effusion until the alleigic factor was recognized 
and treated by either avoidance of hyposensitization 

HYPOTHYROIDISM 

The group of 11 patients with clear-cut hypothyroidism all 
responded well to administration of either dessicated thyroid 
or to triiodothyronine. The diagnosis was suggested by the 
usual signs and symptoms, and was confirmed by laboratory 
tests showing low protein bound iodine and high serum choles¬ 
terol levels One patient, a woman aged 67, who had a rery 
large adenoid which Dr Cole, my associate, removed, had a 
PBI of 3 03 meg and a cholesterol lei el of 302 mg per cent 
She lesponded well to adenoidectomv and administration of 
dessicated thvioid She had previously been told to get nd 
of her dog and parakeet because the edematous state of her 
nasal mucosa suggested an “allergic” etiology 

The X-ray bone age is useful for diagnosing hypothyroid¬ 
ism m children One youngster, aged nine, had been wearing 
a hearing aid for three years Her X-ray bone age was re¬ 
ported as six \ ears Bilateral myringotomy and aspiration 
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RECURRENT ACUTE NASOPHARYNGITIS 

This gioup of 36 patients is composed of those who had 
pieviously had an adenoidectomy, but who continued to have 
attacks of middle eai effusion each time they suffeied an acute 
uppei respuatoiy infection This gioup might well be called 
the "infection-pi one” group of patients, because they had 
from three to twelve upper lespuatoiy infections pei yeai, 
often with high fevei and sometimes with complications It 
seems obvious that there is some systemic deficiency which 
makes individuals m this group abnoimally susceptible to in¬ 
fection Aftei we began looking for it, we found seven in¬ 
dividuals m this gioup who had hypogammaglobulinemia, 
accoidmg to our standards This diagnosis will beai some 
discussion, because there are those academic puusts who do 
not use this teim unless the Gamma globulin levels aie ex¬ 
tremely low According to oui laboratory, the noimal lange 
of Gamma globulin is 0 7 to 2 1 gm per 100 cc, as determined 
by filter paper electrophoresis The Gamma globulin deter¬ 
minations foi these seven patients, all of whom were children 
under ten years of age, weie 0 66 gm oi 10 pei cent, 0 55 gm 
oi 8 pei cent, 0 75 gm or 11 per cent, 0 8 gm oi 12 pei cent, 
0 54 gm or 8 per cent, 0 54 gm oi 7 pei cent and 0 61 gm oi 
10 pei cent A figuie frequently quoted m the hteiatuie as 
noimal Gamma globulin is 15 per cent of the total seium 
piotem 

Accoidmg to om standaids all of these youngsteis weie 
deficient m Gamma globulin All of them continued to have 
fiequent recurrences of lespiratory infection followed by 
middle eai effusion despite adenoidectomy, vaccine theiapy, 
alleigic management, X-iay theiapy and multiple couises of 
antibiotics, until Gamma globulin was admmisteied by mtra¬ 
in usculai injection once a month m quantities langing from 
3 to 5 cc, depending upon the age of the patient Oui ex¬ 
perience suggests that a Gamma globulin level below 1 gm 
pei cent piedisposes to fiequent infections, and that these 
patients benefit by administration of Gamma globulin 

Foui of the seven childien who had hypogammaglobulinemia 
also had allergic symptoms Turner and Dobson 5 leported 
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that foui of their twelve patients having Gamma globulin 
deficiency weie also alleigic, and two of these lequired 
specific allergic theiapy m addition to Gamma globulin in 
01 dei to conti ol the mam piesentmg symptoms This is a 
clearly written concise article, which helped to focus my at¬ 
tention upon the importance of leeogmzmg Gamma globulin 
deficiency m patients who aie mfection-pi one 

Theie aie, of couise, othei factois which cause an individual 
to be infection-pi one, namely ovei nutrition, undei nutrition, 
poor adi enocortical function, pool thyioid function and de¬ 
ficiencies m the piopeidm system, 4 about which we aie just 
beginning to learn 


NASAL ALLERGY 

The 18 individuals m this group had eithei food or inhalant 
sensitivity oi both, demonstrated by history, skin tests and 
response to treatment All of the patients in this group had 
had pievious adenoidectomy but continued to have lecunence 
of middle ear effusion until the alleigic factoi was lecognized 
and treated by either avoidance of hyposensitization 

HYPOTHYROIDISM 

The gioup of 11 patients with cleai-cut hypothyioidism all 
responded well to administration of eithei dessicated thyioid 
or to trnodothyionme The diagnosis was suggested by the 
usual signs and symptoms, and was confirmed by laboratory 
tests showing low piotera bound iodine and high seium choles¬ 
terol levels One patient, a woman aged 67, who had a very 
large adenoid which Di Cole, my associate, xemoved, had a 
PBI of 3 03 meg and a cholesteiol level of 302 mg pei cent 
She lesponded well to adenoidectomy and administration of 
dessicated thyroid She had pieviously been told to get nd 
of hei dog and parakeet because the edematous state of hei 
nasal mucosa suggested an "alleigic” etiology 

The X-iay bone age is useful foi diagnosing hypothyioid¬ 
ism m children One youngstei, aged nme, had been wearing 
a hearing aid for three years Her X-iay bone age was re¬ 
ported as six veais Bilateral myringotomy and aspiration 
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RECURRENT ACUTE NASOPHARYNGITIS 

This gioup of 36 patients is composed of those who had 
pieviously had an adenoidectomy, but who continued to have 
attacks of middle eai effusion each time they suffeied an acute 
uppei xespnatoiy infection This gioup might well be called 
the "mfection-pione” gioup of patients, because they had 
fiom thiee to twelve uppei lespn&toiy infections pei yeai, 
often with high fevei and sometimes with complications It 
seems obvious that tlieie is some systemic deficiency which 
makes individuals in this gioup abnoimally susceptible to in¬ 
fection Aftei we began looking foi it, we found seven in¬ 
dividuals in tins gioup who had hypogammaglobulinemia, 
accoidmg to oui standaids This diagnosis will beai some 
discussion, because theie aie those academic punsts who do 
not use this teim unless the Gamma globulin levels aie e\- 
tiemely low Accoidmg to oui laboiatoiy, the noimal lange 
of Gamma globulin is 0 7 to 2 1 gm pei 100 cc , as detei mined 
by filtei papei electiophoiesis The Gamma globulin detei - 
minations foi these seven patients, all of whom weie cluldien 
undei ten years of age, weie 0 66 gm oi 10 pei cent, 0 66 gm 
oi 8 pei cent, 0 75 gm oi 11 pei cent, 0 8 gm oi 12 pei cent, 
0 54 gm oi 8 pei cent, 0 54 gm oi 7 pei cent and 0 61 gm oi 
10 pei cent A figiue fiequently quoted m the hteiatuie as 
noimal Gamma globulin is 15 pei cent of the total seium 
piotem 

Accoidmg to oui standaids all of these youngsteis weie 
deficient m Gamma globulin All of them continued to have 
fiequent lecunences of lespnatoiv infection followed by 
middle eai effusion despite adenoidectomy, vaccine theiapv, 
alleigic management, X-iav theiapy and multiple couises of 
antibiotics, until Gamma globulin was admmisteied by mtin- 
musculai injection once a month m quantities langing fiom 
3 to 5 cc, depending upon the age of the patient Oui ex¬ 
pel lence suggests that a Gamma globulin level below 1 gm 
pei cent piedisposes to fiequent infections, and that these 
patients benefit by admmistiation of Gamma globulin 

Foui of the seven cluldien who had hypogammaglobulinemia 
also had alleigic symptoms Tumei and Dobson- lepoited 



DAVISON MIDDLE EAR EFFUSION 


1239 


5 Recunences will be fiequent until the systemic causes 
of lymphoid hyperplasia aie found and collected 

6 A caieful, visually guided suigical adenoidectomy stops 
lecunences m only 50 pei cent of these cases 

7 X-iay theiapy to the nasopharynx stopped lecunences 
m onlv one of ten cases tieated 

8 Multiple etiologic factors aie piesent m at least 50 pei 
cent of these cases 
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piomptly xestoied hei heaung Hei thyioid deficiency was 
at fust collected by tmodothyronme and then dessicated 
thyioid was used as maintenance therapy Hei heaung gain 
has been maintained 


OBESITY 

Patients in this gioup of nine continued to have middle ear 
effusion until they could be induced to 1 educe then weight 
by means of low caibohydrate diet The obese peison has 
excess fatty tissue compiessmg the lumen of the tube The 
overweight factoi can be leadily overlooked unless the doctor 
is willing to take the height and weight of the patient and 
compaie it with the height weight table This simple measuie 
should not be beneath the dignity of any otolaryngologist who 
considers himself a physician None of these nine patients 
was demonstiably hypothyioid, but foui of the 11 hypothyroid 
patients weie obese, and carbohydiate lestnction was urged 
m addition to admimstiation of thyioid 

TUMOR OF THE NASOPHARYNX 

Theie happened to be only one patient m the total number 
of 100 -who had a caicmoma of the nasopharynx This case 
leminds us that we should be aleit to suspect tumoi of the 
nasophaiynx m any adult who has middle ear effusion 

SUMMARY AND CONCLUSIONS 

1 Middle ear effusion is a common condition 

2 A Siegle type pneumatic otoscope is the most important 
diagnostic mstiument 

3 Recuuent nasopharyngitis and hypeiplastic lymphoid 
tissue m the nasophaiynx aie the appaient local etiologic 
factoi s m most cases 

U Recuuences will be fiequent until the systemic deficien¬ 
cies lesponsible foi the infection-pi one status aie collected 
One of these fiequently overlooked is Gamma globulin de¬ 
ficiency 
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mid-lme approach thiough the thyioid cartilage is used, and 
m pioviding foi gieatei aecuiacy m dividing the conti a- 
lateial coid and ventuculai band, furthermoie, xemoval of 
the antenoi segment of thyroid cartilage in continuity pio- 
vides an additional maigm of safety m lesions appioachmg 
01 beginning to cioss the antenoi commissuie 

The term “extended fi onto-latei al” seems appiopnate in 
descnbmg an adaptation of this technique to lesions of some¬ 
what gieatei extent, such as those showing, a postenoi ex¬ 
tension to or beyond the tip of the vocal piocess, but not mto 
the postenoi commissuie, b beginning impairment of motil¬ 
ity without actual fixation of the coid, c limited and super¬ 
ficial extension to ventricle or maigm of ventneulai band, 
01 d subglottic extension amounting to no more than a few 
millimeteis Such lesions aie lemoved en bloc, along with a 
large portion of thyroid cartilage with oi without the entire 
arytenoid, on occasion a honzontal or vertical segment of 
the cncoid may be included 

Post-opeiative webbing and stenosis aie minimized by 
careful forward suturing of the mucosal edge on the conti a- 
lateial side, the use of a mold (foam-iubbei coveied with 
latex, oi acrylic), oi immediate skm giaftmg with insertion 
of a latex-coveied foam-iubbei mold The punciples m the 
lattei aie those described by Ench 2 in the tieatment of chrome 
Iaiyngeal stenosis and subsequently by Figi B m the tieatment 
of carcinoma 

Obviously caieful evaluation of the gioss extent of the 
lesion is lequned befoie a decision can be made as to the 
most suitable type of opeiation Motility is best studied by 
indirect laryngoscopy On dnect laryngoscopy, the use of a 
forwaid telescope is helpful in determining the anteio-pos- 
tenoi extent (magnified image) , the foi-oblique and nght- 
angle telescopes, along with planigiaphy, aie useful in de¬ 
tecting sub-glottic extension 


TECHNIQUE 

1 Anesthesia Initially, piocame 1 pei cent mfiltiation of 



TECHNIQUE OF EXTENDED FRONTO-LATERAL 
PARTIAL LARYNGECTOMY *f 

Charles M Norris, M D , 

Philadelphia, Pa 


Until lecent yeais, the pioceduie of laryngofissuie (thy- 
lotomy) was the only type of partial laiyngectomy widely 
used, howevei, it is now quite well established that certain 
lesions, foimeily thought unsuitable foi any proceduie less 
than total laryngectomy, because of location or extent, may be 
tieated by othei foims of paitial laiyngectomy without ap¬ 
preciable mciease in lecunence late 


In the type of laiyngofissuie commonly used, excision of 
one coid, ventncle and portion of ventneulai band is accom¬ 
plished following sub-penchondnal separation of these stiuc- 
tuies fiom the mnei surface of one thyioid ala Portions of 
the eonespondmg thyioid ala have at times been lemoved 
simultaneously, since this has appealed to favoi letuin of 
voice (Jackson 4 ) The “antenoi commissuie” technique of 
Jackson has been useful m cases wheie lesection of the an- 
tenoi portions of the contia-lateial coid and ventneulai band 
m continuity has seemed advisable, howevei, in these cn- 
cumstances, piesent tiends m technique favoi lemoval of an 
antenoi vertical segment of thyioid cartilage, left attached 
to the soft tissues being lemoved 


This vanation m technique is exemplified by the opeiation 
of Cleif, 1 the “bi-lateial thyiotomy” of Kemlei, 5 and the 
“fionto-lateial” opeiation as desenbed by Leioux-Robeit 0 
The lattei teim seems to be an accuiately desenptive and 
desnable one All of these techniques aie advantageous m 
avoiding the hazaid of inadvertent division tlnough the an- 
tenoi commissuie and/oi the lesion, which may occui when a 


of 


•Read at the meeting of the Eastern Section American Lar' ngological 
Rhlnologlcal and Otological Societi Philadelphia Pa Jan 1 196S 

tFrom the Department of Lartngologj nnd Broncho-Dsophagolog} 
(Chet alter Jackson Clinic) Temple Unitersitt Hospital nnd School 
Medicine , 

TCfiitorH Mote This manuscript recelted in The Earj ngoscopc Office nnn 
accepted for publication Feb 27 195S 

1240 


NORRIS FRONTO-LATERAL PARTIAL LARYN 


1243 


teriorly thiough the uppei portion of the ventiiculai band 
to the arytenoid 

9 Postenoily, the excision is completed by extending the 
supenor line of excision downward behind the aiytenoid (if 
the arytenoid is to be lemoved) or thiough the base of the 
vocal piocess Stiong forwaid traction (the cnco-aiytenoid 
joint capsule and mfeiioi comu having been pieviously m- 


PARTIAL. LAUNOECTOMT 
EXTENDED ERONTO-LATEEAL 



Fig 1 Extended frontol-lateral type of partial lar' ngectoim Usual 
lines of excision are shown In sasrgrltal and horizontal planes 


cised) will facilitate inclusion of an adequate maigin of 
noimal tissue postenoily when the aivtenoid is to be lemoved 
m continuity 

10 The type of iepan is natuially detei mined by the extent 
of excision lequued a , If less than one-thnd of the conti a- 
lateral cord and ventnculai band have been included m the 
excision, the mucosal edge on this side is anchoied foiwaid 
by honzontal mattiess sutuies of No 00000 cluomic catgut 
biought thiough the external penchondnum of the remaining 
portion of thyioid ala A cyhndi ical foam-iubbei mold 




1242 


NORRIS FRONTO-LATERAL PARTIAL LARYN 


subcutaneous tissues in midline fiom hyoid to supia-stemal 
notch 

2 Veitical incision in the mid-hne fiom hyoid to supia- 
sternal notch Exposuie of trachea (by division of thyioid 
isthmus if necessaiy), tiacheostomy and insertion of endo¬ 
tracheal cathetei with inflatable cuff well below the cricoid 
level General anesthesia is then induced (pentothal and 
nitrous-ethei -oxygen) 

8 Vertical division of thyioid ala on contia-lateial (un- 
mvolved oi least involved) side, 6 to 12 mm fiom the mid- 
line This is accomplished with the cnculai saw, attempting 
to divide only caitilage oi cartilage and mnei penchondnum 

U Vertical division through ciico-thyloid membiane, con¬ 
ti a-lateial coid and ventiicular band This may be along the 
same line as the division of the cartilage oi furthei postenor, 
m which case limited dissection beneath the perichondrium 
undeilying the mid-portion of the coid and ventnculai band 
is fust lequiied 

5 The lesion is caiefully inspected and its gross limits 
■verified 

6 External penchondnum is sepaiated from outer surface 
of thyroid ala on the involved side, as fai as the posterioi 
bolder and fiom uppei to lowei borders 

7 Infenoily, the line of excision is usually earned along 
the upper edge of the cricoid aicus and as far postenor as the 
crico-arytenoid joint capsule, which is incised if the arytenoid 
is to be removed The inferior cornu of the thyioid ala is 
separated fiom its attachment to the cricoid, on the outei 
surface of the lamina During this part of the dissection 
caie must be exeicised to avoid entering the thin-walled 
pynform sinus A honzontal segment of the cricoid arcus and 
lamina may be included if necessary 

8 Superiorly, the line of excision is usually at the uppei 
border of the thyroid ala, although a horizontal segment of 
the upper portion of the ala is often left in situ for support 
The soft tissues are divided along a line downward and pos- 
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Fig- 3 Extended fronto-lateral technique of partial larj ngectomi 
Placement of split-thickness skin graft is shown Following Introduction 
of the latex-covered foam-ruhber mold the free anterior portion of the 
graft is brought across the anterior surface of the mold and sutured to 
the external perichondrium of the remaining portion of left thyroid ala. 


contialateial cold and ventnculai band have been removed, 
01 if the arytenoid on the side of greatest involvement has 
been included, a split-skm giaft about 0 015 inches m thick¬ 
ness should be used Tins is obtained with the Biown electro- 
dermatome, usually fiom the area just below the clavicle, 
and is sutuied to the mucosal edge posteriory, above and 
below on the side fiom which the thyioid ala has been re¬ 
moved Antenoilv, aftei lepan of the mucosal edge on the 
conti alateral side as above, oi suture of a second 'portion 
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Lefl ihyroid ala 

(sectioned) 


if 

$rrr~Cr\co -arylenoidjoml 
fj ) v (capsule incised) 


t/pper border 1 
cricoid 


Fig 2 Extended fronto-lateral tec 5?i < ? 1 ue v la ?i Seen^dlvWed and the 
(Left thyroid ala cord and -ventricular band ha e c8g BU tures of 

& c&FBUle^of *the r crfco-^ , 5 ^teno^d > johnl^^nd ?SWt£Sit* of the Infer,or 
cornu of the thyroid ala haie been dl\ Ided 

covered with latex (condom rubbei) and long enough to ex¬ 
tend fiom the tubeiculum of the epiglottis to the fust trachea 
ling » mt,educed and ancho.ed .» place by two IBu* 
tluough sutuies of No 32 alloy steel wue Latex ally » 
f noilv the mold is coveied by the external peiichond 
"la’ivtch has been lemoved 1, If meatei P«t— of 
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Fig 3 Extended fronto-lateral technique of partial larj ngectom\ 
Placement of split-thickness skin graft Is shown Following* introduction 
of the latex-ctn ered foam-rubber mold the free anterior portion of the 
graft is brought across the anterior surface of the mold and sutured to 
the external perichondrium of the remaining portion of left thvroid ala. 

contialateial cord and ventiiculai band have been lemoved, 
01 if the arytenoid on the side of gieatest involvement has 
been included, a_spht-skm giaft about 0 015 inches m thick¬ 
ness should be used This is obtained with the Biown electro¬ 
dermatome, usually fiom the aiea just below the clavicle, 
and is sutuied to the mucosal edge posteriory, above and 
below on the side fiom which the thyioid ala has been le¬ 
moved Anteriorly, after lepair of the mucosal edge on the 
contialateial side as above, oi sutuie of a second "portion 
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of giaft m the same mannei, the lemaimng free edge of 
graft is bi ought across the antenoi suiface of the mold 
which has been mtioduced and anchoied as above, being 
sutured to the external peiichondnum on the conti alateial 
side 

11 The endotiacheal cathetei is lemoved, a No 6 tiacheal 
cannula mtioduced, and any accumulated tiacheobronchial 





Fig 4 Representati'v e surgical specimen remoted b\ the ex ^, er l2 e 5 
fronto-lateral technique On the left are seen the edge of the dlviaea 
left thyroid ala with corresponding portions of left cord and 'entrlcular 
band On the right are the posterior border of the lower two-thirds or 
the right thyroid ala with its inferior cornu The entire ar\ tenoid is 
Included the artcular facet being well shown The lesion involves tne 
anterior commissure and entire length of the right cord with extension 
into the \entricle moderate impairment of motility had been obser\ea 
Patient lix ing and well after fi\e \ears 


secietions aspnated In closuie, diamage is not used, except 
foi that piovided aiound the tiacheal cannula, wheie the 
edges of the incision aie bi ought togethei lathei loosely 

POST-OPERATIVE CARE 

The usual measuies m the caie of the tiacheostomy patient 
are employed (humidification and cathetei aspnation of 
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secretions well below the end of the tracheal cannula) If 
secietions are tenacious, steiile saline 3 to 5 cc is instilled 
through the cannula befoie each aspiration Nebuhzation of 
detergents such as Alevaire® oi mucolytic agents and instilla¬ 
tion of gomenol 10 pel cent are useful m pievention of crust¬ 
ing The nursing staff should be instructed to leport prompt¬ 
ly anv degree of dyspnea, however mild 

With the mold m place, taking of nounshment does not 
appeal to be an important pioblem Liquids aie given for 
the fust 24 to 48 hours, following vhich soft diet is usually 
well tolerated Antibiotics (penicillin oi pemcillin-tetra- 
cycline) aie given until the likelihood of wound infection has 
passed, ordinarily about seven to ten days Pie- and post- 
opeiative cultuies aie useful m determining antibiotic sus¬ 
ceptibilities, particularly if the hemolytic staphylococcus 
auieus, coagulase-positive, should be involved Demerol or 
codeine may be used foi local discomfort, but aie rarely re¬ 
quired after the first 24 hours Ambulation is encouraged on 
the first post-opeiative day 

The tiacheal cannula is changed daily aftei the first day 
and the foam-rubber mold removed in about ten days Fol¬ 
lowing lemoval of the mold, some spill-over of liquids into the 
larynx may be expected foi a few days, and aspnation through 
the tracheal cannula is continued during this period as needed, 
to prevent the occurrence of aspiration pneumonitis Once 
swallowing can be accomplished without appreciable spill¬ 
over, the tracheal cannula may be removed, providing the 
airway seems adequate, after a trial period of corking for 
one or two days 


SEQUELAE 

As in other types of partial laryngectomy, the occurrence of 
excessive granulations may require direct laryngoscopic re¬ 
moval, although this is not likely if the skin-graft remains 
viable Sequestration of cartilage fragments has not been 
observed m any of our cases operated by this technique 

Adherence of secretions to the area of skm graft has oc- 
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casionally been noted foi a few weeks 01 months aftex opeia- 
tion, but may be laigely avoided by bedxoom humidification 

Post-opeiative stenosis of significant degiee occuried m 
two of the senes of 16 cases lepoided heie Tiacheostomy 
followed by insertion of an aciylic mold without 1 e-opening 
the laiynx fox pexiods of ten and 21 days xespectively was 


EXTENDED FRONTO-LATERAL (MOLD-CRAFT) 
16 CASES 



years 

Fig- 5 Results In 16 cases of partial larv ngectom) b> the extended 
fronto-lateral technique (see text) 


lequued, but m both cases decannulation was latei accom¬ 
plished (m 5 and 12 months lespectively) 

RESULTS 

Survival data in the 16 cases lepoided aie shown m Table 
V Of the six patients who qualify fox five-year follow-up, 
five (83 pei cent) are appaient cuies and one died 16 months 
aftei operation, of caicinoma of the lung, without evidence 
of local recuuence oi cei-vical node metastasis Whether the 
lung caicinoma was primary ox metastatic is undetermined 

Of the entne gioup of 16 cases, only one patient developed 
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local lecuiience A laiyngectomy was done, and he is living 
and well aftei foui years Theie was no operative or post¬ 
operative mortality m this senes 

COMMENT 

The frequency with which the "extended fionto-lateial” 
technique may be applied is not great During the period m 
which the 16 cases reported weie observed, partial laryngec¬ 
tomy by othei techniques was performed in 105 cases, ie, 
tire relative fiequencv is approximately 1 7, however, no one 
would question that these patients, most of whom by pievious 
standaids would piobably have been tieated by laryngectomy, 
have been given an impioved outlook for rehabilitation with¬ 
out appreciable mciease m nsk of i eminence Although the 
post-opeiative voice is, on the average, pooiei than following 
the moie limited types of partial laryngectomy, it is usually 
adequate foi oidinary pui poses of communication 

As m any type of partial laryngectomy, the initial suigical 
exposuie of the lesion should be thiough tissues known to be 
uninvolved, and the actual excision performed without haste, 
the maigm of noimal tissue surrounding the lesion being in 
vrev at all times Pionrpt healing is favoied by preserving 
intact the perichondnum on at least one suiface of all remain¬ 
ing portions of caitilage. 

Our piesent technique differs from that of Figi m that, 
1 the split-skin graft is fitted to the mucosal defect and 
sutuied m place, lathei than being fixed to the foam-rubber 
stent which is latei to be removed, and 2 we have not found 
it necessary to insert loutmely a second mold immediately fol¬ 
lowing lemoval of the first, as descnbed by Figi 

Since all of the lesions tieated in this series weie essentially 
of the intrinsic type, or of only slightly greatei extent, radical 
neck dissection was not performed In none of the cases 
were cervical nodes palpated initially, and none developed 
cervical node metastasis after operation 

The "hemi-laryngectomy” of Gluck appears to have been 
laigely abandoned as a form of suigical treatment, at least 
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in this countiy Piesumably this is because of the maiked 
post-opeiative impaiiment of both the airway and the pro¬ 
tective mechanism dunng swallowing The teim “hemi- 
laiyngectomy," which implies lemoval of an anatomic half 
of the laiynx (including cncoid) as described by Gluck, 
should piobably not be used in refeinng to the type of opeia- 
tion which we have called, m an attempt to be accuiately 
descuptive, the “extended fionto-lateral ” 

The usefulness of this pioceduie appeals to be in its mtei- 
mediate position between the moie conseivative types of 
paitial laryngectomy and total laryngectomy By judicious 
selection of cases, it is likely that one may avoid, on the one 
hand, the temptation to tieat by conseivative opeiation a 
lesion which is slightly beyond the accepted indications, and 
on the othei, to lesort to total laiyngectomy when a less 
ladical operation would be sufficient. 

SUMMARY 

1 A technique of “extended fionto-lateial” partial laryn¬ 
gectomy is described, and results m a senes of 16 cases of 
caicinoma of the larynx treated by this method aie leported 
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CARCINOMA OF THE LARYNX 
Contralateral Metastasis in Lesions Approaching the Midline *f 

Norm an Jesberg, M D , 

Los Angeles, Calif 

Statistical leports of laryngectomrzed patients are in close 
agreement as to the rate of recun ence, approximately 30 
per cent of patients thus treated develop metastatic cervical 
lymph-node disease Of this group, approximately 35 pei 
cent may be treated successfully by a secondary radical neck 
dissection In ordei to impiove oui present cure late, we 
must considei what happens in these cases which develop 
cervical lymph-node extension 

It is certain that an improvement may be expected by ex¬ 
tending the primary operation to include the lymphatic con¬ 
tents of the neck, but the mam difficulty is m selecting the 
cases which may be expected to benefit by such an extended 
operation Kuhn 1 has given us a statistical leport on the 
types of cases wheie we may expect metastasis to occur He 
reported that 57 per cent of all non-cordal and diffuse growths 
were complicated by metastatic lymph-node disease, and that 
cordal growths with a moderate extraeordal extension ranged 
up to 34 per cent Approximately 75 per cent of pyriform 
smus and 78 per cent of marginal lesions were accompanied 
by metastasis 

One cannot help being impressed by the element of un¬ 
predictability m the biological behavior of these growths 
For example, one patient may have a bulky, primary, extra- 
cordal growth without metastasis, and another case with a 
small cordal lesion may eventually manifest incurable metas¬ 
tatic disease The exceptional cases should not alter our 
plan of treatment, which is based on statistical probability, 

•Read at the meeting- of the Western Section American Baryngologica] 
Rhlnological and Otologlcal Society Beverly Hills Calif Jan IS l«58 

tProm the Bos Angeles Ej e and Eear Hospital and the Department of 
Otolarj ngology of the University of Southern California School of Medicine 

Editors Note This manuscript received In The Baryngoscope Office and 
accepted for publication May 8 1958 
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but we should lecogmze at the same time that theie is a 
measuie of individual behavioi m the activity of the disease, 
the couise it takes, and the lesponse to theiapy We should 
anticipate and be piepaied for the unexpected It is not 
possible to make an absolute piediction on the basis of sta¬ 
tistics, foi no two cases aie similai m all of the impoitant 
particulais 

Successful tieatment by means of an extended suigical 
appioach depends not only on anticipating what lesions may 
pioduce metastasis but also on which lymph-nodes may be 
involved 


CLINICAL TYPES OF LYMPH NODE METASTASIS 

The usual case developing clinical evidence of metastatic 
lymph-node disease does so m the fnst 01 second postopeiative 
yeai The customaiy site is m the nodes of the neck on the 
same side as the pumaiy giowth These cases can be tieated 
with success by a one-stage laiyngectomy and ipsilateial neck 
dissection 

In midlme growths, such as those of the epiglottis, antenor 
commissuie, inteiaiytenoid space or postcucoid axea, theie 
is obviously a potential foi bilateral metastasis, and these 
cases aie much more difficult to manage Heie one is at a 
loss to pi edict the duection 01 daections of neoplastic ex¬ 
tension Until the time when one-stage laiyngectomy with 
bilateial ladieal neck dissection is moie feasible, one must 
choose eithei an opeiation including the laiyngeal lesion 
and the lymphatics of the side of gieatei involvement, 01 
wide-field laiyngectomy alone 

Less frequent and less to be expected is contialateial me¬ 
tastasis fiom a lesion decidedly on one side but appioachmg 
the midlme Reed 2 has reported this to occui, however, m 
10 pel cent of the cases developing leeunence aftei laryn¬ 
gectomy If we include those lesions which pioduce bilateral 
metastasis, the figure comes closei to 20 per cent This 
conti alateral metastasis is an occurrence which laryngectomy 
and neck dissection on the expected side of metastasis would 
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Fig 1 Photograph of the gross pathological specimen showing a large 
right eplcordal growth imolvlng the \entricular band base of the epiglot¬ 
tis and extending to the midline There is a congenital absence of the 
greater horn of the th'rold cartilage on the right 


be poweiless to cuie I have had two cases which piesented 
this pioblem 

CASE REPORTS 

Case 1 C H a 6G year-old white male was first seen April 3, 1951 and 
complained of progressive hoarseness of one-and a half year s duration and 
Increasing difficulty in breathing and pain around the right ear of two 
months duration Examination of the ears was negathe Examination 
of the lartnx showed a large proliferating neoplastic lesion of the right 
ventricular band and base of the epiglottis The breath space was nar 
rowed so that the true vocal cords could not be visualized There was no 
palpable cervical lvmphadenopathv 

Tracheotomy followed bj laryngoscopv and biopsy was done The 
blopsv report was transitional epidermoid carcinoma Grade II Wide- 
field larvngectomv was performed under local anesthesia on April 30 
1951 The surgical specimen is shown in Fig 1, and demonstrates 
a large right ventricular band and epiglottic base lesion which extends 
to the midline of the epiglottis The entire bvoid bone strap muscles. 
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larynx and upper tracheal rings were removed The only other abnormal 
finding was that there was a congenital absence of the greater horn of 
the thyroid cartilage on the right 

Convalescence was prompt, and he was discharged from the hospital 
on the ninth postoperative day He did not learn esophageal speech, due 
to a marked nerve deafness, but he progressed satisfactorily otherwise 

On June 20, 1952, two hard, freely movable, metastatic nodules were 
palpated under the anterior border of the left (contralateral) sterno- 
mastoid muscle The nodules were approximately 2 centimeters and 1 



Fig 2 Photograph of the gross pathological specimen showing a 
growth of the right perlarytenold region extending into the ventricle 
There Is a small cyst Just below the anterior portion of the right 
ar> epiglottic fold 


centimeter in diameter Since thej were freely movable and since he 
was otherwise a good surgical risk, a left radical neck dissection w?as 
advised This advice was declined, and the patient did nothing until 
Jul> 6, 1953 when he presented himself for radiological treatment The 
metastatic neoplastic masses were then large, fixed and attached to the 
skin, 8000 r were given to the left side of the neck and as might be 
expected the response was not favorable The metastatic masses con 
tinued to get larger, and he died on January 26, 1955 At no 
during the three-and a half jears he was knowm to ha\e metastatic dls 
ease in the left side of the neck did it become clinicallj manifest on the 
right side, the side of the eplcordal prlmarj growth 

Case 2 H V R , an SI jear-old white male, was first seen April 4 1955, 
and complained of hoarseness of six weeks duration He bad been in 
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good general health most of his life but had had a ‘slight strobe tuo 
years before without anv residual symptoms Examination of the larvnx 
showed decreased motility of the right true vocal cord On a subsequent 
examination, a diffuse surface irregularity was observed around the right 
vocal process of the arvtenold cartilage and the posterior portion of the 
true cord Larvngoscopv x\lth biopsj was not done until July 15 1955 
at nhich time there was a diffuse peri arvtenoid hemorrhagic, surface 
lesion extending into the right ventricle The pathological report was 
squamous carcinoma superficial (ungraded) There was no palpable 
cervical lympbadenopathy 

'U'lde-field laryngectomv under local anesthesia was done on August 2 
1955 The hyoid bone strap muscles larvnx and upper tracheal rings 
vere removed The lesion (see Fig 2) surrounded the right vocal pro¬ 
cess and measured 2x1 centimeters It appeared to be flat and super 
ficial however on microscopic examination there was deep invasion 
around the right arvtenoid cartilage extending into the deep intrinsic 
musculature It approached but did not reach the midline of the inter 
arvtenoid space The microscopic diagnosis was Grade III epidermoid 
carcinoma He was discharged from the hospital on the eighth post¬ 
operative dav and did well until January 1957 when a hard fixed 
metastatic neoplastic mass y\as palpated in the area of the left (contra 
lateral) deep superior, cervical lvmph node In vleyy of his age and 
rather feeble general condition and in view of the fixation a radical 
neck dissection was not advised He remained comfortable but slowly 
became worse and died on July 7 1957 Although the solitary metastatic 
mass in the left side of the neck enlarged at no time yvas there anv 
clinical evidence of metastatic ly-mph node disease on the side of the 
primary- larvngeal lesion 


DISCUSSION 

One could explain contialateial metastasis bv the piesence 
of anatomical vanations m the lymphatic diamage system, 
howevei, Willis 3 lias piovided us with a pathological explana¬ 
tion, based on the distuibed dynamics of the lymphatic diam- 
age system in the piesence of neoplastic disease He suggests 
that the volume of piimaiy neoplastic tissue may pioduce an 
obstiuction m the noimal lymphatic flow, forcing letiogiade 
carnage of tumoi emboli and crossed deposition to the op¬ 
posite side He fuithei states that this ciossed metastasis 
may antedate lymphatic spiead to the ipsilateral side One 
would expect this to occui m model ate to laige volume tumors 
which appioach the midlme This was the situation m both 
of the cases leported In the epicoidal case, the lesion was 
laige and extended to the midlme In the peri-arytenoid case, 
the growth appealed to be very supeificial, howevei, on 
pathological examination it v as found to extend deeply around 
the light arytenoid cartilage, although not reaching the mid¬ 
lme posteiiorly In each of these cases, a one-stage larvn- 
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gectomy, with ipsilateial neck dissection, would have failed to 
encompass the disease 

SUMMAKY AND CONCLUSIONS 

1 A leport of two cases of diffuse umlateial caicmoma of 
the laiynx, which produced contialateial metastasis, is pie- 
sented 

2 These cases confirm the incidence of contralateial me¬ 
tastasis previously leported by Reed 

S An explanation foi this oecunence, based on letiograde 
embolic deposition, has been piovided by Willis 
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AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY HOME STUDY COURSES 

The 1958-1959 Home Study Couises m the basic sciences 
related to ophthalmology and otolaryngology, offeied as a 
part of the educational piogiam of the American Academy of 
Ophthalmology and Otolaryngology, will begin on September 
1 and continue foi a penod of ten months Detailed informa¬ 
tion and application forms may be seemed fiom Di William 
L Benedict, the executive secretary-tieasuiei of the Academy, 
15 Second Stieet, S W, Rochestei, Minnesota Registrations 
should be completed befoie August 15 



AN OBJECTIVE APPROACH TO THE COMPLAINT, 
LUMP IN THE THROAT * T 

G Arnold Henry, M D, 

Toronto, Canada 


Patients complain frequently of a lump m the thioat This 
teim sums up for them a numbei of vague, uneasy complaints 
which aie annoying and, sometimes frightening 

The physician m his office, 01 at the bedside, notes the 
complaints and clinical findings of Ins patient, and supple¬ 
ments Ins knowledge by laboiatory studies With this pictuie 
m Ins mind, he may consult the liteiatuie 

Modem systematized medicine usually assumes the diag¬ 
nosis and lecounts the symptoms, signs and laboiatory find¬ 
ings accompanying the condition In many instances, the 
two pictuies aie leadily supeiimposed, howevei, m a com¬ 
plaint such as this, the lesults aie likely to be confusing 
Without a definite plan of investigation, the phi sician fre¬ 
quently succumbs to the easy and popular new, and labels 
tile patient a neuiotic 

A few yeais ago, the authoi became niteiested in tins 
complaint One hundred and set enty-fn e patients were 
studied objectively over a five-veai period The lesults of 
that suivey will follow 

Reference to the medical texts showed tins complaint to 
be associated mainly with functional disturbances Some 
authoi s exercised considerable imagination in detei mining 
the causes, otheis took a moie objective approach 

Thomson and Negus, 1 m discussmg sensory affections of 
the pharynx, note that hypeialgesia and paraesthesia mav 
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lead patients to complain of soreness, lrntation, burning, 
choking, dryness, etc, and a sensation of foieign body m the 
thioat Most cases, they feel, are found among the hysteiical 
and neurotic, but abnormal sensations are also met m the 
anemic, gouty, dyspeptic, alcoholic and hypochondnac The 
nose, throat, lingual tonsil, eais, teeth, refractive enors, etc, 
may be a cause of reflex nntation Ledeier 2 says that, m a 
large proportion of so-called hysteiical cases, some local lesion 
will be found to account for the symptom, if the pharynx is 
carefully examined 

In the liteiatuie, Tiemble, 3 among otheis, diiected atten¬ 
tion to the lingual tonsil Mills 4 reported cases in which 
the nasal sinuses were the cause Moirison 5 stated that osteo- 
arthutis of the lowei ceivical spine was a fiequent cause of 
lump m the throat According to Boieadis and Gershon- 
Cohen,® osteoarthritis m the legion of the vertebial foiamma, 
with nan owing and loughenmg, is veiy important Inman 7 
believes theie aie two sepaiate kinds of sensation one caused 
by local inflammation ovei the aithntic piocess, and the othei 
along the whole length of the peripheial neive 

Lindsay, 8 m discussing functional diseases of the uppei 
swallowing mechanism, notes that a tonic spasm of the 
phaiyngeal musculatuie may occui m disoideis of the cential 
neivous system, such as tetanus 01 biam injunes, as well as 
in acute local infections A tome spasm piobablv occui s also 
m some psychogenic disoideis (cucophaiyngeal spasm, globus 
hystencus) 

Pastoie, Alduch, Richaids and Lmdsay, 0 m a panel dis¬ 
cussion on “A Lump m the Thioat,” coveied the oigamc, 
psychic and physiological aspects of the subject 

Clerf 10 stated that spasm of the cncophaiyngeus frequently 
may be called a lump in the thioat The lattei may be 
caused, also, by oigamc lesions m the esophagus 01 by leflex 
action fiom moie distant paits, associated with phaiyngitis, 
arthutis, 01 stiaight autonomic stimulation This lattei 
cause was developed by Hilgei,” who pointed out that dis- 
tuibances of the autonomic neivous system cause neuiovas- 
culai changes m a numbei of aieas These are evident m 
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the hypophaiynx as a pam and a lump Sjobeig, 12 m ex¬ 
pel imental woik on cats, showed that a high bilateial va¬ 
gotomy caused paialysis of the vocal coids and phaiyngeal 
paialysis Theie was also a stiong contiaction of the cnco- 
pharyngeus and caidiospasm This, he claimed, was due to a 
sympatheticotomc contiaction at both levels of the esophagus 

A compiehensive study of the gioup was earned out undei 
a wide vanety of headings These may be ananged as to 


TABLE I—AGE AND SEX OF 175 PATIENTS 


Female 


11C 

Under 40 years of age _ 

fiR 


Over 40 years of age_ 

51 


Male .. .... 


. 59 

Under 40 years of age_ 

.. 19 


Over 40 years of age 

40 



TABLE II—SITE AND DURATION OF LUMP 


Site of Lump— 

Cricoid Area __ _ ____ _____..107 

Vallecular Area ___ _____ 68 

Duration of Lump on First Visit— 

Under 1 month ____ ___ 53 

Under 2 months_______ _91 

Under 1 year____143 

After 1 year__ __ 32 


age and sex, site and duiation of the lump, associated com¬ 
plaints, clinical findings, management, tieatment and lesults 
of tieatment Notes weie made on the estimated psychogenic 
element involved m each case 

It will be noted that two out of thiee cases m this senes 
were female Contiaiy to geneial opinion, they weie moie 
likely to be undei the menopausal age Males with this com¬ 
plaint weie moie frequently ovei forty yeais of age 

The lump was localized most commonly at the cneoid level 
in the midlrne In the lemamder of the cases, it was situated 
higher, usually about the valleculai level, to one side or othei 
of the throat Most of the patients were sufficiently im¬ 
pressed with their complaint to seek early advice 











1260 


HENRY LUMP IN THE THROAT 


Lump m the throat is the expiess ion the patient finds best 
descubes the vague, disturbing sensation which warns him 
all is not well m this region of his body The associated com¬ 
plaints may be equally difficult to describe 

In 01 dei of fiequency, the following symptoms weie noted 
A feeling of dysphagia, soieness, fullness, and foreign body 
Cough, hoaiseness and bleeding weie piesent m lessei num¬ 
bers 

Dysphagia, to the point of actual interference with the 
swallowing of fluids 01 solids, was not common, although 


TABLE III—ASSOCIATED SYMPTOMS 


Dysphagia „ ___ _ _ __60 

Soreness Pain__ __„ __ 67 

Fullness Pressure _ „ _ __ „„ _ „ „ _43 

Feeling of Foreign Body__ „ ___ 28 

Less frequently—Cough, Hoarseness, Bleeding 


TABLE IV—CLINICAL FINDINGS 


Pharyngitis _ ____ „ „ 66 

Post Nasal Discharge__ _ _ _ _ 37 

Cervical Arthritis „ _ __ _ ~ _ _23 

Esophagitis_ ___ ~ _ - - - - _.21 

Malignancy _ .. .. ___ — .. — -15 

N Y D_ _ _ „ _ -- 30 

Foreign body, cysts, elongated styloid process, hyperthjroldism, 
anemia, alcoholism, tobacco 


occasionally seen with loss of weight It was usually de- 
scubed as difficulty with a diy swallow—then own secietion 

Soieness and pam weie of a vague, nagging nature, usually 
about the location of the lump They occuned lelatively more 
fiequently m the ventuculai aiea When piesent at the 
cucoid level, they occasionally ladiated substemally 

Fullness was usually associated with those who felt a 
foieign body or secietion might be piesent in the vallecula i 
aiea Piessuie was particulaiiy noted in the valleculai aiea, 
oi m patients with a laige thyioid lobe 
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In 01 dei of frequency, pharyngntis, post nasal dischaige, 
arthntis of the lowei cervical spine, esophagitis and caici- 
noma of the hypopharynx and uppei esophagus, wei e the most 
common findings Found less often weie foieign body, cysts, 
particulaily in the vallecula, elongated styloid piocess, lack 
of movement of a vocal cold It was noted m patients with 
hypothyioidism and sideiopenic anemia Patients with hypei- 
lintable thioats, as well as those who used alcohol and tobacco 
to excess, were noted m the senes 

Pharyngitis was the most common finding, noted usually 
m the lingual tonsil and the legion of the lateral pharyngeal 
bands Recent or active inflammation, lather than hyper¬ 
trophy, was the important finding Fiequently, theie was an 
aiea of hypeiemia m the legion of the lateial pharyngeal 
band just medial to the postenor pillai of the tonsil 

In most instances, alleviation of the offending cause by 
antibiotics 01 othei theiapy stopped 01 leheved the complaint 
Patients often stated that pievious soie thioats had caused the 
same complaint Occasionally, post nasal dischaige accom¬ 
panied the pharyngitis, but the two findings weie not legu- 
laily associated 

Patients with post nasal dischaige fell into two gioups 
those with profuse, and those with diy, crusty secietions, 
such as are fiequently seen with a low-giade postenoi smus 
infection Suppurative antial and ethmoidal infections were 
a factor m a few cases, and treatment of the smus infection 
lemoved the complaint Patients m the gioup weie tempor¬ 
al lly leheved of the lump by swallowing 

A numbei of patients with obvious alleigies 01 nutations to 
paints, chemicals and deteigents weie seen who, at times, 
had this complaint 

Arthntis of the cervical spine was obseived ladiologically 
m a number of cases The lowei three ceivical vertebiae weie 
moie commonly involved On the whole, other significant 
findings were not piesent, although the patients occasionally 
complained of soieness m the back and sides of the throat 
and m other aieas, such as the shoulders and anus Patients 
with seveie arthntis did not complain of a lump m the throat 
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A numbei of patients felt that a foieign body might be 
present, accounting foi their symptoms Wheie the history 
wauanted, ladiological studies and direct examination weie 
earned out Sometimes, m mdiiect examination of the hypo- 
pharynx 01 dnect examination of the esophagus, evidence of 
injury by a passing foieign body could be seen Only m a 
lelatively small number was a foieign body found It would 
seem that, foi a foieign body to be inteipieted as a lump, it 
must be small and lelatively non-niitatmg Injury to the 
letiophaiyngeal soft tissues with thickening may, m its eaily 
stages, feel like a lump 

TABLE V —ESOPHAGEAL EXAMINATION 42 CASES 


Negative _ __ _ __ __ _ _ S 

Upper Esophageal Cancer __ _ _ __ 7 

Foreign Body Trauma „ „„ .. _ _ _ _ 5 

Diverticulum __ _ __ „ __ _1 

Esophagitis _ ___ _ 21 

Cricoid and Cardiac Levels __ _ 10 

Cricoid Level_ „ _ _ _ __ _ 9 

Throughout „ 2 


Two instances will be mentioned buefly to show that these 
lattei factois cannot be ignoied A man was sent to my office 
with a lump m his throat and an accompanying phaiyngitis 
and “flu” eai The night befoie, while eating a gieen salad, 
he had a stinging sensation m his thioat Beyond the signs 
descubed, nothing fuither was evident by mdnect examina¬ 
tion m the legion of the hypopharynx A week latei, he 
letumed with a gieatly swollen aiytenoid and pyuform 
fossa A small metal staple, piobably the one used to close the 
plastic bag containing the greens, was seen on X-iay 

The second case was sent to me a week aftei she had com¬ 
plained of a lump and history suggesting a foieign body 
Theie was no longei the complaint of a lump Instead, there 
was a massive swelling of her lowei letiopharyngeal tissues 
A huge, supenoi mediastinal abscess was drained thiough 
the neck. 

Foity-two patients were examined esophagoscopicallv 
Early upper esophageal cancer, foieign bodies and foieign 
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body tiauma, and diverticula weie found m a small numbei 
of cases to be the cause of the complaint 

The remaining cases, constituting half of the gioup, veie 
labelled esophagitis They did not include inflammatory 
changes associated wi the first half of the gioup Ten of the 
cases showed a cnculai band of hyperemia and esophagitis 
extending an inch 01 moie down the esophagus from the 
cricoid level with a similar diffuse, and usually less appaient, 
aiea present at the eardia Nine cases showed esophagitis 
only at the uppei 01 cricoid level, and included three with web 
formation Two cases had moie or less diffuse esophagitis 
throughout with the greatest involvement in the uppei area 

The group with esophagitis at the cncophaiyngeus and 
eardia probably represent spasm at the two levels The second 
group seemed to be associated with a number of factors, such 
as reflex spasm, allergic and other irritants, sideiopemc 
anemia 


RADIOLOGICAL FINDINGS 

Manv of these cases had radiological studies including the 
chest, cervical spine, barium bolus and occasionally, spot 
films This was carried out m every case before esophago- 
scopy Studies of the lateral cervical spine showed the soft 
tissues and largeal cartilages, as well as the cervical spine A 
number of interesting pictures of osteoarthritis were obtained 
Barium studies m most cases gave evidence of postcncoidal 
cancel, although there was a tendency sometimes to miss a 
fair-sized lesion m this area Definite evidence of crico¬ 
pharyngeal spasm was not obtained, although, m a few in¬ 
stances, the radiologist suspected a hesitation m the bolus 
entering the esophagus 

The management of a patient with lump m the throat is 
important. With such a vague complaint, the patient frequent¬ 
ly suspects the worst The functional and emotional element 
is a varying factor m all cases Nearly everyone, when care¬ 
fully questioned, can relate stresses and strains in their daih 
life In this senes, clinical findings of significant value were 
found m the majonty of cases Treatment of the known 
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causes, with allowance foi the ovei lying functional factoi, 
should be the keynote of theiapy 

The histoiy and examination must be thoiough Tieat- 
ment will be based on the examination findings Wheie theie 
is no lesponse to theiapy m a month 01 so, thoiough ladiolog- 
lcal studies should be made If the lesults aie negative and 
suppoited by clinical findings, a fuithei waiting penod is 
justified Continuation of the symptoms at the cricoid level 
01 lowei should be followed by esophageal examination 

As soon as possible, a confident attitude must be stiuck, 
and the patient given to undei stand that the exammei is 
familial with his complaint He is told that it is seldom 
senous and that the necessaiy steps to safeguaid his health 
have been taken It is well to let him know that, while most 
patients lespond leadily, ojheis may have trouble foi a con- 
sideiable penod of time The advice of the family physician 
is available in most cases, the internist is fiequently con¬ 
sulted, the neuiologist occasionally, and the psychiatnst 
laiely 

The tieatment of phaiyngitis, inflamed lingual tonsils, 
lateial “phaiyngeal bands, postnasal dischaige, foieign bodies 
and mjunes caused by then passage, need not be laboied 
Tieatment foi the hypothyioid and anemic is essential Ad¬ 
vice legal ding alcohol, tobacco and obesity is important 

Esophagoscopy is moie than a diagnostic pioceduie The 
stretching of the cncopharyngeal sphmctei, bieakmg down 
of adhesions in aithutis cases, and lemoval of webs is bene¬ 
ficial The application of dilute silvei nitiate seems beneficial 
in piolonged esophagitis In addition to medication foi pie- 
senting conditions, thiamin clilonde is fiequently used, sodium 
iodide foi diy thioats and, in cucophaiyngeal spasm, anti- 
spasmodics 

The lesults of theiapy weie good in the phaiyngitis cases 
Most cases fell into the cuied 01 impioved gioup, with few 
failuies Impiovement usually meant that the patient was 
cuied of the complaint, but that it tended to lecui with ad¬ 
ditional phaivngitis The lesults weie much the same foi 
postnasal dischaige 
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The artluitis gioup was much haidei to estimate, both 
as to then validity and the lesult of tieatment It should be 
noted that the diagnosis is made, pumaiily, ladiologically 
A like gioup of patients without complaint would, doubtless, 
show eharactei istic osteoartlu itis Mostly, they weie im¬ 
proved, 01 no bettei About half of the esophagitis cases 
veie cured, the lemaindei falling about equally into the 
impioved and the no bettei category 

Patients with a legitimate foieign body 01 a \allecular ejst 
treated, did well The vague foieign bodies and the NYD 
group weie mostly impioved, with some cuied and otheis no 
bettei 

Wheie the lump was an eaily symptom of caicmoma or 
a stenosmg lesion, the progress of the patient was that of the 
disease The complaint, howevei, became lost in the moie 
senous presenting symptoms 

SUMMARY 

Lump in the throat best describes the patients’ summation 
of a numbei of vague complaints in this part of the body 
Vague symptoms are fiequently the leflection of similai clini¬ 
cal conditions which mav easily be oveilooked 

The complaint mav be present with phaiyngitis, postnasal 
discharge, moderate cervical arthritis and esophagitis It may 
occui with earlj letiopharyngeal swelling, leaction to a 
foieign body lodged 01 passed, or a cyst in the vallecula 
When it occurs with new giowth 01 stenosis, it is an early 
sign Emotional disturbances are capable of causing the 
complaint, and frequently affect the duiation and intensity 
of the presenting symptoms A numbei of general systemic 
conditions play an important part 

CONCLUSIONS 

There has been a tendencv to place the patient with the 
complaint, lump in the throat, m the realm of the neurotic 
In many cases, there is a varying element of truth m this 
belief 
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An objective appioach to the pioblem uncoveis significant 
clinical findings which aie the pnmaiy cause m the majonty 
of cases Satisfactory management of these patients em¬ 
bodies piactice of the tiue ait and science of medicine 
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DOES IRRADIATION OF INFANTS AND CHILDREN 
CAUSE CANCER OF THE THYROID ?*t 

Shirley Harold Baron, M D , 

San Fiancisco, Calif 


The possibility that cancer of the thyroid m childien and 
adolescents might be 1 elated to pievious 11 radiation of the 
head, neck, or thymus m infancy 01 eaily childhood, should 
be of great concern to otolaryngologists, the majonty of 
whom have prescubed some foim of ionizing radiation as an 
adjuvant m the treatment of recalcitiant ear, nose and throat 
diseases 


Duffy and Fitzgerald, 1 m 1950, suggested that inadiation 
of the thymus m infancy might be an etiological factor m 
cancer of the thyroid m children and adolescents Claik,- in 
1955, impiessed with this possibility, leviewed his cases of 
cancer of the thyroid m this age group He discovered m 
his 13 cases that all had been subjected to previous irradia¬ 
tion three, to the upper chest foi an enlarged thymus, three, 
to the neck for cervical adenitis, five, to the head and neck 
for enlarged tonsils and adenoids, one, to the face and an¬ 
terior chest for sinusitis and peribronchitis, and one, to the 
antenoi uppei chest for pertussis 

Disturbed by this startling report of Clark’s, I reviewed 
two cases of cancer of the thyroid m children that I had seen 
that year (1955) and found that they both had had irradia¬ 
tion for an enlarged thymus m infancy Subsequently, I 
encountered two more cases, and an additional three cases 
were reported to me by two colleagues The following are 
the case reports 

Case 1 D R.—Female 18 years of age Born Feb 1 1940 Pertussis 
Aug 8 1940 Chest Xrat SepL 5 1940, possibility of an enlarged 
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thvmus ” Given 204 i of Xiay radiation therapy to thymus (102 ), Sept 
13 1940, and 102 r, Nov 29 1940) Mass in isthmus and left lobe of 
thyioid noted on Nov 10, 1951 (11% jeais of age) Surgeij done on 
Juh 9, 1952 (12 'vears, 5 months of age) Diagnosis Paplllarv caicinoma 
of the thyroid, with extension to the pretiacheal fascia and regional 
lymph nodes, supplemental Xraj theiapy between July 30 1952, and 
Sept 5, 1952 X ray chest, Aug 12, 1952, showed pulmonary metastases, 
which have progiessively inci eased to the piesent however, patient 
appears well and has no complaints Intel val between ii radiation and 
diagnosis of cancer, 11 jears, 10 months 

Case 2 S O —Female 12 j ears of age, born June 11, 1945 Papillary 
caicinoma suigicallv lemoved on Apiil 6, 1954 (8 years, 10 months of 
age) Supplementary Xraj theiapy Chest X rav films were clear at 
that time, chest Xravs Dec, 1957, and Mai 1, 195S, suggest metastases 
Patient appears well and has no complaints 

In 1955, when I levlewed this case, the pediatrician stated that this 
child had had mediation both to the thymus and nasopharjnx, lion 
vei, in 1958, a lecord of prior irradiation could not be found, hence, 
there is no certainty that this patient had had prior irradiation 

Cast 3 R W—Male 18 years of age Irradiation to thvmus for 
lespiiatoiy difficulty at foui months of age, mass in tlivroid discovered 
at age 15 Surgeiy right radical neck dissection and total tlij roidectomj 
for papillary adenocarcinoma Postoperative complication cerebial 
edema and paitial blindness which persists, feels well 

Amount of inadiation in infancy could not be obtained, but there is 
no question that it was given Interval between irradiation nnd diag 
nosis of cancer 15 veais 

Case 4 M M—Female, 11 veais of age Irradiation to thjmus at 
eight months of age Total of 800 r (four treatments of 200 i each 
measured in all) were given in a two week period Jan 5, 1948, using 
200 kv 50 cm distance and % mm of copper and 1 mm of aluminum 
filtiation Total thyroidectomy and left radical neck dissection, Sept, 
1952 (age 5 jears 4 months), supplemented with indioactive iodine, 
Oct, 1952 Diagnosis Alveolar caicinoma of thj’roid and regional lymph 
nodes Present condition feels well but there is evidence of lung and 
mediastinum metastases Interval between irradiation and diagnosis of 
cancer 4 years, 9 months 

Case I S B*—Female, 19 jeais of age Ii radiation to tlnmus at six 
months of age Total dose 450 r (150 r, 6/14/39, 150 r, G/21/39, 150 r 
G/28/39) , 200 lex 1 mm copper and 1 mm aluminum filter Tin 

roid surglcallj removed 16 years of age Diagnosis Adenocarcinoma, 
patient is asjmptomatic at present No evidence of pulmonarj metas 
tases, internal between irradiation and diagnosis of cancer 15 jears 

Case G C P*—Male 12 jears of age Irradiation of nasopharjngeal 
lvmplioid tissue at about the age of five dose not known Twostnge 
operation foi cancer of the tin roid j\itli cer\ical node metastases 

1 Right lobe of tin roid removed and right radical neck dissection, 

2 two weeks later left lobe of tin roid removed nnd partial left radical 
neck dissection, supplementarj tlierapj with I 131 At present almost 
three jears later no evidence of neck recurrence or lung metastases In 
terval between irradiation and diagnosis of cancer 7 veers 

Case 7 D J—Male 7 jears of age Four X raj treatments to the 
thvmus at three months of age exact dose not known Surgerj for 

•Reported through the courtesv of Dr XV llllnm S Freeman Jr 

•Cases 6 nnd 7 reported through the courtesj of Dr Leonard Dobson 
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cancer of the tin roid with metastases to cervical nodes total right 
thyroidectomy with right radical neck dissection and sub-total left thy 
roidectomy, supplementary therapy with Im At present two and one- 
half jears later, no evidence of neck recurrence or lung metastases In 
terval between irradiation and diagnosis of cancer 7 yeais 


REPORTS FROM THE LITERATURE 

These seven cases (one doubtful), added to those of Claik, 
piompted this leview of the evidence foi and against the 
possible lelationship of cancel of the thyroid m childien and 
adolescents to pievious madiation 

Duffy and Fitzgeiald, 1 m 1950, leported 28 cases of histo¬ 
logically diagnosed thyioid caicmoma m childien and adoles¬ 
cents, 18 yeais of age oi younger Ten cases m tins senes 
had been subjected to madiation to the thymus foi ob- 
stiucted lespnatory symptoms ascnbed to “enlaigement of 
the thymus” In all cases, these weie shoit couises of low 
voltage Roentgen lays admimsteied some time between the 
fourth and sixteenth month of life These authois stated, 
“to piopose a cause-and-effect lelationship between thymic 
madiation and the development of cancer would be quite 
unjustified on the basis of data at hand, when one considers 
the laige numbei of childien who have had madiation to 
‘enlaiged thymus’, howevei, the potential caicmogemc ef¬ 
fects of madiation aie becoming mcieasmgly apparent, and 
such lelationships as those of thymic lnadiation m eaily life 
and the subsequent development of thyioid oi thymic tumors 
might be piofitably exploied” Seven yeais latei, Duffy 3 
stated, “theie is stiong cncumstantial evidence that thera¬ 
peutic X-irradiation m infants may be an etiologic factoi m 
thyi old cancel of childhood and adolescence ” 

Simpson, Hempelmann and Fullei, 4 m 1955, leported a 
study of the subsequent history of 1,400 of 1,722 childien who 
leceived X-ray theiapy to the thymus gland In 17 of these 
childien neoplasia is known to have developed, including 
seven cases of leukemia and six of caicmoma of the thyioid 
This is a significantly highei incidence than was found among 
the untieated siblings of the nradiated childien oi m the 
general population In addition, nine tieated childien were 
found to have had thyioid adenoma All of these cases of 
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cancer of the thyroid had had an amount of lnadiation of 
200 r or moie 

Adding to this study, two years later Simpson and Hempel- 
mann 5 bi ought the total cases tiaced to 1,502 tieated by 
X-ray and 1,933 of their untreated siblings Of those tieated 
by X-iay the known cases of thyroid cancel increased to 11 
Relative to then leport of an mci eased incidence m leukemia, 
it is noteworthy that Court-Brown and Abbatt 8 reported an 
increased incidence of leukemia m patients with ankylosing 
spondihtis treated with X-iay, and Stewart 1 and associates 
speculated that diagnostic u radiation tn utero may occasion¬ 
ally cause leukemia or cancer in the unborn child 

Wmship 8 0 started a survey of childhood thyioid caicmoma 
m 1948, but not until 1950 did he start to inquire about a 
history of nradiation In his report of 275 cases in 1955,® 
Wmship stated, “Counting all the known cases m the United 
States of childhood caicmoma of the thyroid, almost 20 per 
cent have had irradiation of the thymus gland or to the neck 
for some othei disease This is a significant percentage " 

Majarakis, Slaughter, and Cole, 11 m 1956, recoided 15 cases 
of cancer of the thyroid m children and adolescents between 
five and 20 yeais of age Ten of these had a history of ir¬ 
radiation to the head and neck between two months and six 
years of age, with doses ranging from 200 r to 625 t In this 
group of nine females and six males, the interval between the 
therapy and the diagnosis of cancel was approximately 7 8 
years 

Frantz 12 told of two cases of caicmoma of the thyroid, one 
following ii radiation for the keloid of a bum scar and the 
other for a giant tongue Cancer developed after 10 years 
m one and 15 years m the other The radiation m each case 
was m small doses 

In 1956, Fetterman 13 reported ten cases of thyioid carci¬ 
noma m children undei 16 years of age Eight of these had 
received prior lnadiation, two foi hemangiomas of the 
upper face and chest, two for enlarged lymph nodes, one 
for enlarged tonsils, and three for a piesumably enlarged 
thymus Fetterman emphasized the importance of lepeated 
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questioning which, doubled the numbei in his senes known 
to have been previously madiated, that is, in foui of Ins 
eight cases a discovery of previous madiation was made only 
aftei repeated questioning Fetterman suggested that, m 
the series of Ravdm and Horn, 11 and of Wanen and associ¬ 
ates, 15 moie pointed questioning might have elicitied informa¬ 
tion that there had been pievious madiation m a higher per¬ 
centage of cases Klopp, 16 too, felt that the incidence of pie¬ 
vious irradiation m childhood thyroid cancer would be even 
highei if more conect information could be obtained by moie 
caieful questioning He 1 elated the story of one case m 
which pievious madiation had been denied by the patient 
and the fathei, but latei information fiom the divoiced mothei 
m anothei city levealed that the patient’s thymus had been 
n radiated m infancy 

In an article fiom the Johns Hopkins Hospital, which is 
in the piocess of publication with Di Samuel Aspei 1 ' as the 
puncipal investigator, the following is being stated “In a 
survey at the Johns Hopkins Hospital, theie weie found 40 
thyroid caicmomas m people undei 25 yeais of age, 17 of 
these had leceived X-iay therapy of some kind Of the 17, 
six had so-called cioss-fne X-iay of the tonsils, two had 
X-iay of the tonsils and nasopharynx, four leceived X-ray 
to the thymus, two, X-iay foi acne of the upper back and 
face, one, X-iay foi an enlarged tongue, one, X-iay for a 
laryngeal polyp, and one received treatment by ladium pack 
ovei a hemangioma, which piesented over the inner portion 
of the clavicle 

Notwithstanding all this evidence, theie are a number of 
factors which have been piesented m opposition to the belief 
that theie may be an association of irradiation m infancy to 
caicmoma of the thyioid In an editonal m the Biitish 
Medical Journal, 13 leferring to the leports of Rawson and 
associates 19 and Bielschowsky, 20 it is stated “It could be 
argued, howevei, that the thyroid cancers m the tieated chil¬ 
dren were not caused directly by the irradiation, but were 
m some way due to the destruction of the thymus There is 
evidence (Rawson, et al) that the thymus may be one of the 
sites of removal of circulating thyrotrophic hormone Since 
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thyiotiophic hoimone is known to play a pait m the de¬ 
velopment of cancer of the thyroid (Bielehowsky), it is con¬ 
ceivable that the destiuction of the thymus might in itself do 
something to piovoke cancer of the thyroid by mci easing 
the amount of thyiotiophic hoimone m the blood ” Countei- 
actmg tins speculation is the number of thyioid cancel cases 
m which the previous n radiation did not involve the thymus 

It is possible, too, that some of the thyioid cancels, thought 
to have developed after n radiation, might have been present 
before the lnadiation Wmship 10 pointed out that in his 
collected senes of 400 cases of caicmoma of the thyioid in 
childien, 12 had tumois at birth, these subsequently pioved 
to be caicinomas Uhlmann 21 told of a patient who failed to 
respond to X-iay therapy foi enlaiged cervical lymph nodes, 
two months after treatment a biopsy revealed metastatic 
carcinoma of the thyroid 


Uhlmann, 21 m a study of 25 patients under the age of 
21 who had been refened to him foi tieatment of carcinoma 
of the thyioid dunng 18 years between 1938 and 1956, found 
that only four had had pievious inadiation During the 
same 18 years, he admimsteied ladiation therapy to 2,500 
childien foi hypertrophic lymphoid tissue m the pharynx and 
foi enlarged tonsils In a follow-up of only 480 cases of 
these, not a single instance of carcinoma was found dui mg 
a penod of seven years Uhlmann measuied the amount of 
ladiation that reaches the thyioid dui mg X-ray treatment foi 
benign hypeiplasia of the nasophaiynx His customaiy thiee 
tieatments, with a total of 375 r to each of two lateial fields, 
lesulted m a maximum of 18 r leaching the skm above the 
thyioid ovei a penod of two weeks which, according to him, 
is much less than the amount of radiation that leaches the 
thyioid dunng the usual fluoroscopic examination of the 
chest * 

Uhlmann, m his leport of 1956, stated that he thought it 


•A measure of fluoroscopic radiation was made by the X-ra> I^ppart- 
ment of the Stanford Unl\erslt\ iredlcal School T ?, e rnun l r , < il?f e „„ of 

radiation at table-top was 3 2 r per minute A skillful flboroscopi t can 
rone down the field of exposure to a ^ ery small area in the chest thus 
n-ioldlng the thjroid therefore members of the Department f c0 Ujat 
?n a well-planned fluoroscopy it would be extremely unusual W ■expose 
the thyroid to a gTeater amount of radiation than might be applied to 
thl same area" during- therapeutic use for benign conditions 
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significant that m animals cancel of the thyioid had nevei 
been pioduced with X-rays, howevei, m 1957, Doniach 32 pio- 
duced thyioid cancel m seven out of 21 lats, when 1,100 lads 
of X-iay theiapy was admmisteied to the rat thyioid fol¬ 
lowed by piolonged methylthiouiacil theiapy In only one 
of 13 animals with this same X-iay dose but without methyl- 
tliiouiacil, did thyioid cancel develop 

Uhlmann feels that, statistically, the com elation of irradia¬ 
tion and the development of carcinoma of the thyroid is 
untenable In addition to his own cases, he lefers to othei 
reports of 68 children with cancel of the thyioid (Dailey 
and Lindsay, 23, 23 Horn and Ravdin, 22, 14 and Wanen and 
associates, 23 15 ) and only one had had pievious X-rav ther¬ 
apy 

Theie is, on the othei hand, certain experimental work 
referred to by Duffy, 3 which indicates that the administered 
madiation is potentiated by endogenous endocrine activity m 
the development of thyroid cancel Such a mechanism may 
account foi the mci eased usk aftei the use of X-iays m the 
infant or growing child, compared to that in the adult Duffy 
stated, “Doniach 22 has suggested that a small dose of X-irradi- 
ation may act as the initiating factor, and that the subsequent 
‘noimal’ giowth and development of the thyroid fiom infancy 
to puberty may be the piomotmg factoi m the production of 
the thyroid cancel in childhood The dose of the external 
X-iays, oi other radiation, would not then be as important 
as the time at which it is admmisteied, since the mature 
adult thyioid tissue is appaiently leasonably resistant to the 
development of radiation cancel ” 

DISCUSSION 

Bordley, 2 ' lefeinng to the Johns Hopkins’ survey, stated 
“1 None of these cases leceived any of then lay therapy at 
the Johns Hopkins, which might lead one to believe that m 
institutions wheie gieat caie was taken by people special^ 
trained for this woik, the instance of needless irradiation of 
surrounding tissues is gieatlv reduced, 2 In the cases uhere 
X-raj v. as used on the tonsils and the nasopharynx, it was 
believed by the investigators that the coning of the X-rajs 
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was unnecessanly laige, and that the spiead of the tieated 
field was veiy much iaxgei than it should have been, with 
pietty definite indication that the thyroid became involved 
m the field, 3 Theie has been no evidence of any malignant 
changes related to lnadiation with the Beta lay applicatoi 
This is peifectly natuial, due to lack of penetiation of the 
Beta lays To my mind, it is perfectly evident that to X-iav 
someone because a tongue is enlaiged, 01 because he has a 
laiyngeal polyp, 01 to lemove the tonsils m a child, is a lather 
unnecessary pioceduie ” 

Duffy 24 stated, “Although cause and effect have obviously 
not been pi oven, the possibility of ladiation being a factoi 
in the cause of thyioid and othei cancels m the young is such 
that ladiation foi benign conditions m infants and early 
childhood should be condemned ” A similar sentiment was 
expiessed by Simpson and Hempelmann, 6 Klopp, 16 Beiman, 16 
Copeland, 10 Dennis, 23 and Fetteiman 15 If this be the case, 
what then should be the position of the otolaryngologist who 
has piescubed ladiation as a theiapeutic aid foi many yeais 7 
He cannot ignoie the lepoits of the potential hazaids of 
ladiation, noi can he discount experiences such as those of 
the otolaiyngologists of the Johns Hopkins Hospital, who have 
used nasophaiyngeal ladiation since 1924, and m whose cases 
it has been said, 2 " theie has nevei occuned cancer of the 
thyroid A step towai d the solution of this dilemma would be 
a le-evaluation of the indications One might ask, “has madi- 
ation been leally necessary 7 ” Foi example, could not the 
2,500 cases leported by Uhlmann, 21 madiated foi enlaiged 
tonsils and adenoids, thioat infections, reeuiient colds and 
impaued heaung, have been leduced to 250 oi even 25 7 Does 
one have to lesoit to ladiation (as leported 26 ) foi chiomc 
cough, coryza, mouth breathing, snoimg, nasal voice, anorexia, 
gagging, vomiting and choking due to postnasal drainage 7 
Is radiation leally indispensable m tieating conduction deaf¬ 
ness of tubal ongm 7 

There is no question that much of the ladiation prescubed 
could be dispensed with I stated this m a pievious paper, 20 
and piesented as an example of a certain group of patients, 
the case of a seven-and-a-half-year-old girl whose second 
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adenotonsillectomy was supplemented with X-ray inadiation 
Her good hearing lesult (see Fig 1) was thought at the time 
to be due to the combination of suigery and 11 radiation, but 
subsequent conti ols, as lepiesented m Fig 2, treated by 
meticulous nasopharyngeal surgery but without inadiation, 
produced the same good lesults 


ss ¥7& SECOND TfA PLUS IRRADIATION 
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Fig 1 Pre- and postoperative audiograms of S S a 7^4-j ear-old girl 
The surgerv a second adeno-tonsillectomj uas supplemented with Roent¬ 
gen Irradiation This was one of J a number of cases whose good results 
«ere thought at the time to be due to the combination of surgerj and 
Irradiation but subsequent controls as represented by Fig 2 suggest that 
adequate surgerj was responsible for the imprcn ement 


Further evidence of unnecessary use of inadiation was 
pointed out in the case of a 45-year-old male (see Fig 3), 
who had tubal obstruction with secretory otitis conduction 
impairment m his only hearing ear He had had one course 
of 320 r of X-ray irradiation to both right and left sides, 
another course of 700 r four years later, and an additional 
50 mg radium plaque, Monel-filtered, against each Eustachian 
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tube foi a penod of eight minutes His lecunent secietory 
otitis and deafness did not improve Subsequently surgical 
removal of the nasopharyngeal lymphoid tissue and tonsil 
tags, nine yeais after the first madiation tieatment, lesulted 
m a cuie of both the secretoiy otitis media and the conduction 
deafness Inadiation could have been avoided had suigery 


KM o*9 SECOND TvA- NO IRRADIATION 
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Fig 2 Pre- and postoperative audiograms of K. M. a 9-j ear-old bo> 
His second adenotonelllectomy without supplementarj Irradiation re¬ 
sulted In a hearing Improvement comparable to the group represented b> 
Fig 1 tvho had had supplementary Irradiation 


been tried fust This also demonstrated that masses of 
lymphoid tissue are not always melted away by u radiation 
in the doses used foi non-mahgnant conditions 

In geneial, it can be said that if a patient with a non- 
malignant eai, nose and throat disease is treated by lnadia- 
tion only after a fan tiial of othei adequate theiapy, the 
number of individuals who would be exposed to irradiation 
would be very small 
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CONCLUSION 

The few cases of cancel of thyroid m childien having had 
pnor irradiation, heiem presented, m addition to those pre¬ 
viously leported, do not permit one to conclude that irradia¬ 
tion of infants and clnldien causes cancel of the tliyioid to 
appeal m latei years, however, the possibility is sufficiently 


J P o*45 
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Fig - 3 Pre- and postoperatl\ e audiograms of Mr J P age 45 Chronic 
serous otitis media in right ear Course of X-ray Irradiation to naso¬ 
pharynx in MaA 1947 and October 1951 and one treatment with radium 
plaque Monel-filtered In December 1951 No impro\ement until naso¬ 
pharyngeal lymphoid tissue and tonsil remnants were removed surgically 
in June 1956 


startling to make one suspicious of potential hazaids of even 
small doses of radiation m childien Until the evidence is 
conclusive, for 01 against this 1 elationship, one should use 
great restraint m undertaking inadiation foi any non- 
malignant condition m infants and children Foi the oto¬ 
laryngologist, this caution should piove no handicap, for 
theie are very few benign ear, nose 01 tin oat diseases of 
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tube foi a peuod of eight minutes His lecunent secietory 
otitis and deafness did not improve Subsequently suigical 
removal of the nasopharyngeal lymphoid tissue and tonsil 
tags, nine yeais aftei the first madiation tieatment, lesulted 
m a cuie of both the secretoiy otitis media and the conduction 
deafness Inadiation could have been avoided had suigeiy 
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Fig 2 Pre- and postoperative audiograms of K. M. a 9-j ear-old boy 
His second adenotonslllectomy without supplementary irradiation re¬ 
sulted in a hearing- improvement comparable to the group represented by 
Fig 1 who had had supplementary irradiation 


been tried fust This also demonstiated that masses of 
lymphoid tissue are not always melted away by n radiation 
m the doses used foi non-malignant conditions 

In geneial, it can be said that if a patient with a non- 
mahgnant eai, nose and throat disease is treated by iriadia- 
tion only aftei a fan tnal of othei adequate therapy, the 
number of individuals who would be exposed to irradiation 
would be very small 
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infants and children which absolutely requne 11 radiation 
theiapy 


SUMMARY 

1 Seven cases of thyioid cancer m children aie reported, 
six of them aie known to have had theiapeutic irradiation m 
infancy These cases add furthei weight to the many similai 
reported cases of childhood thyroid cancel, pointing to X-ray 
as a major etiologic factoi for thyroid cancer m young pei- 
sons 

2 The evidence for the relationship of madiation and 
childhood cancer of the thyroid is inconclusive Some senes 
reported show little con elation, however, in the light of re¬ 
ported evidence it appeals not impiobable that madiation 
of the head, neck or mediastinum m infancy may mciease the 
chance of getting thyioid cancel some years latei Unless the 
etiologic connection comes to be disproved, it would appeal 
wise not to use ladiation on children if any othei therapy 
can be found 


ADDENDUM 

Since piesentmg this subject before the Amencan Laryn- 
gological, Rhmological and Otological Society, Inc, at San 
Fiancisco on May 21, 1958, an additional case appealed at 
the Stanfoid University Hospital, it was called to my atten¬ 
tion by Dr Joseph P Kiiss, and is being piesented through 
the courtesy of Di Caileton Mathewson, Ji , who is m chaige 
of the patient 

Case S R R 9 years of age Irradiation to thymus at three weeks of 
age Total of 225 r were given In a three-week period starting April 18 
1949 using 140 kv peak 20 milllamperes filtration % nim copper and 
1 mm aluminum half ■value laver 42 mm of copper target skin distance 
50 cm cone field size 10x10 cm but irradiated size 6x10 cm In June 
1957 surgery consisting of a left radical neck dissection with the removal 
of the left lobe and isthmus of the thvroid, was done On November 4 

1957 additional surgerv which involved a right radical neck dissection 
and the removal of the right lobe of the thyroid was done In Januarv 

1958 the child developed dyspnea A chest X ray revealed diffuse bi 
lateral pulmonary metastases Additional therapv in the form of I 131 
was given in June, 1958 

Interval between irradiation and diagnosis of cancer eight years 

Average Interval between irradiation and diagnosis of thvroid cancer 
for all cases herein reported 9 8 j ears 
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ALUMNI ASSOCIATION OF THE NEW YORK EYE AND 

EAR INFIRMARY 

The Annual Spring Meeting of the Alumni Association of 
the New Yoik Eye and Eai Infirmary last Apul was so well 
received that it has been decided to expand next yeai’s meet¬ 
ing, which will take place fiom April 20-23, 1959 

Symposia and lectures on Hearing Rehabilitation, Endo¬ 
scopy, and Ear Suigery will be conducted It is also planned 
to offei refresher courses in Mastoid and Fenestiation Sur¬ 
gery and Stapes Mobilization Techniques 

More complete information regarding the meeting will 
appear in a later issue of The Laryngoscope 



CYTOLOGIC DIAGNOSIS AND PROGNOSIS IN 
CARCINOMA OF THE MOUTH, PHARYNX 
AND NASOPHARYNX 

Eugene S Hop?, M D *j 
San Francisco, Calif 


According to a survey reported m the Cancer Bulletin / 
mouth and lip cancer comprise 10 per cent of all male cancer 
This same publication estimates that as high as 80 per cent 
of deaths from cancer of the mouth could be prevented by 
early recognition and prompt adequate treatment 

No attempt will be made m this paper to discuss clinical 
findings or treatment m cancer of the mouth and naso¬ 
pharynx The sole purpose of this study is to describe a 
valuable adjunct to the early diagnosis of cancer of these 
areas, and to demonstrate a means of evaluating radiation 
treated lesions m which repeated biopsies would prove harm¬ 
ful 

It was m 1949 that the late Dr Morrison, 2 Dr Wu and I 
first published the results of the application of the Papamco- 
laou-Traut 3 smear technique of cytologic diagnosis to cancer 
of the upper respiratory tract. In that first publication we 
were primarily concerned with the application of the smear 
technique to the early diagnosis of lesions m the nasopharynx. 
The success achieved m this area soon led to the application 
of the same technique to the early diagnosis of lesions m the 
mouth, pharynx and even larynx. The results of the cytolog- 
lcal studies made m these areas have been excellent. It should 
again be emphasized, as it was m the original paper, that this 
procedure is not intended to replace tissue biopsy and histo¬ 
logical exammation 


•Road at the meeting of the Western Section American Laryngologlcal 
Fhlnologlcal and Otological Society In<x, Beverly Hills Calif Jan. IS 


tFrom the Sub-Department of Otorhinolaryngology 
fornia School of Medicine San Francisco Calif 


University of Call- 
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the cell and degree of comification, the stammg coloi is not 
specific As might be expected, greater numbers of comified 
cells appeal m the tongue and gingival smeais, fewei m 
cheek and post-tonsillar smeais 

Fifty noimal smears from adults of almost equal sex distn- 
bution and vaiymg ages show no valuation of cytology foi 
sex, age or phase of the menstiual cycle Such studies weie 
leported by Millei et al 6 and Montgomery 5 in 1951 

In the noimal smear much nucleai variation is encounteied 
both as to size and shape and position m the cell, but the 
chromatin content is usually evenly distubuted and the cell 
cytoplasm has a distinct, clearly defined boidei The larger 
cells m mouth smeais lange from about 70 to 100 m p in size 
and the medium-sized cells range fiom about 35 to 40 m/i 
The nucleus is small compaied to the size of the cell, being 
about 10 m fL in the large cells and 5 m^. m the medium-sized 
cells 

Pi e-Mahgiiant Cytology Smears in ten cases of leukoplakia 
of the mouth were examined AlS noted by Weinman 0 and 
Montgomery and von Hamm 10 theie appeals to be no chai- 
actenstic cell type 

Malignant Cytology Mouth smears fiom malignant aieas 
aie usually rich m cells, the cell nucleus and nucleolus aie 
enlaiged, multiple nucleoli aie fiequent, and the diagnosis 
of malignancy may be made on the basis of thickened nucleai 
membianes, hyperchiomasia, abnoimal clumping of chiomatin 
mateiial and uneven distribution of chiomatin bits The cell 
itself has lll-defmed boi ders, may be distorted oi even with¬ 
out a visible, true wall Clumps of these cells are charactei- 
lstic, but they may be found singly Of course, the normal 
cytology of squamous cells, leukocytes and clasmatocytes, is 
also found in the malignant smeai 

Post-Radiation Cytology In caicmoma of the mouth and 
nasopharynx which is undei treatment with X-iay, malignant 
cells usually disappeai oi show senile changes aftei about the 
third or fourth week of therapy There is an increase m 
polymorphonuclear leukocytes and m pink or led staining 
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Technique Vanous methods have been descubed foi taking 
smeais m the mouth and nasopharynx Gladstone 8 used both 
gelfoam and cellulose sponges The sponge was rubbed over 
the surface of the lesion and then sectioned Thirteen mouth 
lesions weie thus smeaied Two of these had a positive tissue 
biopsy for caicmoma and these two also had positive smeais 
The lemamder weie all negative Montgomeiy 5 sciaped the 
mucosa with a Woodson’s No 2 metal plastic instrument, and 
Millei 6 and his co-workeis used a wooden spatula Both ob¬ 
tained good smeais, howevei, oui oiigmal technique, slightly 
modified, still seems the simplest A tightly wound cotton 
applicatoi is lubbed over the suiface of the lesion and the 
adjacent aiea The rubbing must be film but not sufficient 
to pioduce active bleeding The cotton applicatoi is then 
lubbed on the surface of a clean, dry glass slide The slide 
is immediately immeised m the standard fixative solution 
of equal parts of 95 pei cent alcohol and ethyl ether The 
slide is kept m the solution until leady to be stained Slides 
may be left m the fixing solution indefinitely oi stained after 
a minimum of one-half houi 

The staining technique follows the modified method of 
Papanicolaou and Tiaut' with but one exception EA 50 has 
been used to replace EA 36 oi 25 of step No 6 More lecently 
the technique of Phan, Wood and Traut 8 has been followed 
m the staining pioceduie 

Normal Cytology A study of the normal cytology of the 
lespective aieas being smeaied is essential to the diagnosis 
of the malignant smear In geneial, the histological chai- 
actenstics of the aiea determine the cells found in the noimal 
smeai In the nasopharyngeal smear theie may be found 
ciliated columnai cells, columnai cells which have lost then 
cilia, lymphocytes and polymoi phonucleai leukocytes Occa¬ 
sionally and particulaily m infection histiocytes, epithelial 
cells, bacteria and eiythrocytes aie seen 

In the mouth and pharynx ciliated cells are uncommon, and 
squamous epithelial cells predominate The staining of these 
cells vanes fiom blue to led to yellow While the determining 
factois m the coloi lange appeal to be age or maturation of 
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squamous cells This is especially noticeable m areas of ciliated 
epithelium wheie ciliated cells tend practically to disappear 
The staining characteustics of the cells are probably due to 
increased keiatmization and deci eased production of im¬ 
mature cells, with consequent increase m aged or damaged 
cells 


RESULTS 

One-hundied-and-four cases of benign lesions of the naso¬ 
pharynx, mouth, tonsil, and larynx had Papanicolaou smears 
made without a false positive for carcinoma Peters 11 m a 
very lecent report smeared 401 cases of leukoplakia, sub- 


TABLE I 



No of Cases 
of Carcinoma 

Positive 

Smears 

Negative 

Smears 

Nasopharynx .. 

12 

11 

1 

Mouth _ 

_ „ _.. .. ___.25 

24 

1 

Tonsil — 

„_ _ .. _ 14 

14 

0 

Larynx - 

__ 12 

11 

1 


mucous fibrosis, scleioma and other benign conditions m the 
mouth and obtained three false positive smears for a total 
enor of 0 7 per cent Silverman 12 and his co-workers at the 
Univeisity of California, in a fine study soon to be published, 
reported no false positive mouth smears in a group of 60 
patients 

Table I recoids the results of the cytological studies in the 
nasopharynx, mouth, tonsil and larynx 

Three cases of carcinoma of the mouth wei e studied cytolog- 
lcally during and aftei radiation tieatment All smeais 
were negative by the fourth week of therapy One remained 
negative and the patient showed no evidence of recurrence 
five years post-radiation The other two (anteiior pillar and 
tonsil) yielded positive smears within two months after 
therapy and were confirmed by subsequent biopsy Silver- 
man 12 and his co-workers have reported a case which illus¬ 
trates the point very well Their patient was a 46-year-old 
male found on examination and biopsy to have a lympho- 
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2000 Van Ness Ave 


ANNUAL OTOLARYNGOLOGIC ASSEMBLY 
' UNIVERSITY OF ILLINOIS 

The University of Illinois College of Medicine Department 
of Otolaryngology announces its Annual Otolaryngologic As¬ 
sembly from September 29 through Octobei 5, 1958 The 
Assembly will consist of an intensive series of lectures and 
panels concerning advancements m otolaryngology, and even¬ 
ing sessions devoted to surgical anatomy of the head and 
neck and histopathology of the ear, nose and throat. Inter¬ 
ested physicians should write direct to the Department of 
Otolaryngology, 1853 West Polk Street, Chicago 12, HI 
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epithelioma of the soft palate The lesion disappeared after 
X-iay theiapy, but a small ulceiation developed a few months 
later The problem was to differentiate between lecurrence 
and post-i adiation necrosis Biopsy m the lnadiated aiea 
could have pioduced consideiable difficulty if the lesion 
pioved benign The initial smeai was inconclusive but sus¬ 
picious Repeat smears yielded a positive foi malignancy 
This was then confirmed by biopsy 

In Table II the statistics of seveial mouth smeai studies 
have been assembled Two cases of caicmoma of the mouth 
weie fust discoveied on routine smeai by Peters 11 One had 
been thought to have an ulcerative stomatitis and the other an 
hypeitrophy of the postenoi pillai In Silverman’s 12 series, 
four cases of mouth lesions weie fust diagnosed as malignant 
by cytologic studies 

' In conclusion, the smeai technique is not intended to le- 
place tissue biopsy It is a simple method of diagnosis, how¬ 
ever, and can enable one to diagnose malignancy at an earlier 
) stage In addition, radiation tieated lesions can be kept 
under long teim observation As Peters 11 so well stated 
“Repeated biopsies might be difficult, but repeated smears 
and occasional biopsy are possible and often desnable The 
leliability of the cytologic mtei pi etation increases with the 
V experience of the mteipietor Cytology does not leplace 
J histology but supplements it ” 
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than 150 cases of naso-smo-nasopharyngeal pioblems, both 
pre- and post-adenoidectomy, as part of a thoiough investiga¬ 
tion This also included X-iay examination of the sinuses, 
bactenological and cytological studies of nasal and sinus 
secretions and alleigie tests Oui expenences have levealed 
that the information obtained by radiogiaphy of the naso- 
pharynx is usually more complete and accurate than that ob¬ 
tained by other methods, and can be 1 elated to the surgical 
scope when operation is indicated In addition, we have noted 
certain aspects m the ladiographic evaluation of the naso¬ 
pharynx which have not been pieviously discussed in the lit- 
eratuie We aie leportmg these data and expenences to 
emphasize the value of ladiogiaphic examination of adenoids 

REVIEW OF LITERATURE 

Although the hteiatuie contains lelatively little concerning 
the radiological investigation of the nasopharvnx, neverthe¬ 
less the potential value of this subject has been appreciated 
by a numbei of authors The majority of these, as might well 
be expected, have been ladiologists In 1898, shortly after 
the clinical value of X-rays became known, Mignon 1 men¬ 
tioned radiogi aphmg the adenoids m his thesis on “Radiology 
of the Respiratorv Tiact ” In 1904, Sehe ier 2 repor ted the 
demonstration of the epipharynx and enl argedadenoi3?Toerit- 
genographically and the disappearance of the adenoids fiom 
the X-iay plate postoperatively Technical piogiess, how¬ 
ever, had not advanced sufficiently as yet to permit satis¬ 
factory lesults routmelv, and little moie was written on this 
subject for the next 20 yeais In 1925, Grandy 3 described 
the soft tissue opacitv of the adenoids m the nasopharynx and 
the narrowing of the airway locally He also noted the in¬ 
creased an wav following adenoidectomv 

Bemfeld 4 m 1927 was the first to stress the importance 
of the size of the nasophaivnx m relation to the problem of 
obstruction of the airv av bv adenoids, the difficultv of their 
complete removal and the frequency of recurrences He be¬ 
lieved that complete lesection was more difficult and recur¬ 
rences of much gieatei fiequencj m patients with small 
epipharyngeal cavities In 1929, Schuller 3 discussed the gen- 



SOFT TISSUE ROENTGENOGRAPHY OF THE 
NASOPHARYNX FOR ADENOIDS *f 

Joseph L Goldman, M D, 
and 

Arnold L Bachman, M D, 

New York, N Y 


introduction 

The accurate evaluation of the adenoids is of great im¬ 
portance m the pioper management of naso-smo-nasopharyn- 
geal pioblems so frequently encounteied m infants and chil- 
dien Both the otolaryngologist and pediatucian appreciate 
that the clinical examination to determine the status of the 
adenoids is often difficult and unsatisfactory m these young 
patients Postenoi rhinoscopy is usually impossible, with the 
result that digital palpation of the nasopharynx is the clinical 
method most often employed to estimate the degiee of obstruc¬ 
tion that exists m the nasopharynx, however, this diagnostic 
pioceduie is exude and fiaught with serious difficulties It 
is questionable whether a piobmg fingei can reach the vault 
of the nasopharynx behind the vomer, or determine the amount 
01 depth of lymphoid tissue while an unwilling patient is 
crying and struggling Thus, information obtained m this 
manner is often incomplete and even inaccurate In addition, 
the psychic tiauma which may accompany this manipulation 
is undesnable 


In contrast, we have found that ladiographic examination 
of the nasophaiynx is a simple procedure which can be pei- 
foimed satisfactorily and with ease m chrldien of all ages 
Roentgen lay exposuie is minimal, appioximately that of a 
1 outme chest examination We have used this method in moi e 


•Read at the Slxtj -FIrat Annual Meeting: of the American Lar> ngolok- 
ical Rhlnoiogrlcal and Otologlcal Society Inc San Francisco Callr Ma> 
22 1958 

tProm the Department of Otolar\ngolopj The il° unt Hos,,lt al 

and the Department of Radiolofo Francis Delafleld Hospital 

rrrtltor « Note This manuscript receded In The X>ar>ngoscope Office and 
accepted for publication Slaj 2G 1958 
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soft palate often brings this soft tissue density in contact 
with the soft tissues of the postenoi pharyngeal wall, and 
thus 1 educes both the airway and the demonsti ability of 
the adenoids We have shown, as have others, 1013151S that 
the soft palate is m a mid-position with the nasopharynx 
open dui mg the simple suspension of lespiration Phonation, 
swallowing and crying elevate the soft palate and dimmish 
the nasopharyngeal airway Inspiiation and expnation of 
air thiough the nose depi esses the soft palate about equally 
and thereby increase the nasopharyngeal airway Position 
of the patient, whethei supine, lateial lecumbent, sitting or 
standing, plays no major lole m elevation or depiession of 
the soft palate, howevei, there is less elevation of the shoul¬ 
ders and thickening of the ceivical soft tissues when the 
patient’s head is held erect and the neck is slightly extended 
For these leasons our lateral views of the nasopharynx aie 
made with the examinee erect, 1 with lespiration suspended, 
and 2 during nasal mspnation 

ROENTGEN ANATOMY 

The nasopharynx is that portion of the respnatory an way 
situated behind the choanae and above the soft palate 519 The 
roof of the nasopharynx is formed by the basisphenoid and 
basiocciput, the postenoi wall by the condyloid portion of the 
occipital bone and the adjacent antenoi aich of the atlas, the 
floor by the supenor surface of the soft palate, and the an- 
tenor boundary by the vomei and choanae medially, and the 
pterygoid plates lateially (see Fig 1) The loof, postenor 
wall and flooi of the space aie easily lecognized on the radio¬ 
graph The choanae and vomei, of consideiable importance 
m the evaluation of adenoidal obstruction, cannot be directlv 
identified on the film, howevei, an accuiate estimation of the 
location of the choanae may be obtained since they aie on the 
same plane as the postenor edge of the vomei The lowei 
edge of this bone begins at the postenor maigm of the hard 
palate (the palate bone) and extends upuard and backward 
to articulate with the rostrum of the sphenoid at the under 
surface of the base of the skull The plane of the posterior 
margin of the hard palate can be delineated clearly on the 
film From this point a line drawn upward and backward to 
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eial subject of bony defoimities of the nasopharynx as demon¬ 
strated roentgenogi aphically He descubed the variations m 
size and appeal ance of this an space, and quoted Testut and 
Jacob who believed that the infantile nasopharynx was com- 
paiatively small with a flat vault, while the adult nasopharynx 
was laiger with a high angulai 01 lounded vault It was also 
noted that tumois of the epipharynx, including adenoids, 
caused moie obstiuction if the cavity was small and nanow 
Moulmard® 7 m 1949 also believed that the infant type of 
nasophaiynx was lelatively small with an axis paiallel to the 
base of the skull, while the adult epiphaiynx was laigei with 
a more veitical anteio-postenoi axis Othei reports 3 8 9 10 ™ 1C,1S 
similarly indicating the value of the ladiogiaphic appeal ance 
of enlaiged adenoids have appealed sporadically m the liteia- 
tuie Buef descuptions of the method and its ments have 
been published m standaid lefeience texts 1415 

TECHNIQUE 

We have obseived that a lateial view of the nasophaiynx 
at a six foot taiget-film-distance and with factois permitting 
lapid exposure (1/30 to 1/60 second) to avoid motion blur- 
ling is most satisfactoiy A non-Bucky technique is pre- 
fened, since the gradations on the film aie moie giadual, 
the contiasts less and the soft tissues aie shown moie com¬ 
pletely We have used tomogiaphic techniques in the piofile 
view of the nasophaiynx, as have otheis, 10 but have found 
that this proceduie does not yield additional information 
Lipiodal studies 1 " have not pioved of value 

Radiographic visualization of the adenoids lesults fiom the 
conti ast between the watei -density of the adenoidal soft 
tissue mass and the ladiolucency of the sui rounding naso¬ 
pharyngeal airway It is, theiefoie, appaient that the laigei 
the nasophaiyngeal airway, the moie likely aie maigms of 
the adenoids to be demonstrated, even if enlaiged The an- 
tenor, supenor and postenoi walls of the nasopharynx aie 
bony and immobile The flooi of the nasopharynx is the 
superior surface of the soft palate and mobile Depies- 
sion of the soft palate mci eases the nasopharyngeal airspace 
and impioves the visibility of the adenoids Elevation of the 
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an angle of about 30° with the honzontal as it extends ton aids 
its junction with the postenoi wall of the nasopharynx It is 
thus appaient that the laigest nasopharyngeal airwai is 
usually the anteiior legion just behind the choanae 

The significance of the anatomical anangement just de- 
senbed is furthei emphasized by the effects of the action of 



Pig 2 X-ra\ of dried skull Posterior margin of \omer marked •with 
opaque paste Vote close relationship to anterior margin of pter\ goid 
plate and posterior wall of maxlllart antrum 


the soft palate The size of the postenoi part of the epi- 
pharynx can be inci eased by the depression of the soft palate 
which occurs dunng mspnation oi expnation The move¬ 
ment of the soft palate, howevei, is least at its attachment 
to the haid palate just behind the choanae As a lesult, the 
available airway just behind the choanae is least affected 
by the soft palate motion Because of the lack of soft palate 
motion m this plane, the high vault of the nasopharynx an- 
tenoily can be consideied a compensatory anangement to 
furnish the laigest possible nasophai vngeal an wav foi les- 
puation 
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the point wheie the uppei antenoi maigm of the pteiygoid 
plate joins the body of the sphenoid conesponds closely to the 
postei 101 edge of the vomei and the position of the choanae 
(see Fig 2) This line lies veiy neai the postei 101 maigm 
of the antium, and the latter also may be utilized as an ade¬ 
quately accuiate position of the choanae 

The two deteimmants in nasophaiyngeal obstiuction aie 



Fig 1 Diagram of anatoraj of nasopharynx Nasopharynx located be¬ 
tween soft palate (A) and mucous membrane of roof (B ) The line of the 
posterior edge of the lomer Is approximated by either the anterior edge 
of the pterygoid plate (C) or the posterior «all of the mnxlllnry antrum 
(D) 

the degree of adenoidal enlaigement and the size and shape 
of the nasophaiyngeal space We believe that the importance 
of the lattei has not been sufficiently lecogmzed Both the 
size and shape of the nasophaiyngeal space vary consideiably 
The majoi factoi in this variation is the shape of the loof oi 
foinix of this cavity Usually, the loof is highest antenoily, 
just behind the choanae, wheie the vomei joins with the in¬ 
ferior suiface of the body of the sphenoid bone (see Fig 2) 
Fiom this point the fornix slopes downwaid and backwaid at 
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paiativelv small nasopharyngeal airways, while m othei in¬ 
stances even larger adenoids did not completely occlude com¬ 
paratively laigei nasophaiyngeal spaces 

ROENTGEN EXAMINATION OF ADENOIDS 

The mucous membiane lining the loof and adjacent pos- 
tenoi wall of the pharynx is cast m folds and diffuselv m- 
filtiated with lymphoid tissue throughout its submucosa In 
aieas the lymphoid tissue is lelativelv more abundant, and 
foims conglomerate nodulai masses with cijpt-like invagina¬ 
tions of the surface epithelium These aie the phaivngeal 
tonsils 01 adenoids When infection occuis, theie is spelling 
and enlargement of tire diffuselv dispersed lvmphoid tissue 
and the nodular lymphoid masses, \\ Inch lesult m thickening 
of tire mucous membrane lining of the nasopharyngeal vault 
The mcieased width of the mucous membiane mav be es¬ 
sentially flat if the diffuselv dispersed lymphoid tissue is 
predominantly involved, nodulai m shape if the coalescent 
lymphoid masses aie mainly affected, 01 a combination of 
both types Usually tire combined form is encountered with 
maiked adenoidal enlargements Nodular enlargements of 
lymphoid tissue may occui anvwlreie m the mucosa of tire 
loof The adenoids develop lapidlv after birth, attain their 
maximum size m eaily childhood and begin to involute at 
about 8 to 10 yeais In most instances regression is neaily 
complete by 12 to 14 years of age 

Radiographically, the noimal mucous membiane lining of 
the nasopharyngeal roof is seen as a thin band of soft tissue 
density lying immediately beneath the inferior surface of the 
body of the sphenoid bone It begins antero-supenorly m 
the fornix just behind the choanae and extends backward to 
merge with the mucous membiane lining of the posterior 
pharyngeal wall The flee surface of this mucosal band can 
be visualized on the loentgenogiam, because it borders the 
air-contammg nasopharyngeal cavity (see Fig 4) It meas¬ 
ures no more than 6 mm m width m the normal nasopharynx, 
and runs parallel with the surface of the sphenoid bone w hich 
it cover's The normal mucous membrane shows no nodularity 
A well defined, patent, radiolucent nasopharyngeal airway is 
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Patients have been encountered, however, in whom the aich 
of the loof antenorly is comparatively flat lather than high, 
and the entire epipharyngeal vault is low (see Fig 3) The 
supeio-mferioi diametei of the nasopharynx is thus dimin¬ 
ished and the entue nasopharyngeal airway decreased This 
may be partly compensated posteriorly by maiked depression 
of the soft palate, but anteriorly behind the choanae such 
lowenng of the soft palate is not possible The critical plane 
foi nasophaiyngeal obstruction is, theiefoie, to be found 
antenoily just behind the choanae m patients with low, 




Fig 3 Diagram of nasopharj n\ with high \ault (A) and 1 on \nult (B) 
Soft palate (a) mucous membrane ioof of \ault (b) nasophrtr \npenl 
space (c) 


poorly aiched nasophaiyngeal vaults Clinically, the antenoi 
"cntical legion” of the nasophaiynx is the zone most difficult 
to explore by digital examination Thus, adenoidal tissue in 
this lecess might not be discovered by this diagnostic method 

We have obseived that usually the nasophaiyngeal aieas in 
young clnldien aie smallei than m adults, and the vault is 
lowei and less well aiched, however, considerable variations 
m size and height of the vault existed both in the childien 
examined and m the adult radiographs studied foi compai ison 
This individual variation plays an important lole m the mattei 
of airway obstruction In some patients moderate enlarge¬ 
ments of the adenoids caused complete obstruction of com- 
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Fig- 5-B Moderated enlarged adenoids During nasal Inspiration 
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cleaily delineated between the fiee edge of the mucous mem- 
biane of the loof and the supenoi surface of the soft palate 
which forms the floor of the nasophaiynx 

As the adenoids enlaige, the width of the soft tissue band 
undei the sphenoid bone mcieases, lesultmg in a conespond- 
mg nan owing of the adjacent ladiolucent airway In addi¬ 
tion to the general mciease of width, local aieas of greatei 



Pig- 4 Noi mnl nasophRrj nx 


nodulai densities may be seen at the sites of piohfeiation of 
conglomeiate lymphoid masses which fuithei nanow the an- 
way locally The adenoids aie classified as model ately en- 
laiged when the width of the mucosal soft tissue band is 
gieatei than 6 mm and theie is mild supei imposed nodula- 
tion, but nasophaiyngeal an way is consideied adequate (see 
Figs 5-A—5-B) Maiked enlaigement is shown by a fuithei 

mciease m width of the soft tissues undei the sphenoid bone, 
usually associated with local ciescentic swellings of the 
mucosa The nasopharyngeal an way is maikedly nan owed 
but not completely occluded (see Figs 6-A—6-B) The final 
stage of enlaigement is chaiactenzed by complete obstiuction 
of the an way by gieatly widened and nodulai mucous mem- 
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biane, which extends downwai d fiom the sphenoid bone and 
conies m contact with the supenoi siuface of the soft palate 
(see Figs 7-A—7-B) 

The importance of the mobility of the soft palate flooi of 
the nasophaiynx becomes evident m the study of cases of 
enlaiged adenoids In each instance tilms aie made duung 
“lespnation suspended” and dui mg “nasal mspnation ” 
When the majoi adenoidal enlaigement is m the posteiioi 
part of the loof, the nasopharyngeal an way may appeal 
occluded duung suspension of lespnation as the adenoids lie 
m contact with the supenoi suiface of the posteiioi portion 
of the soft palate, howevei, on the “nasal mspnation” film 
the soft palate is depiessed so that a distinct, although nai- 
iow an way is demonstiated (see Figs 5-B—6-B), and some 
nasal respnation is peimitted If the adenoids aie sufficient¬ 
ly enlaiged, the an way is completely blocked at all times (see 
Fig 7-B) If the majoi adenoidal enlaigement, usually nodu¬ 
lar, is situated antenorty in the nasophaiynx just behind the 
choanae, the degiee of obstiuction cannot be alleviated by 
the downwai d motion of the soft palate since this motion is 
minimal at this site (see Fig 6-B) Foi tins reason, adenoidal 
obstiuctions of the nasophai ynx antenoily aie not signifi¬ 
cantly affected by nasal lespnation 

Radiogiaplnc diffeiential diagnosis of enlarged adenoids 
is usually not difficult A widened, nodulai soft tissue mass 
attached to the loof of the nasophai ynx associated with nai- 
1 owing of the nasophai yngeal an way almost mvanably signi¬ 
fies adenoidal enlaigement m young clnldien A common 
souice of enoi is the shadow of the eailobe piojected into the 
nasophai yngeal airway Uusually, tins shadow lies just be¬ 
low and slightly antenoi to the exteinal auditoiy canal (see 
Fig 8-A) , howevei, if the child’s head is not m a true lateial 
position duung the filming, the eailobe may be projected 
into the antenor portion of the nasophai yngeal aiiway and 
cause confusion (see Fig 8-B) Identifying the eailobes m 
each case should eliminate this pioblem If doubt still exists, 
the earlobes may be folded up out of the area and fixed to 
the temples by adhesive tape pnor to the filming” 



1298 


GOLDMAN & BACHMAN ROENTGENOGRAPHY 




Fig 6-A. Markedly enlarged adenoids Respiration suspended 



Pig C-B Markedly enlarged adenoids During nasal inspiration 
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Choanal and nasopbaiyngeal polyps, fibiomas and malig¬ 
nant neoplasms may be obseived as soft tissue masses m the 
nasophaiynx The choanal polyps extend backward from the 
choanae into the antenoi poition of the nasopharynx and do 
not anse from the vault On ladiogiaphs these soft tissue 
cncumscnbed densities may be seen separated from the 
mucous membiane of the vault by a thm band of nasophaiyn- 
geal anway (see Fig 9) In addition, the polyps, fibromas 
and malignant tumois occupying the nasopharynx usually 
appear aftei the age when the adenoids have involuted The 
juvenile and adolescent fibiomas as a lule foim huge, homo¬ 
geneously dense, lound and sharply circumscribed opacities 
quite diffeient from the ovoid, lobulated masses seen attached 
to the vault m the youngei childien 

Radiogiaphy of the nasopharynx is a useful method of as¬ 
sessing the success of adenoidectomy procedure Following 
suigery the entne thickened, lobulai soft tissue density ob¬ 
served m the nasopharynx preopeiatively is seen to have 
disappeared The mucosa of the roof is noted as a nairow, 
smooth band of soft tissue density without nodulation, and the 
nasophaiyngeal anway is wide and patent (see Figs 10-A— 
10-B) Any areas of residual adenoids are easily identified 
as local soft tissue nodules piojectmg into the anway Simi¬ 
larly, lecuirent adenoidal enlaigement following suigery is 
appaient as band-like 01 nodular thickening of the mucous 
membiane of the vault which projects into the nasophaiynx 
and nanows the airway exactly as do the primary adenoidal 
enlaigements which have not been subjected to operation 

In this senes of cases, 46 childien weie evaluated for com¬ 
plaints lasting fiom seveial months to two yeais after ton¬ 
sillectomy and adenoidectomy In 26 instances enlargement 
of adenoid tnsue, usually high m the vault, could be demon¬ 
strated by loentgenogiaphy 

We have indicated that the antenoi area of the vault of the 
nasophaiynx is the "cntical legion” physiologically This 
teim can be applied also to the suigical consideiations of this 
aiea Study of the anatomy of the vault of the nasophaiynx 
by i oentgenographv leveals the reasons foi the contentions 
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aud!for\'meanis"' rof,IUon ot earlobe nnterior and Inferior to external 
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Fig 7-B Complete obstruction of nnsoplmr\nx In gronlh enlarged 
adenoids During* nasal inspiration 
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Fie 10-A. Complete obstruction of nasopharvnx b\ adenoids nre- 
operatlrely 
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Fig 8-B Earlobe more anteriorly located In nasopharyngeal space due 
to slight rotation of head 



Fig 9 Choanal polyp In nasopharynx 
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Fie 11-A. Case 2 Enlarged adenoids with respiration suspended prior 
to third operation 



Fig 11-B Case 2 Enlarged adenoids during nasal inspiration 
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Fig" 10-B Clear nasopliarv nx postoperatH el> 
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Fig 12-B Case 4 Markedly cloud> maxillary antrumfl 


CLINICAL APPLICATIONS-CASE HISTORIES 

The mam possibilities m the diffei ential diagnosis of naso- 
smo-nasopharyngeal problems m childien which confiont the 
otolaiyngologist include the following condition 1 Adenoidal 
enlaigement with varying obstruction and/oi disease, 2 na¬ 
sal infection and/or sinus infection, S vasomotoi lhimtis 
and sinusitis, k 1 elated ear conditions, 5 occasional polyps 
and neoplasms For satisfactory solution of these problems, 
often a complete woik-up is requned, this must include a 
detailed history and careful examination, ladiogiaphic studies 
of the nasopharynx and the paianasal sinuses, spreads and 
cultuies of the nasal and sinus secretions, as well as alleigic 
investigations when the latter appear indicated The ladio- 
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that complete and direct exposure of the vault of the naso- 
phaiynx is necessaiy to accomplish a thoiough adenoidectomy 
Yankauei 20 has devised a speculum, Love, 21 Baion, 22 Loth- 
rop, 23 Sentuna 24 and others have offered palatal elevatois foi 
this puipose Meltzei 25 has shown the peed of using punch 
f 01 ceps undei direct vision to lemove lemnants of lymphoid 



Pie 12-A Cnse 4 Normal nasopharynx 


tissue in the fossa of Bosenmuellei and high m the vault 
Pedeisen 20 suggests the mtranasal loute foi lemoval of the 
adenoid tissue m the area we have called the “cutical legion” 
of the vault Thus, by demonstiatmg the anatomy and phy¬ 
siology, loentgenography can be helpful m the planning of 
the suigical appioach of a complete adenoidectomy, in addi¬ 
tion to its diagnostic value 
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Fig 12-B Case 4 Marked^ cloud} ma-cillaf} antrums 


CLINICAL APPLICATIONS—CASE HISTORIES 

The mam possibilities in the diffeiential diagnosis of naso- 
smo-nasopharyngeal pioblems m childien which confiont the 
otolaiyngologist include the following condition 1 Adenoidal 
enlaigement with varying obstruction and/oi disease, 2 na¬ 
sal infection and/oi sinus infection, 3 vasomotoi lhmitis 
and sinusitis, U i elated eai conditions, 5 occasional polyps 
and neoplasms For satisfactory solution of these problems, 
often a complete woik-up is lequned, this must include a 
detailed history and caieful examination, ladiogiaphic studies 
of the nasopharynx and the paianasal sinuses, spieads and 
cultuies of the nasal and sinus secretions, as well as alleigic 
investigations when the lattei appeal indicated The radio- 
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giaphic studies, while of consideiable impoitance, constitute 
but one aspect of the complete investigation Often, all the 
elements of the woik-up mteilock to foim a pattern which 
indicates the abnoimality as well as the theiapeutic appioach 
A numbei of buef case lepoits will seive as lllustiations 

PRIMARY ADENOIDAL ENLARGEMENT WITH OBSTRUCTION 

Case 1 C W , age 8, complained of constant mouth breathing nasal 
obstruction and nasal speech Examination revealed no abnormal find 
ings in nose, sinuses or ears, except small amount of secretion in nasal 
cavities Tonsils were moderately enlarged X raj s of nasopliarjmx 
showed gieatly enlarged lobular adenoids filling the nasopharvnx and 
causing obstruction during “respiration suspended” and almost complete 
occlusion during “nasal inspiration" Cultuie of nasal secretions jielded 
large growths of micrococcus catarrhalis and diphtheroids, a bacteriologlc 
finding often seen in association w 1th active adenoid tissue At operation 
the enlarged adenoids weie removed, following which symptoms dis 
appeared Postoperative X raj s of the nasophai vnx show ed a clear, 
j\idelj patent airway 

POSTOPERATIVE ADENOIDAL ENLARGEMENT, EAR INFECTION, 
IMPAIRED HEARING 

Case 2 C F, age 7, had tonsillectomj and adenoidectomj performed at 
age of Ujo jears For the following five jears patient had repeated in 
fectlons of the ears and upper lespiiatorj tract Healing became im 
paired A second adenoidectomj j\as pei formed eight months prior to 
his first Jlsit, but hearing did not impiove Examination levealed no 
evidence of nasal or sinus disease The tympanic membianes j\ere 
congested and retracted Audiogiam indicated a moderate conductive 
hearing impairment Xiajs of the nasopharjmx showed enlarged ad 
enoids high in the vault (see Figs 11 A—11 B) These enlarged adenoids 
were removed at a third adenoidectomy Following this opeiation, the 
tjmpanic membianes assumed a normal appealance and the healing 
letuined to a normal level 

IMPAIRED HEARING UNRELATED TO NASOPHAR1NGEAL 
OBSTRUCTION 

Case 3 LG, age S had impaired hearing A tonsillectomj and ad 
enoidectonu had been performed prejiouslv and an ejaluation of the 
hearing loss in relation to adenoidal disease Jins requested Examination 
rejealed no ej idence of nasal or sinus disease Tjmpanic membranes 
jjere normal Radiographic studies of the nasopharjnx showed no eji 
dence of adenoids Direct nnsopharmgoscopj rejealed no Ijmpliold 
tissue Audiometric studJ rejealed the healing impniiment to be of 
the perceptive tvpe 

NASAL SYMPTOMS NASAL DISEASE NO ADENOIDAL 
ENLARGEMENT 

Case 4 J B age 3 complained of difficult nasal breathing night 
snorting recurrent episodes or fever Examination revealed congested 
turbinates and a moderate amount of thin secretion in both nasal cavities 
Radiographic investigation showed no adenoidal enlargement in the 
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nasopharynx but marked clouding of the maxillary antrums (see Figs 
12-A—12-B) Spreads of the nasal secretions revealed numerous cocci, 
and cultures yielded large growth of Staphylococcus aureus A Sen 
sltlvlty tests showed that this staphylococcus was sensitive only to 
achromjcln terramjcln and Chloromycetin Systemic and local tetra 
cyclln therapj was initiated and the condition cleared rapidly 


NASOPHARYNGEAL OBSTRUCTION DUE TO POLYP 

Case 7 ST, age 11, complained of difficulty In breathing particularly 
through the left nostril, mouth breathing and nasal speech An allergic 
history was elicited Examination revealed a large nasopharyngeal polyp 
• obstructing the left cboana, X rays of the nasopharynx demonstrated 
the polyp arising from the region of the choanae and projecting into the 
anterior portion of the nasopharynx It was seen to be distinct from 
slightly enlarged non-obstructive adenoids in the vault (see Fig 9) 
Breathing difficulties disappeared after removal of the polyp 


CONCLUSIONS 

Radiogiaphic examination of the nasopharynx is an ac¬ 
curate, simple and safe method for determining the size, shape 
and position of enlarged adenoids, and the degree of naso¬ 
pharyngeal obstruction they cause For this reason it is one 
of the important procedures m the total investigation of naso- 
sino-nasopharyngeal problems in children Review of the 
literature suggests that this diagnostic method is utilized less 
frequently than it deserves It should replace the crude and 
inadequate method of digital palpation The anatomy of the 
nasopharynx with emphasis on variations in its size and 
shape, especially with reference to diagnostic and surgical 
problems, is presented The radiographic appearance of ad¬ 
enoidal enlargement is descubed Differential diagnosis is 
discussed and illustiative case reports are recorded 
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A CLINICAL LOOK AT PROGRESS IN EVALUATION 
OF HEARING FUNCTION * 
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introduction 

Piogiess in the development of healing- tests has followed 
a clinical need on the pail of the otologist for moie informa¬ 
tion which would contilbute to a moie complete diagnosis 
and hence to more adequate theiapy Ongmally he was 
concerned with the pioblem of whethei 01 not a healing loss 
was present, thus, his eaily tests weie those which measured 
acuity, 01 the degiee to which a given patient’s lesponses 
to sound varied fiom a normal standaid The tlneshold of 
hearing was latei measured as the amount by which sound 
had to exceed a normal thieshold intensity foi a given listener 
to heai The otologist was next concerned, because of the 
widely differing medical and suigical rehabilitation needs, 
with the type of heanng loss piesent This led to the differ¬ 
ential diagnostic tests foi conductive and neiwe type lmpan- 
ments Tests designed to satisfy the above mentioned needs 
constitute the bulk of audiometnc examinations m clinical 
otological piactice today Methods and equipment foi the 
measurement of disci immation ability for speech have been 
leadily available to the clinician for several years, howevei, 
it is appaient that he has been slow to giasp the basic 
clinical importance of these disci immation tests Such dis¬ 
crimination tests and test equipment in the form of turntable 
and recoids, which can be used satisfactorily m any office, 
have been waiting for general clinical acceptance 

It is not the intent of this papei to dwell on either the need 
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foi, 01 the technique of, vanous heaung tests which have 
both been abundantly coveied m the hteiatuie Kathei, in 
leviewmg the piogiess of heaung testing, emphasis will be 
placed on the development of those audiological tests which 
we believe to have basic clinical application 

Adam Pohtzer, 1 befoie the turn of this Century, lecogmzed 
that non-cahbiated tests such as the com click, watch tick, 
Galton’s whistle, whispei and spoken voice, and tuning foik 
tests “weie insufficient as a means foi ascei taming the exact 
condition of the function of heaung in diseases of the eai ” 
It was recognized that these tests pioduced much valuation 
m lesults as admmisteied by diffeient clinicians, with dif¬ 
ferent standaids It was this variability which the mventois 
of the modern audiometei sought to eliminate 

TESTS OF ACUITY 

a Tuning Foi k Tests 

Tuning forks, as they were first used foi measunng air 
conduction acuity, gave some idea of the sensitivity of the 
eai by measuring how long the patient continued to hear the 
tone The use of folks lepiesentmg each octave in the fre¬ 
quencies important foi speech hearing, made possible foi 
the fust time an approximate plotting of the healing thresh¬ 
old ovei a wide frequency spectium The serious limitation 
m the use of tuning folks as tests of acuity was the uncer¬ 
tainty as to the intensity of the sound pioduced 

b Pin e Tone Audiovietric Tests 

Puie tone audiometnc tests, by an conduction, represented 
a leal advance in the piecision of the measurement of healing 
loss and the reliability of the lesults The threshold of heal¬ 
ing was measuied as the amount by which sound had to ex¬ 
ceed a noimal threshold intensity in ordei foi a given patient 
to heai While this test still serves us as a measuiement of 
acuity foi puie tones, 01 the degree of the hearing loss, it is 
necessaiv that its limitations be realized Much confusion 
has lesulted until lecent years, due to the tendency to mter- 
piet the patient’s piactical communication handicap m the 
light of the ail conduction pattern (see Fig 1) The in- 
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adequacy of the procedure alone became more apparent with 
the introduction of bone conduction testing and the develop¬ 
ment of speech perception tests 

c Speech Reception Threshold 

In the course of investigation of the problem of communica¬ 
tion in aircraft during World War II, Hudgins, 2 et al, de¬ 
veloped the speech reception threshold tests as a measurement 
of acuity for speech It was latei established that the speech 
reception threshold usually correlates very closely with the 
pure tone aveiage of 500, 1000, and 2000 cps, representing 
the speech range, and thus it serves as a check on the accuracy 
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of the puie tone findings The speech leception test has been 
adequately descnbed numeious times in the liteiatuie 

DIFFERENTIATION OF CONDUCTIVE AND NERVE IMPAIRMENT 
a Tumng Foi k Tests 

Webei, Rmne and Schwabach 3 weie pioneeis m the use of 
the tuning folk as an mstiument foi diffeiential diagnosis 
of the type of heai mg impaiiment piesent The well-known 
tests which they developed made it possible to diffeientiate 
conductive impaiiments fiom peiceptive losses 

Pohtzei 1 wisely piedicted the continued importance of the 
tumng folk as a diffeiential diagnostic mstiument in his 
textbook “We most emphatically state that the tuning folk 
tests will be of lasting value m the diagnosis of distuibances 
of heaung ” 

It is mtei estmg to note that all of oui clinically applicable 
puie tone audiometnc tests have as then basis the pnnciples 
established m these eaily tuning folk tests Tuning forks 
weie fuithei lefined m then application and inteipietation 
foi making moie specific diagnoses of types of heaung im¬ 
paiiments 01 degiees of neive involvement This pioved to 
be impoitant m the selection of candidates foi suigical le- 
habilitation 

I will claufy this paiticulai subject with an lllustiation 
fiom oui “Otology Study" sheet (see Fig 2) This affoids 
a giaphic method of lecoidmg the lesults of tuning folk tests 
Fiom the shape and the position of the lesultant cuives, one 
can make both a lapid assessment of the patient’s healing 
status and, equally impoitant, check on the accuiacy of the 
bone conduction audiometnc findings 

b Bone Conduction Audiometry 

Bone conduction audiometiy developed as a means of ap¬ 
plying the methods of tuning folk testing m a moie accuiate 
and contioiled fashion With the mtioduction of the bone 
conduction oscillatoi, the intensity of the test tone could be 
cahbiated, legulated and maintained at a constant level In 
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spite of the impiovement m the piecision in generating the 
tone, it was soon found, as in the use of the tuning folk, that 
expei lence was essential m the application of the tests befoie 
any degiee of confidence could be placed m the test results 
It was all too often assumed that bone conduction testing was 
both easy and loutme, howevei, pioblems such as placement 
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of the oscillatoi, confused localization of the test tone, cioss- 
ovei, and masking, made it a highly individualized and often 
challenging testing problem It has pi oven to be the most 
important pm e tone audiometric test, now climcallj available, 
for the differential diagnosis of hearing impairment 

c Above Thieshold Puie Tone Tests 

The recruitment phenomenon was first described m 1924 
b'N Pohlman and Kranz 4 and shortly after by Fowler, 5 m 
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1928 It was used to diffeientiate conductive and neive type 
impauments, howevei, so many othei tests more cleaily 
demonstiated this diagnosis that they were given slight 
clinical acceptance 

It was only aftei Dix, Hallpike and Hood 0 demonstiated, in 
1948, the usefulness of leciuitment testing foi the diffeiential 
diagnosis of end-oigan and VIHth neive impairments, that 
leciuitment began to leceive moie general clinical attention 

d Speech Discrimination Tests 

The need foi tests othei than puie tone for the evaluation 
of a patient’s healing handicap has long been lecognized 
Oscai Wolfe, 7 in the latter pait of the 19th Centuiy said, 
that in oi dei to make a differential diagnosis, it is absolutely 
necessaiy to use the qualitative test for speech healing m 
addition to the quantitative test foi healing MacFailand 8 
described a numbei of eaily speech healing tests dating back 
to 1929 

Egan, 0 in 1948, leported the development of vanous lists 
of phonetically balanced woids to be used m the measuiement 
of speech discrimination oi intelligibility of speech This led 
to the fust piactical clinical test foi assessing the patient’s 
communication handicap as distinguished fiom the moie 
limited evaluation of the quantitative degiee of his heaung 
loss (see Fig 3) 


MALINGERING TESTS 

Simulated deafness was widely lecognized m the lattei half 
of the 19th Centuiy A numbei of ingenious tests, employing 
tuning folks and stethoscopes along with caieful obseivation 
of behavioi, were used to diagnose non-oigamc heaung losses 
Duimg, and following Woild Wai II, the needs of the Aimed 
Sei vices piompted the widespiead use and lefinement of 
seveial audiometnc tests foi malmgeiing, such as the Stengei, 
Lombaid and Doeiflei-Stewait With the cuilent active 
intei est m industiial noise pioblems, including damage claims, 
it has become increasingly necessaiy for the otologist to dis¬ 
tinguish the piesence and extent of tiue oigamc heaung 
impairments fiom the non-oigamc oi exaggerated oveilay 
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Fig 3 

TESTING THE VERI TOUNG CHILD 

A pioblem which has demanded increasingly moie of the 
otologist’s attention has been the pecuhai testing needs as¬ 
sociated with the assessment of healing function in the very 
3 oung child This has necessitated the development of special¬ 
ized motivational techniques and equipment for audiometiy 
such as the Dix-Hallpike peep show 10 and the Pediacoumetei 11 
(see Fig 4) , howe\ei, Mvkelbust 13 and otheis 13 have pointed 
out that observation of behavioi is often as important as 
hearmg test lesults This led to the use of behavioral in¬ 
ventories as an aid m the differential diagnosis of the delaved 
speech case with pool response to sound 
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1928 It was used to diffeientiate conductive and neive type 
impaiiments, however, so many othei tests more cleaily 
demonstiated this diagnosis that they were given slight 
clinical acceptance 

It was only after Dix, Hallpike and Hood 0 demonstiated, m 
1948, the usefulness of leciuitment testing foi the diffeiential 
diagnosis of end-oigan and VUIth nerve impairments, that 
leciuitment began to leceive moie general clinical attention 

d Speech Discrimination Tests 

The need foi tests othei than puie tone for the evaluation 
of a patient’s healing handicap has long been lecognized 
Oscar Wolfe, 7 in the latter part of the 19th Century said, 
that m ordei to make a differential diagnosis, it is absolutely 
necessaiy to use the qualitative test for speech healing m 
addition to the quantitative test foi heaung MacFailand 8 
described a number of early speech heaung tests dating back 
to 1929 

Egan, 0 m 1948, reported the development of vanous lists 
of phonetically balanced words to be used m the measui ement 
of speech discrimination or intelligibility of speech This led 
to the fust piactical clinical test foi assessing the patient’s 
communication handicap as distinguished from the moie 
limited evaluation of the quantitative degree of his heaung 
loss (see Fig 3) 


MALINGERING TESTS 

Simulated deafness was widely lecognized in the lattei half 
of the 19th Centuiy A number of ingenious tests, employing 
tuning folks and stethoscopes along with caieful observation 
of behavioi, were used to diagnose n on-oigamc heaung losses 
Dui mg, and following Woild Wai II, the needs of the Armed 
Sei vices piompted the widespiead use and lefmement of 
seveial audiometnc tests foi malingenng, such as the Stengei, 
Lombaid and Doerflei-Stewart With the cuilent active 
inteiest in mdustnal noise pioblems, including damage claims, 
it has become mcieasingly necessaiy foi the otologist to dis¬ 
tinguish the piesence and extent of tiue oigamc heaung 
impairments fiom the non-oigamc oi exaggerated oveilay 
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reference. The limitation m the monaural equal loudness test 
has been that a sloping: threshold curve is neeessarr m order 
to demonstrate ciearlv convergence with the most comfortable 
equal loudness curve. 


DISCUSSION 

In looking hack on this renew of clinical progress it Be¬ 
comes necessary to ask ourselves—Where are we nresentlv 
in the application ot appropriate dim cal tearing tests for 
adequate diagnosis" Do we h"ve a practical groun of clinical 
tests which mav be economicallv a opted for tl e accurate 
diagnosis of hearing problems" In the formulation of such 
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DIAGNOSIS OF END-ORGAN IMPAIRMENTS 

Anothei pioblem m otology has been to diffeientiate the site 
of neural involvement of heaung impairment, eithei in the 
receptor end-oigan 01 m the tiansmission pathways, m older 
to piovide a moie complete diagnosis than was otherwise 
available Foi this diffeiential diagnosis, the presence of le- 
ciuitment has been one of the most valuable indices 
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EVALUATION FOR AMPLIFICATION 

The otologist is now becoming increasingly awaie of his 
lesponsibihty to the patient who is not a candidate foi surg¬ 
ical oi medical lehabihtation This has accentuated the need 
foi taking various steps to evaluate the patient’s lequiiements 
and suitability foi amplification 1415 For this evaluation the 
most useful information audiologically has been that which 
comes fiom adequate an and bone audiometry, speech dis- 
cummation scoies and leciuitment testing (see Fig 5) 

The two most useful clinical tests foi demonstiatmg le- 
ciuitment have been the Fowlei 3 binauial balance method 
and the monauial equal loudness method described by Wat¬ 
son 10 

The binauial balance method has been limited m its appli¬ 
cation m that one non-ieciuitmg eai must be piesent as a 
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ported tests has led not onlv to confusion in oui specialty, 
but has also undermined the confidence of the rnajontv of 
clinicians m their ability to amve at an accuiate clinical 
diagnosis This has lesulted in the widespread practice of 
eithei lelegatmg this important clinical function to independ¬ 
ent non-medical agencies, 01 to the iejection of all but the very 
simplest of air conduction audiometnc 01 tuning folk scieen- 
mg tests, m an effoit to evaluate the patient’s communication 
handicap 

We fiimlv behe\e that the practical value of the routine 
application of the basic audiological tests mentioned has been 
adequately demonstrated, but that it needs to be moie gen- 
eralh lecogmzed clinically Once the basic gioup of audiolog¬ 
ical tests is made tlioioughly familial to the practicing 
clinician and the resident m otolai vngology, as a minimum 
lequnement foi the evaluation of heaung function, leal 
pi ogress will be achieved, and w e will entei a new eia m the 
assessment of the patient’s handicap m communication 
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a group of tests, it should be stiessed that not all of the old 
tests should be rejected and not all the new tests should as 
yet be accepted 

Of the tests used clinically, we believe that the tuning folk, 
an and bone conduction audiometry, speech perception tests, 
monauial equal loudness and binaural balance tests foi re¬ 
cruitment, constitute the minimum battery of audiological 
tests which should be applied, as indicated, m a loutme evalu¬ 
ation of healing handicap As we have pointed out pievi- 
ously , 17 facilities affording less than this complete healing 
evaluation would not serve the situation foi providing an ac- 
cuiate diagnosis and a lational plan of theiapy On the 
othei hand, more exhaustive, time consuming evaluations 
with clinically unproven tests cannot be at present justified 
fiom a piactical point of view The basic audiological tests 
indicated can be adequately peifoimed by tiamed peisonnel 
with model ately pi iced, commeicially available clinical audi- 
ometeis having a speech circuit 01 turntable If the turntable 
with eai phones is used, only a single quiet 100m is necessaiy 

A number of the newer laboiatoiy tests of healing function 
were not included in this discussion, since they have not as 
yet been established as piactical clinical tools We lecog- 
mze, howevei, that the development and standaidization of 
these tests m the laboiatoiy have been of vital significance 
to the clinician 

Let us constantly and cutically scrutinize the woik of the 
laboiatoiy in the development of new tests of heaung, in 
01 dei to be piepaied to supplant an outmoded test when a 
moie leliable, moie piactical one appeals, howevei, let us 
always keep in mind that the puipose of these tests is to pio- 
vide an accuiate diagnosis If that is being adequately done 
with one 01 moie cunent clinical tests, why should we feel 
that additional and often more complex ones aie necessaiy, 
which at best would only piovide confnmatoiy evidence 7 We 
have often allowed leseaich bulletins and special eleetionic 
equipment lepiesentatives to lead us away fiom oui basic 
clinical appioach to the problem The efforts of some of us 
to keep up with facilities foi perfoiming the very latest re- 
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INSTITUTE ON INDUSTRIAL DEAFNESS 

Colby College, Waterville, Marne, presents the Sixth Annual 
Institute on Industrial Deafness, August 11-20 inclusive 
Please note that the course has been extended for three days 
m order to include engineering for noise control Its ob¬ 
jective will be to tram physicians interested m the problem, 
nurses, plant engineers and others in initiating and conduct¬ 
ing hearing conservation piogiams in noisy industries The 
couise includes basic otology, audiometry, noise measurement, 
eai piotection and methods of noise conti ol Class is limited 
to approximately twenty participants 

The fee for the course is $250 and includes tuition, room 
and board The first week will constitute a complete course 
for doctors and nurses, and the l educed fee for this will be 
$200 Application should be made to Mi William A Macom- 
ber, Colby College, Waterville, Maine 
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Si cl ion Delegate Di Goidon E Hark ness Dn'enport, Jn 
Alternate Delegate Dr Duin M Lieile Iowa Clt>, la 
Meeting Atlantic Cit\, lune S 12 l'E.'l 
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AMERICAN OTOLOGICAL SOCIETY, INC 


President Dr Moses Lurie, Boston, Mass 
President Elect Dr E. C Martin 

Secretary Dr Lawrence R. Boies, University Hospitals, Minneapolis 14, 
Minn 

Place The Homestead, Hot Springs, Va,, 1959 

AMERICAN OTORHINOLOGIC SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCTIVE SURGERY 

President Dr Joseph Gilbert, 111 E 61st St, New York, N Y 
Vice-President Dr Kenneth Hlnderer 402 Medical Arts Bldg, Pitts 
burgh, Pa. 

Secretary Dr Louis Joel Felt, 66 Park Ave., New York 16, N Y 
Treasurer Dr Arnold L Caron, 36 Pleasant St, Worchester, Mass 


AMERICAN RHINOLOGIC SOCIETY 

President Dr Russell L Williams, 408 Hynds Bldg, Cheyenne, Wyo 
Secretary' Dr Robert M Hansen 1735 No Wheeler Ave , Portland, Ore 
Annual Clinical Session Blinois Masonic Hospital, Chicago, BL, October, 
1958 

Annual Meeting October, 1958 Chicago, HI (Definite time and place to 
be announced later) 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Trent W Smith, 327 East State St, Columbus 15 Ohio 
Secretary Dr Samuel M Bloom 123 East S3 St, New York 28, N Y 
Meeting New York, Julj 16 1958, December 3 1958, place to be an 
nounced 


AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampsey, Grant Bldg , Pittsburgh 19, Pa. 
Secretary Treasurer Dr Daniel S DeStio 121 S Highland Ave Pitts 
burgh 6 Pa 

Annual Meeting Palmer House, Chicago Ill, October 16-17 1958 


ASSOC1ACAO MEDICA DO INSTITUTO PENIDO BURNIER— 
CAMPINAS 


President Dr Lech Junior 
First Secretary Dr Franco do Amaral 
Second Secretary Dr J M Queiroz Abreu 
Librarian Treasurer Dr Souza Queiroz 

Editors for the Archives of the Society Dr Guedes de Melo Filho, Dr 
Antonio de Almeida and Dr Gabriel PSrto 
Meetings Twice every month first and third Thursday, 8 30 P M 

ASOCIACION DE OTORRINOLARINGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA. 

Presidente Dr Julio Quevedo, 15 Calle Oriente No 5 
First Vice-Presidente Dr Hdctor Cruz, 3a Avenlda Sur No 72 
Second Vice-Presidente Dr Jos6 Luis Escamilla 5a Calle Ponlent* 
No 48 

Secretario-Tesorero Dr Horace Polanco, 13 Calle Ponlente No 9 D 
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ASOCIACION DE OTO-RiNO-LARINGOLOGiA DE BARCELONA, SPAIN 

Presldente Dr J Abello 

Vice-Presidente Dr Luis Sufie Medan 

Secretario Dr Jorge Perello, 319 Provenza, Barcelona. 

Vice-Secretario Dr A Pinart 
Vocal Dr J M Ferrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch, 1039 No Calvert SL, Baltimore, Maryland 
Secretary-Treasurer Dr Theodore A. Schwartz 


BUENOS AIRES CLUB OTOLARINGOLOGICO 

Presldente Dr K. Segre 
Vice-Presldente Dr A. P Belou. 

Secretario Dr S A Aranz 
Pro Secretario Dr J M Tato 
Tesorero Dr F Games 
Pro Tesorero Dr J A Bello 

CANADIAN OTOLARYNGOLOGICAL SOCIETY 
SOCIETE CANADIENNE D’OTOLARYNGOLOGIE 

President Dr Robert T Hayes, 42 Cobourg SL, St John, N B 
Secretary Dr Donald M McRae, 324 Spring Garden Rd , Halifax, N S 

CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G G Otrich, Belleville, IIL 
President Elect Dr Phil R. McGrath, Peoria, Ill. 

Secretary Treasurer Dr Alfred G Schultz, Jacksonville, Ill 


CHICAGO LARYNGOLOGICAL AND OTOLOGJCAL SOCIETY 

President Dr Stanton A Friedberg, 122 So Michigan Ave, Chicago S, 
Ill 

Vice-President Dr Maurice Snltman, 408 So 5th Ave, Maywood, Ill. 
Secretary-Treasurer Dr Fletcher Austin, 700 No Michigan Ave, Chi 
cago 11, Ill 

Meeting First Monday of each Month, October through May 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Grunwald S 
Vice-President Dr Agustin Estartus 
Secretary Dr Marcos Chaimovich S 
Treasurer Dr Benjamin Kapkan K 
Director Dr Aiberto Basterrica A. 

DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Ludwig A Michael, 3707 Gaston Ave, Dallas, Tex. 
Vice-President Dr Hal W Maxwell _ „ . . 

Secretary Treasurer Dr Edward A Newell 1511 No Beckley, Dallas 8 

Tex. 
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FEDERACION ARGENTINA, 

DE SOCIEDADES DE OTORRINOLARINGOLOGIA. 

Secretary of the Interior Prof Dr Atillo Viale del CarriL 
Secretary of Exterior Dr Aldo G Remorino 
Secretary Treasury Prof. Dr Antonio Carrascosa. 
Pro-Secretary of the Interior Prof Dr Carlos P Mercandino 
Pro-Secretary of the Exterior Prof. Dr Jaime A- del SeL 
Pro Secretary of the Treasury Dr Jorge Zubizarreta. 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M Noubleau, San Salavador 
Secretary-Treasurer Dr Hector R. Silva, Calle Arce No 84, San Salva 
dor El Salvador, Central America. 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Chas C Grace 145 King SL SL Augustine Fla 
President-Elect Dr Jos W Taylor 706 Franklin SL, Tampa, Fla 
Secretary-Treasurer Dr Carl S McLemore 1217 Kuhl Ave Orlando Fla. 


FOURTH LATIN AMERICAN CONGRESS OF 
OTORINOLARINGOLOGIA 

President Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr William B Stelnman 
President Elect Dr James H Mendel Jr 
Secretary Treasurer Dr H. Carlton Howard 

Meeting quarterly (March, May October and December) on the second 
Thursday of the month, 6 30 PM at Urmey Hotel Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 
President Dr Jo Ono, Tokyo, Japan. 

Secretary Dr Chevalier L Jackson 3401 N Broad SL Philadephia 40 
Pa. U S A. 

Meeting Seventh International Congress of Bronchoesophagology, 
Kyoto, Japan September 1958 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H. Steele. 

President Elect Dr Dick H. Underwood 

Secretary Dr James T Robison 4620 J C Nichols Parkway, Kansas 
City Mo 

Meeting Third Thursday of November January, February and April 
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AS0CIAC10N DE OTO-RINO-LARINGOLOGiA DE BARCELONA, SPAIN 

Presidente Dr J Abello 

Vice-Presidente Dr Luis SuSe Medan 

Secretario Dr Jorge Perellb, 319 Provenza, Barcelona. 

Yice-Secretario Dr A Pinart 

Vocal Dr J M Ferrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch, 1039 No Calvert St, Baltimore, Maryland 
Secretary-Treasurer Dr Theodore A. Schwartz 


BUENOS AIRES CLUB OTOLARINGOLOGICO 

Presidente Dr K. Segre 
Vlce-Presldente Dr A P Belou. 

Secretario Dr S A. Aranz 
Pro Secretario Dr J M Tato 
Tesorero Dr F Games 
Pro Tesorero Dr J A Bello 

CANADIAN OTOLARYNGOLOGICAL SOCIETY 
SOCIETE CANADIENNE D’OTOLARYNGOLOGIE 

President Dr Robert T Hayes, 42 Cobourg St, SL John, N B 
Secretary Dr Donald M McRae, 324 Spring Garden Rd, Halifax, N S 


CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C Otrlch, Belleville, III 
President Elect Dr Phil R McGrath, Peoria, HI 
Secretary-Treasurer Dr Alfred G Schultz, Jacksonville, Ill 


CHICAGO LARYNGOLOGICAL AND OTOLOGICAL SOCIETY 

President Dr Stanton A. Friedberg, 122 So Michigan Ave, Chicago 3 
Ill 

Vice-President Dr Maurice Snitman, 408 So 5th Ave. Maywood, Ill. 
Secretary-Treasurer Dr Fletcher Austin, 700 No Michigan Ave, Chi 
cago 11, Ill 

Meeting First Monday of each Month, October through May 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Grtawald S 
Vice-President Dr Agustin Estartus 
Secretary Dr Marcos Chaimovich S 
Treasurer Dr Benjamin Kapkan K. 

Director Dr Alberto Basterrica A 


DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


President Dr Ludwig A. Michael, 3707 Gaston Ave, Dallas Tex. 
virp-President Dr Hal W Maxwell ., _ „ 

Secretary-Treasurer Dr Edward A Newell 1511 No Beckley, Dallas 8 

Tex. 
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NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 


President Mr G L. Thompson, 16 Ramshill Road Scarborough York 
shire 

Vice-President Mr J H. Ottv, Frizlev Old Hall, Frlzinghall Road 
Bradford, Yorkshire 

Secretarv and Treasurer Mr R. Thomas, 27 High Petergate York, 
Yorkshire 


OTOSCLEROSIS STUDY GROUP 

President Dr L R. Boies Universitv Hospital, Minneapolis Minn 
Secretarr-Treasnrer Dr Arthur L. Jners, 611 Brovrn Bldg LotLisriUe 
Kv 

Meeting Palmer House, Chicago HL 

PACIFIC COAST OTO-OPHTHALMOLOGICAL SOCIETY 

President EL Lerov Goss M.D., 620 Cobh Bldg Seattle 1 Washington. 
Secretary Treasurer Homer E Smith, M.D 60S East South Temple 
Salt Lake Citr Utah. 

Meeting 

PAN AMERICAN ASSOCIATION OF OTO-RHINO LARYNGOLOGY 
AND BRONCHO ESOPHAGOLOGY 
President Dr Jose Gros Havana, Cuba. 

Executive Secretarv Dr Chevalier L. Jackson 3401 X Broad SL, Phila 
delphia 40 Pa. USA. 

Meetlng Sixth Pan American Congress of Oto-Rhino-Laryngology and 
Broncho-Esophagology 
Time and Place Brazil, 1958 

PHILADELPHIA LARYNGOLOGICAL SOCIETY 

President Dr Chevalier L. Jackson. 

Vice-President Dr John J O'Keefe 
Treasurer Dr Joseph P Atkins 

Secretarv Dr Louis E SIlcox. 

Historian Dr Herman B Cohen. 

Executive Committee Dr Harry P Schenck, Dr , Benjamin H Shuster 
Dr W illiam A. LeU, Dr William J Hitschler 

PITTSBURGH OTOLOGICAL SOCIETY 

President Dr Bernard L. Silverblatt 3500 Fifth Avenue Pittsburgh Pa 
Vice-President Dr Emorv A- RIttenhouse, 203 Masonic Bldg McKees 
port. Pa. 

Secretarv-Treasurer Dr John T Dickinson Mercv Hospital, Pittsburgh 
19 Pa. 

PORTUGUESE OTORHI NO LARYNGO LICAL SOCIETY 
President Dr Albert Luis de Mendonca. 

Secretary Dr Antonio da Costa Quinta, Avenida, de Liberdale 65 1* 
Lisbon. 


PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Clifton E. Benson, Bremerton, Wash. 

President Elect Dr Carl D F Jensen. Seattle Wash. 

Secretarv Dr Willard F Goff 1215 Fourth Ave., SeatUe Wash. 
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LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Max E Polilman 
Secretary Treasurer Dr Wendell C Iryine 
Chairman of Ophthalmology Section Dr Carroll A McCoj 

Secretary of Ophthalmology Section Dr Philip D Shanedling 

Chairman of Otolaiyngology Section Dr Robert W Godwin 

Secretary of Otolaryngology Section Dr Francis O’N Morris 

Place Los Angeles County Medical Association Bldg, 1925 Wilshire 
Bly d , Los Angeles, Calif 

Time 6 30 PM last Monday of each month from September to June, 
inclusive—Otolarvngologj Section 6 30, first Thursdaj of each month 
from September to June, inclushe—Ophthalmology- Section 


LOUISIANA MISSISSIPPI OPHTHALMOLOGJCAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr Fred D Hollowell, Lamar Life Bldg, Jackson, Miss 
Secretary Dr Edlej H Jones, 1301 Washington St, Vicksburg, Miss 
Meeting Edgewater Gulf Hotel, Edgewater Park, Miss, May 16 16, 1969 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary-Treasurer Dr Roland H Myers, 1720 Exchange Bldg, Mem 
phis, Tenn. 

Assistant Secretary-Treasurer Dr William F Murrah, Jr, Exchange 
Bldg, Memphis, Tenn 

Meeting Second Tuesday in each month at 8 00 p m at Memphis Bye, 
Nose and Throat Hospital 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoide, Mexico, D F 
Vice-President Dr M Gonzales Dlloa, Mexico, D F 
Secretary Dr Juan De Dios Peza Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Princeton, Mo 

Secretary Treasurer Dr Harold Swanberg, Qufncy, III 

Assistant Secretary Treasurer Dr Jacob B Relsch Springfield, ill 


NETHERLANDS SOCIETY OF OTO RHINO-LARYNGOLOGY 
(Nederlandsche Keel Neus Oorheelkundige Vereenlglng ) 

President Dr H Navis, Sonsbeekweg 6, Arnhem 

Secretary Dr W H Struben J J Viottastraat 1, Amsterdam 

Treasurer Mrs F Velleman Plato, Jac Ohrechtstr 6C, Amsterdam 


NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 


President Dr J C Peele Klastoa Clinic, Kinston, N vx 
Vice-President Dr George E Bradord, Winston Salem N C 
Secretary-Treasurer Dr J D Stratton, 1012 Kings Drive, Charlotte 7 


N C 
Meeting 
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SOCIEDAD DE OTO RINO LARINGOLOGIA, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Salvador iliico Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M. 


SOCIEDAD ESPANOLA DE OTORRINOLARINGOLOGIA. 

Presidente Dr D Adolfo Hinojar Pons 
Vlce-Presldente Dr D Jose Perez Mateos 
Secretario General Dr D Francisco Marafifis 
Tesorero Dr D Ernesto Alonso Ferrer 


SOCIEDAD MEXICANA DE OTCRRINOLARINGOLOGIA 
Havre 7—Desp 62 
Mexico 6, D F 

Honorary President Dr Ricardo Tapia y Fernfindez. 

President Dr M&ximo Garcia Castaneda 

Secretary Dr Eduardo de la Parra. 

Treasurer Dr Guillermo PSrez Villas ante 
Vocal Dr Rafael Pacchiano 


SOCIEDAD NACIONAL DE CIRUGIA OF CUBA 

Presidente Dr Reinaldo de Vlllers 
Vice-President® Dr Cfisar Cabrera Calderin. 

Secretario Dr Josfi Xirau. 

Tesorero Dr Alfredo M. PetlL 

Vocal Dr Jos6 Gross 

Vocal Dr Pedro Hemfindez Gonzalo 


SOCIEDAD OTO-RINO LARINGOLOGIA DE LOS 
HOSPITALES DE MADRID 

Presidente Dr Don Fernando Beltrfin Castillo 
Secretario General Dr Don Alfonso Vassallo de MnmberL 
Tesorero Dr Don Rafael Garcia Tapia. 


SOCIEDAD VENEZOLANA DE OTORRINOLARINGOLOGIA 

Presidente Dr Alfredo Cells Pdrez 
Vlce-Presldente Dr Bustamante Miranda. 

Secretario General Dr Jesus Miralles 
Tesorero Dr M Matheus 

Vocales Dr Perez Velasquez and Dr Vllmer Palacios 


SOCIEDADE DE OFTALMOLOGIA E OTORRINOLARINGOLOGIA DO 
RIO GRANDE DO SUL. 

President Dr Paulo Fernando Esteves 
Vice-President Dr Jayme Schilling 
First Secretary Dr Carlos Buede. 

Second Secretary Dr Molzfis Sabani 
First Treasurer Dr Israel Scherman. 

Second Treasurer Dr Rlvad&via C Meyer 
Librarian Dr Carlos M Carrion 
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RESEARCH STUDY CLUB OF LOS ANGELES, INC 

Chairman Dr Orrie E Ghrist, 210 N Central Ave, Glendale, Calif 
Treasurer Dr Norman Jesberg, 500 So Lucas Ave , Los Angeles 17, Calif 
Otolaryngology Dr Russell M Decker, 65 N Madison Ave , Pasadena 
1, Calif 

Ophthalmology Dr Warren A. Wilson, 1930 Wilshire Blvd, Los An 
geles 57, Calif 

Mid-Winter Clinical Convention annually, the last two weeks In January 
at Los Angeles, Calif 


SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA 

Chairman Dr J L Levine 
Vice Chairman Dr RHssell Page 
Secretary Dr James J McFarland 
Treasurer Dr Edward M O'Brien 

Meetings are held the second Tuesday of September, November, January, 
March and May, at 6 30 P M 
Place Army and Navy Club, Washington, D C 


SCOTTISH OTOLARYNGOLOGICAL SOCIETY 

President E A. M Connal, 1 Royal Crescent, Glasgow C 3, Scotland 
Secretary-Treasurer Dr J F Blrrell, 14 Moray Place, Edinburgh 
Assistant Secretary Dr H D Brown Kelly, 11 Sandyford Place, Glas 
gow 


SOCIEDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLARINGOLOGIA (BOGOTA, COLUMBIA) 

Presldente Dr Alfonso Tribin P 
Secretario Dr Felix E Lozano 
Tesorero Dr Mario Arenas A. 


SOCIEDAD CUBANA DE OTO-LARINGOLOGIA 

President Dr Reinaldo de Villiers 
Vice-President Dr Jorge de CArdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA 

Presldente Dr Frank Canosa Lorenzo 
Vice-Presidente Dr Julio Sanguily 
Secretario Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 


SOCIEDAD DE OTORRINOLARINGOLOGIA Y 
BRONCOESOFAGOSCOPIA DE CORDOBA 


Presldente Dr Aldo Remorlno 
Vice-Presidente Dr Luis E Olsen 
Secretario Dr Eugenio Romero Diaz 

Tesorero Dr Juan Manuel Pradales _ 

Vocales Dr Osvaldo Suarez, Dr Nondler Asis R-, Dr Jorge Bergallo 

Yofre 
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NOTICE TO CONTRIBUTORS 


The Laryngoscope reserves the right of exclusive publication 
of all articles submitted This does not preclude their publication 
m Transactions of various Societies 

Manuscripts should be typewritten, double spaced, on one side 
of paper only and with sufficient margins to allow for corrections 

Author’s name and city should appear directly under title on 
first page, street address at end of article 

All prints or photographs to be submitted m black and white, 
m good sharp contrast Good halftones depend upon clear photo¬ 
graphs Line drawings for zincs to be m black and white Colored 
inks or red or blue quadrille rulings will not reproduce 

References should be complete author’s surname, initials, 
title of article, Journal, volume, page, month, year 

Six illustrations will be furnished for each article without cost 
to author Authors will please limit illustrations to six or assume 
the expense of additional illustrations 

Proofs will be submitted to authors for corrections If these 
are not returned, articles will be published as corrected m this 
office 

Repunts will be furnished at the following prices 


WITHOUT COVER 



250 

Copies 

500 

Copies 

1000 

Copies 

2000 

Copies 

Four Pages 

$ 19 25 

$ 23 00 

$ 30 75 

? 44 50 

Eight Pages 

33 50 

42 76 


S3 00 

Twelve Pages 

47 00 

60 ?5 

86.25 

131 50 

Sixteen Pages 

61 00 

7S 75 

98 7o 

146 75 

Twenty Pages 

76 00 

96 25 

129 50 

187 25 

Twenty four Pages 

88 To 

112 50 

150 00 

217 25 

Twenty-eight Pages 

97 50 

123 25 

162 25 

233 50 

Thirty two Pages 

115 00 

139 75 

ISO 00 

267 00 


WITH COVER 


Four Pages 

| 37.25 

? 46 50 

? 6150 

? 88 75 

Eight Pages 

51 50 

66 25 

89.25 

127 25 

Twelve Pages 

65 00 

S4 25 

117 00 


Sixteen Pages 

79 00 

102 25 

129 50 

191 00 

Twenty Pages 

94 00 

119 75 

160 25 

231 50 

Twenty tour Pages 

106 75 

136 00 

ISO 75 

261 50 

Twentj-eight Pages 

115 50 

146 75 

193 00 

277 75 

Thirty two Pages 

133 00 

163.25 

210 75 

311.25 


Express charges will be paid by consignee 
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SOCIEDAD PANAMENA DE OTORRINOLARINGOLOGIA 

Presidente Dr Manuel Preciado 

First Vice Presidente Dr Alonso Roy- 

Second Vice-Presidente Dr Carlos Arango Carbone 

Secretario Dr Marla Esther Vlllalaz 

Tesorero Dr Ram&n Crespo 

SOCIEDADE PORTUGUESA DE OTORRINOLARINGOLOGIA 

E DE 

BRONCO ESOFAGOLOGIA 

Presidente Dr Alberto Luis De Mendonca. 

Vice-Presldente Dr Jaime de Magalhaes 
l.° Secretario Dr Antonio da Costa Quinta. 

2 0 Secretario Dr Albano Coelho 

Tesoureiro Dr Jose Antonio de Campos Henriques 

Vogais Dr Teofilo Esquivel 

Dr Antonio Cancela de Amorim 
Sede Avenida da Liberdade, 65, 1°, Lisboa 

SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President Capt William C Llvingood, U S N (M C ) 

Secretary Treasurer LL Col Sanley H Bear, M C, 3810th USAF Hos 
pltal, Maxwell AFB, Alabama 
Meeting Palmer House, Chicago, Ill 

SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette, Orangeburg, S C 
Vice President Dr Robert P Jeanes, Easley, S C 
Secretary Treasurer Dr Roderick Macdonald, 333 East Main St, Rock 
Hill, S Car 
Meeting 


SOUTHERN MEDICAL ASSOCIATION, 

SECTION ON OPHTHALMOLOGY AND OTOLARYNGOLOGY 

Chairman Dr V Eugene Holcombe Charleston, W Va. 

Chairman Elect Dr G Slaughter Fitz-Hugh, Charlottesville, Va 
Vice Chairman Dr George M Haik, New Orleans, La 
Secretary Dr Mercer G Lynch, New Orleans, La 

VIRGINIA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Benjamin Sheppard, 301 Medical Arts Building, Rich¬ 
mond, Virginia 

President Elect Dr Emanuel D Wallersteln, Professional Building, 
Richmond, Virginia 

Vice-President Dr Calvin T Burton, Medical Arts Building Roanoke, 
Virginia 

Secretary-Treasurer Dr Maynard P Smith, 600 Professional Building, 
Richmond, Virginia 
Meeting 

WEST VIRGINIA ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


President Dr James K. Stewart Wheeling, W Va. 
Secretary-Treasurer Dr Frederick C Reel Charleston W Va 
Annual Meeting 
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Author’s name and city should appear directly under title on 
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THE INSTITUTIONS OFFERING EIGHT-NINE MONTHS’ 
COURSE IN BASIC SCIENCE IN OTOLARYNGOLOGY 

LEADING TO 

CERTIFICATION AND HIGHER DEGREES* 


COLLEGE OF MEDICAL EVANGELISTS 

Graduate School of Medicine 
Boyle and Michigan Avenue 
Los Angeles 33, California 


HARVARD MEDICAL SCHOOL 

25 Shattock Street 
Boston 15, Massachusetts 
at Harvard Medical School and 
Manchester Eye and Ear Infirmary 


NORTHWESTERN UNIVERSITY SCHOOL OF MEDICINE 

Evanston, Illinois 


UNIVERSITY OF ILLINOIS COLLEGE OF MEDICINE 

1853 West Polk Street 
Chicago 12, Illinois 


UNIVERSITY OF PENNSYLVANIA 

Graduate School of Medicine 
36th and Pine Streets 
Philadelphia, Pennsylvania 


WASHINGTON UNIVERSITY SCHOOL OF MEDICINE 

Euclid Avenue and KIngshlghway 
St Louis 10, Missouri 


TULANE MEDICAL SCHOOL 

1430 Tulane Avenue 
New Orleans 12, Louisiana 
at Tulane Medical School and 
Eye, Ear, Nose and Throat Hospital 


NEW YORK UNIVERSITY 

Bellevue Medical Center 
Post-Graduate Medical School 
477 First Avenue 
New York 16, New York 

Basic Sciences In Otolaryngology 
September through June 


•Our subscribers are asked to send us information on other institutions 
giving such courses 
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MALFORMATIONS AND ANATOMICAL VARIATIONS 
SEEN IN THE MIDDLE EAR DURING THE 
OPERATION FOR MOBILIZATION 
OF THE STAPES * 

J V D Hough, M D , 

Oklahoma City, Okla 

INTRODUCTION 

The purpose of this thesis is to present some of the varia¬ 
tions and abnormalities which may be seen m the middle ear 
during transaural tvmpanotomv Mobilization of the stapes 
is the most frequentlv performed contemporarv operation, 
using this exposure The conditions here reported and dis¬ 
cussed were observed in the course of 500 such procedures 

The importance of minutiae increases as the otologist’s 
scope broadens, and his field of operation is seen with greater 
magnification Numerous procedures" 4,3P 14014? 1£ ° 1-0 to re¬ 
build, alter, or bvpass the conductive mechanism of the mid¬ 
dle ear have produced a pressing need foi more information 
regarding the variations seen when the eardrum is lifted 
and the complex mechanism of the middle ear is viewed 
Microscopic vision and intense light have revealed structures 
which have stimulated otologists for decades Now, the 
operator may engage m micro-orthopedics and plastic re¬ 
visions of delicate proportions Variations of as little as a 
fraction of one mm or a few degrees ha\ e become more 
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this discussion to include those abnoimalities of the middle 
eai winch aie so often found in association with other 
anomalies of the external 01 internal eai 01 othei bianchial 
derivatives 

These malfoimations, limited to the middle eai, aie docu¬ 
mented here by actual photogiaphs taken at the time of 
operation In oidei not to distort the coloi photographs by 
labels, sketches of anatomical stiuctuies of interest, are 
mounted beside each photogiaph, and the stiuctuies identi¬ 
fied by appiopnate pilot lines The photogiaphs weie taken 
thiough the Zeiss operating micioscope, rising daylight Koda- 
clnome film The light and the objectives weie fixed The 
F-settmg of the cameia was 22 The pictuies weie taken nr 
l/50th of a second The punts weie enlaiged m color directly 
onto a celluloid background 

All of the liteiatuie available to me, both foieign and do¬ 
mestic, concerning embryology, physiology, anatomy, and mal¬ 
formations of the eai has been leviewed foi the past 100 
yeais Local hospital and univeisity libianes and national 
seivice oiganizations have aided m obtaining this literatuie 
Photostats and miciofilms have been secured of laie and non- 
tiansfeiable articles fiom such services as the National Li- 
biaij of Medicine, the Armed Foices Medical Libiary, etc 

ORGANIZATION OF MATERIAL PRESENTED 

A presentation of the visual experience of these variations 
and malfoimations lequnes some discussion as to the signifi¬ 
cance of what is seen Fust, a discussion of fundamental 
embryology of the aiea will be given Next, consideration of 
the individual vanations seen m the following structures of 
the middle eai will be given 1 Muscles and Tendons, 2 
Bones and Jomts, 3 Nerves, U Vessels, and 5 The Round 
Window Photogiaphs and dialings of eais, demonstrating 
some of the variations and abnormalities, will then be pre¬ 
sented in the same oidei A bnef explanation legal ding the 
puipose of presenting each photogiaph will be given Com¬ 
ments that seem appropriate will be offeied regarding sur¬ 
gical significance, etiology, embi vology, and case history 
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impoitant than evei befoie A slight distoition 01 the ab¬ 
sence of a landmaik can be a pitfall foi the newly tiamed 
suigeon, and sometimes an expel lenced opeiatoi may find 
his way down an unmaiked load into a disastious lesult 

The lepoit of vanations found m the middle eai, 01 even 
a segment of it, fiom the outset is doomed to be incomplete 
Exhaustive studies of only one small part, 1014 17 16 18 23 11 13 1B 9 
3512 2019 such as the stapes, have occupied men ovei long 
penods of time Study of vanations of the eai is, howevei, 
impoitant enough to justify the effoit fiom a puiely didactive 
biologic standpoint, but this justification is now lemfoiced 
by the cunently evident clinical application, fuitheimoie, 
thoughts legal ding the development piocesses and theones 
of function may be stimulated m the minds of the leadeis 

In the past the discovery of middle eai anomalies un- 
associated with othei known defects of closely i elated stiuc- 
tuies has been extiemely iaie R0 Almost all of the leports 
in available Iiteiatuie have been of patients with atiesia of 
the external eai with oi without othei defects of the entile 
healing oigan 54 110 91 28 34 118 40 77 94 76 111 26 99 % 60 100 71 101 > 107 63, 

103 119 72 104 105 66 67 70 100 96,122 2 22 S7 107 10S 1S3 159 114,120 46 123 124 126 

79113 92 164 6 112 21 09 n 2 6s it 1Sj howevei, my opinion that iso¬ 
lated malformations of the middle eai aie not neaily so laie 
as has been pieviously thought, indeed, I am suie that many 
of these have been obseived lepeatedly although not yet le- 
ported A laige numbei of vanations and abnoimalities 
have been obseived by me m 500 opeiations, so it seems 
leasonable to assume that these aie not laie The otologic 
suigeon, theiefoie, must constantly lemembei that a noimal 
external canal may be appioached and a noimal tympanic 
membiane leflected only to unveil aichitectuial and mechan¬ 
ical pioblems of seveial types 

SOURCES OF MATERIAL 

The lepoited variations and anomalies listed in this thesis 
veie all found dm mg the couise of 500 tiansauial tympanot¬ 
omies, most of uluch veie done foi the pm pose of mobilizing 
the stapes Theie will be no attempt to bioaden the field of 
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expansion of the head, which tends to sepaiate the piimitive 
external eai fiom the middle eai Mesodeimal tissue sepa- 
lates the two epithelial layeis dm mg the ossiculai develop¬ 
ment Neai the end of the second month of fetal life, the 
ectodeim thickens at the bottom of the gioove and glows 
towaid the middle ear This solid meatal plate lemains 
closed until the seventh month, at which time it splits and 
foims a canal The mneimost portion of this plate becomes 
the superficial layei of the tympanic membiane 

THE MIDDLE EAR 

The tympanic cavity and the auditoiy (Eustachian) tube 
actually lepiesents a diawn-out fust phaiyngeal pouch The 
second phaiyngeal pouch may also be meiged with it 53 The 
sunoundmg tissue of the fust and second bianchial aiches 
constitutes the pumoidia of most of the other tympanic 
stiuctuies, such as ossicles, muscles, tendons, and connective 
tissue 

The fust phaiyngeal entodeimal pouch appeals late m the 
thud embivonic week (3 mm stage) and expands rapidly 
Foi a time it is m contact with the ectodermal membiane of 
the external fust bianchial gioove (piimitive external canal) 
This long open tube undeigoes a bottleneck constriction near 
the end of the second month The constucted portion length¬ 
ens and becomes the auditoiy (Eustachian) tube, wheieas 
the blind outer end of the pouch expands to form the tympanic 
cavity At eight weeks (23 mm stage), the tip of the flat 
tympanic cavity lies alongside the ectodeimal tissue of the 
fast bianchial gioove, which is the futuie external canal 
These two cavities aie sepaiated by mesenchyme which later 
becomes the manubnum of the malleus and the middle fibious 
layei of the tympanic membiane Above, medial and pos- 
tenoi to the area of the future expansion of the tympanic 
cavity, the othei ossicular and musculai elements aie being 
developed fiom the mesenchymal tissue As these stiuctures 
piogiess to matunty, the unused sunoundmg mesenchyme 
dismtegi ates and the entodermal-lmed tympanic cavity ex¬ 
pands This expansion is m pace with the concomitant de¬ 
velopment of the cartilaginous otic capsule and the external 
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Finally, geneial discussion undei the headings of, fust, 
etiology, and second, diagnosis, of malfoimations of the 
middle eai will be piesented 

Embi'yology —(see Fig 1) Diawing fiom diagiam m 

Aiey, “Developmental Anatomy,” W B Saundeis Co, 1940 
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THE EXTERNAL EAR 

The external eai is foimed by a modification of the tissues 
of the median portion of the fust bianclnal gioove and its 
neighboimg fust bianclnal aich (mandibulai) above, and the 
second bianclnal aich (h 3 r oid) below The auncle is fonned 
by seveial knobhke stiuctuies that appeal on the fust two 
aiches about the sixth fetal week These aie giadually 
molded togethei to foim the adult auncle 

The extemal auditoiy canal m leality lepiesents the fust 
bianclnal gioove The membianes (ectodeimal) of this 
gioove aie foi a time (fourth to the fifth embiyonic week) 
m contact with the internal (entodeimal) tissues of the first 
phaijngeal pouch Tins contact is soon lost, liowevei, b\ the 
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will be formed At this age the malleus and mcus aie lecog- 
nizable, and the mcudomalleolai joint begins to sepaiate the 
two ossicles The mcus is beginning to approach, but not 
touch, the head of the stapes for the formation of the mcudo- 
stapedial joint Piecartilage may be seen in the tissue of the 
ossicles and the otic capsule 

In the eight-week-old embryo (23 mm stage), the stapes 
is cartilaginous, and its base is piessed haid against the 
otic capsule The remaining visceial bai connection becomes 
a strong mesenchymal band This band attaches to the lateral 
mass of the otic capsule, thus connecting it with the stapes 
head This will become the stapedius muscle A very small 
stapedial artery is still piesent The malleus is still con¬ 
nected to Meckel’s cartilage, and the mcudomalleolai joint 
has developed an articulating surface The joining of the 
long piocess of the mcus with the stapes head has occurred 

The embryo, at the age of nine weeks (30 mm stage), has 
tiue cartilage forming the stapes and the otic capsule, ex¬ 
cept m the vestibulai legion of the capsule against which the 
stapes rests This aiea is called the lamma stapedialis This 
portion of the capsule actually has two cellulai zones The 
moie superficial is mesenchyme which lies against the pen- 
chondnum of the base of the stapes The deepei layei is 
fibioblastic and blends with the mesenchyme supporting the 
epithelial labyrinth Actually this lamma stapedialis fuses 
with and becomes a stiuctuial part of the footplate of the 
stapes, theiefore, it may be said that a part of the otic cap- 
sulai wall conti lbutes to the formation of the stapes 

Between the 12th and the 14th fetal week (50 and 75 mm 
stage), the crura of the stapes become bowed, and the union 
of the mcus and stapes diffei entiates mto an articulating 
joint The base of the stapes has now become a part of the 
lamma stapedialis and blends with the sunoundmg capsulai 
tissue This blending zone gradually undeigoes furthei 
change mto the annulai ligament Actually^, an onfiee as 
such nevei exists, smce the stapes is histologically continuous 
with the marginal cartilaginous vestibulai window The an¬ 
nular ligament is first composed of chondiogenic tissue but 
progiessively changes to a fibrous tissue 
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eai canal As the tympanum expands the lining epithelium 
sunounds the ossicles and muscles By the 30th week (270 
mm stage), the cavity foimation of the tympanum is com¬ 
plete, but anothei month is lequucd befoie the cpitympanum 
is neai completion At torn most of the expansion is finished 
and the cavities aie almost matin e 

OSSICULAR AND MUSCULAR DEVELOPMENT OP THE MIDDLE EAR 

This thesis is so intimately concei nod with the ossiculai 
and musculai stiuctuies of the middle eai that a moie de¬ 
tailed discussion will be made legaldmg then known develop¬ 
mental piocesses A bucf clnonologic stoiy of embiyologic 
development has been coil elated fiom scveial authontative 
souices 

The stapes is the fust ossicle to make its appealancc 
When the embiyo is foui-and-a-half weeks old (7 mm stage) 
thcie is a concentiation of mesenchymal cells at the ciamal 
end of the second bianchia! aich, also lefened to as the 
hvoid, oi second visceial bai This is situated lateial to the 
mesenchyme of the pnmitive otic capsule, and is scpaiatcd 
Iiom it It is still connected with its bianchial aich (Reich- 
eit’s caitilage, oi hvoid bai) When the embiyo is six weeks 
old (12 mm stage), the stapes is lepicscntcd bv a dense 
mesenchymal l mg pencilated bv a huge stapedial aiteiv 

At the end of six-and-a-lmlf weeks (14 mm stage), the 
stapes is continuous with its bianchial aich (Reicheit's caitil¬ 
age) only at the lateial poilion, which will become the futuie 
head of the ossicle It is at this age that Meckel’s caitilage 
of the fust bianchial, oi visceial, aich is seen (also called 
the mandibulai aich) This will lapidlv diffcicntiate into 
the malleus, the incus and the tensoi tvmpani muscle 

When the embivo is seven weeks old (17 mm stage) the 
stapes is annulai in shape like a doughnut 11 lias moved 
into close apposition with the lateial wall of the otic capsule 
The basal poi lion of the stapes abuts the otic capsule and 
pioduces a concawh m it The stapes is still connected with 
its visceial bianchial aich (hvoid), and it is fiom this 10 - 
tmuning connection that the stapedius muscle and tendon 
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THE INNER EAR 

The innei eai is pioduced fiom epithelium denved fiom 
ectodeim Very early m embryonic life (thiee to foui weeks, 
01 the 2 to 4 mm stage) theie develops an ectodeimal thick¬ 
ening called the auditory placode on the lateial surface of 
the head This aiea mvagmates to form a deep pit, the 
oi if ice of which soon starts constuctmg and eventually closes 
This forms a closed sac of flapped ectodeimal cells, called the 
otocyst This becomes sepaiated fiom the suiface of the 
head and is completely sunounded by mesenchyme At the 
fifth week (8 mm stage), the otocyst begins diffeientiation 
into the vestibulai and cochleai poitions The cochlea begins 
to coil at the seventh week (17 mm stage), and the vestibule 
has developed the pimntive utucle, saccule, and semicncular 
canals The sunoundmg mesenchyme becomes the otic cai- 
tilagmous capsule which begins ossification at about the 17th 
week of fetal life (125 mm stage) The elaborate embiyo- 
logic diffeientiation of this highly specialized stiuctuie will 
not be tiaced furthei, as it is not needed foi the puipose of 
this thesis The diffeientiation has been completed, and the 
oigan is matui e at birth 

VARIATIONS—MUSCLES AND TENDONS 

“Malfoimations of the muscles of the middle eai, especially 
then paitial oi complete lack, have been obseived only when 
associated with othei seveie malformations ” 93 Again, tins 
condition is not so laie as has been pieviously consideied 
Duimg the couise of 500 opeiations, I have found five pa¬ 
tients with a total absence of the stapedius muscle, tendon 
and pyiamidal eminence (see Figs 16, 5, 6, 7, 8) In one 
patient (see Fig 13), the muscle band was not much more 
than a condensation of soft tissue 

The significance of abnormalities oi absence of the sta¬ 
pedius muscle has been the object of highly specialized scien¬ 
tific investigation 10000103 Appai ently the stapedius muscle 
has the ability to i educe oi dampen sound tiansmission 
en loute fiom the tympanic membiane to the cochlea Some 
believe a leflex action may enhance certain sounds as well as 
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When the embiyo is 16 weeks old (112 mm stage), the 
ossicles aie still caitilagmous Ossification then appeals 
fust m the incus along the antenoi aspect of the long cius 

By the 17th week of embiyomc life (125 mm stage), bone 
makes its initial appealance in the body of the malleus It is 
also at this time that ossification begins m the otic capsule 

At about the 19th week of embiyomc life (150 mm stage), 
ossification begins m the stapes by the appeal ance of a single 
centei on the obtuiatoi surface of the base Fiom this centei, 
ossification spieads ovei the base and along each cius 

At about the 28th week of embiyomc life (225 mm stage), 
ossification has occuiled thioughout most of the ossicles 
The usual evacuation of the stapes is beginning to occui 
along the obtuiatoi maigms This piogiesses until the ciuia 
aie leconstiucted into channeled tioughs, the head is hollowed 
to form a cyhndei, and the base becomes a thinned bilammai 
plate This exceptional diffeientiation is found only m the 
stapes The malleus and incus, like all of the othei bones of 
the body, piogiessively become tlnckei thiough the develop¬ 
ment of endochondial bone wheieas the stapes becomes thin- 
nei, loses bulk and disposes of its manow tissue Caitilage 
lemams thioughout life on all aitieulatmg surfaces of the 
ossicles Cartilage still coveis, and will peisist, on the ves- 
tibulai surface of the base of the stapes Cartilage still le- 
mains and will peisist thioughout life m the 11 m lining of 
the oval window 

By about the 35th week of embiyomc life (345 mm stage), 
the stapes has assumed adult form, as have also the malleus 
and incus Mucous membiane has lined the spaces of the 
middle eai and is diaped ovei the tympanic surfaces of the 
ossicles 

At teim (367 mm ) the adult foim of the ossicles is piesent 
and then lelationships aie established The ossiculai muscles 
aie fully developed and the mechanism of sound tiansmission 
is established foi life’s sojourn on earth 
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midal eminence dm mg the opeiation foi mobilization of the 
stapes without bone lemoval fiom the external canal Avail is 
quite vanable Although fiequently it may be seen m its 
entnety (see Fig 2), usually the choida tympam neive must 
be dislocated, and some canal wall bone must be removed 
befoie it can be completely inspected (see Fig 27) 

Vanations m the length of the stapedius tendon aie gieat 
Some aie extiemely long (see Fig 31) Some aie almost 
too short to see (see Fig 4) The unusual piojection of the 
stapedius pyiamidal eminence and the extiemely short tendon 
seen m this photogiaph aie extiemely laie The manipula¬ 
tion of the stapes in an opeiation foi mobilization of the 
stapes can be mterfeied Avith by this close pioximity Visuali¬ 
zation of the movement of the stapedius tendon is sometimes 
used to identify certain slight motions of the head of the 
stapes duimg mobilization 130 ” 0 The size, location, and ex- 
posuie vanations aie impoitant in this light 

The attachment of the stapedius tendon is to the neck of 
the stapes in about thi ee-fourths of eais Occasionally, it is 
attached to the head oi to the postenoi cius (see Figs 17, 2, 
3) Usually the tendon is attached to a spine on the stapes 24 
One wiitei believed that the spine v r as the lesult of a ti action 
piocess, ivheieas anothei felt that the spine was peihaps 
due to ossification of a certain portion of a tendon 142 It is 
my belief that neithei is tiue, since I have obseived seveial 
cases m Avhich a lathei long spine Avas piojectmg m a dif- 
feient dnection fiom the line of the tendon, and the tendon 
AA r as attached to its distal end If this spine had lesulted 
fiom eithei a ti action piocess oi a tendon ossification it 
Avould haA r e been m line Avith the tendon 

Discussion of middle eai muscles m this thesis Avail not in¬ 
clude the tensoi tympam muscle because it is not usually 
obseived m tians-auial tympanotomy 

BONES AND JOINTS 

Vanations of the ossicles m an othei\A r ise noimal auditory 
oigan aie laie 03 - c The stapes is piobably the most fiequent- 
ly affected ossicle, 03 but the vast majonty of leports m the 
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i educe certain intensities 103 Otheis believe that it is not a 
muscle of “attention,’' but a piotective adjustoi 90 The extent 
of the tiue value of the stapedius muscle is ceitamly not 
known, but now we can at least be suie that it is not ab¬ 
solutely necessaiy foi seiviceable healing This is pioved 
by an example of the letum of heaung m a patient with 
ankylosis of the stapes and concomitant absence of the sta¬ 
pedius muscle (see Fig 5) Aftei mobilization of the stapes, 
this patient’s heaung letumed to a good serviceable level 
This patient seems to have had no difficulty with toleiance to 
intense sounds, pitched eithei high oi low and, theiefoie, 
does not seem to miss the “piotective” mechanism 

A case has been pieviously lepoited of ossification of the 
stapedius tendon pioducmg stapes ankylosis 142 This has not 
been obseived in this senes, but embryologically one might 
expect this change lathei frequently The stapedius head is 
joined to the hyoid bai lathei late, and this tissue eventually 
attaches to the otic capsule and becomes the stapedius muscle, 
tendon and pyiamidal eminence, with bone being foimed on 
both ends and aiound the muscle belly All these stiuctuies 
aie denved fiom the same bianchial tissue and one could ex¬ 
pect, occasionally, a diffeiential change fiom muscle to bone 

Supeinumeiaiy muscles have been leported m the bony 
facial canal 4 30 This muscle is without insertion and appai- 
ently is pui poseless Othei small muscle fibeis have been 
seen in the substance of the tempoial bone, but none has 
been obseived m the middle eai, and none was found m this 
seiles 

Vanations in the dnection fiom the insertion of the sta¬ 
pedius tendon into the stapes antenoily to its ongm in the 
pviamidal eminence postenoily aie fiequentlv found They 
aie of inteiest only in that they might hide a ceitam view 
of the postenoi cius and footplate of the stapes by sucli a 
location In the majonty, the tendon extends dnectlv pos- 
tenoilv and appioximately parallel to the postenor cius (see 
Fig 2) In a fev. instances, it will be dnected mfeiioilv and 
postenoiIv (see Fig 3), and veij laiely it mil be dnected 
supenoilv and posteuoilv The visualization of the pvia- 



HOUGH MEDDLE EAR IN STAPES MOBILIZATION 


1349 


stapes had almost fallen short of union, and the stapes had 
turned its head up foi a slight distance advantage Indeed, 
the union of these two bones, which aie embiyologically denv- 
atives of sepaiate bianchial aiches, would make one wondei 
that much gieatei vanation does not oecui The usual mcudo- 
stapedial joint is found with the lenticulai piocess of the 
incus placed slightly moxe antenoi than the head of the 
stapes This allows the postenoi 11 m of the head of the 
stapes to be cleaih seen Fiequently the lenticular piocess 
is placed squaiely on the head and occasionally moie postenoi 
than the head of the stapes (see Fig 2) 

The head of the stapes may be extiemely hollowed-out 01 
solid, and may be as a lounded knob on a pedestal, 01 meiely 
a flattened surface on the top of an aich foimed by the ciuia 
The normal and the usual is somewheie between these ex- 
ti ernes Bone eiosion may pioduce a vanety of knobs, spines, 
and holes m the head 01 the neck of the stapes 

The neck of the stapes may be thick 01 thin, solid 01 hollow, 
stiong 01 weak- 4 Its length does not always determine its 
stiength A long slender neck may well stand a gieat amount 
of piessuie which might be exerted on it during opeiative 
maneuvers 130140 

The head of the stapes is usually tilted slightly forwaid in 
relationship to the ciuial aich, howevei, it frequently meets 
the arch m a tiue peipendiculai mannei, and is occasionally 
tilted slightly postenoi 

The clinical significance of these vanations is obvious 3 If 
the articulating surface is markedly tilted, efforts to perform 
a mobilization of the stapes by pressuie exerted thiougli the 
incus will frequently cause distortion and lysis of the joint, 
wheieas lecogrution that theie is a model ate tilt m one of 
the above directions will allow the suigeon to apply foice in 
a dnection that will allow foi the tilt It has been my ex¬ 
perience that the two most dangeious positions m this lespect 
aie a tilting of the head of the stapes downwaid oi forward 
In some instances, mobilization thiough the incus is imprac¬ 
tical Picks m the head of the stapes aie sometimes used 
to mobilize a fixed footplate If the incus is placed unusually 
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hteiatuie associate ossiculai defoimities with othei severe 
head and bianchial aich defoimities In leviewmg the hteia- 
tuie, many of those lepoited weie found m animals 26,21 

THE STAPES 

“In spite of the impoitance of the stapes, no single element 
m human anatomy has suffeied moie chiomc neglect This 
is a stiange instance of disiegaid, since the stapes has gieat 
clinical impoitance in otoscleiosis It passes thiough develop¬ 
mental stages of extieme mteiest, and is grossly the most 
captivating bone m the human skeleton Foi all of its unique 
fascination as the smallest essential bone and as the most 
exquisitely fashioned unit, this ossicle has not only been for¬ 
gotten by mvestigatoi s in anatomy and otology, but the 
descuptions of it m standaid textbooks of anatomy have be¬ 
come stylized and debased thiough the yeais They aie m- 
accuiate and fiagmentaiy, commonly peipetiatmg century- 
old enois Illustiations aie eithei minute 01 diagiammat- 
ic ” 24 Beanng this quotation m mind, an objective descnp- 
tion of the unusual anatomy of this bone will be piesen ted, 
with the discussion of the vanations mentioned in the liteia- 
tuie and encounteied by me in this senes 

THE HEAD OF THE STAPES 

The head of the stapes is normally bioad and shallow, 44 
and its suiface is elliptical and concave foi aiticulatmg pui- 
poses This suiface is usually m a neai sagittal plane, thus 
peimittmg the use of piessuie thiough the incus on the stapes 
without causing one pait to slide on the othei, thus pioducing 
possible joint sepaiation (see Fig 20) Occasionally, how- 
evei, the joint will be tilted foiwaid, peimittmg antenoi 
dislocation if tiansmcus pi essuie is applied, also occasionally 
the joint face of the stapes will be facing at a downward 
angle as though the long piocess of the incus had oveigiown 
itself, and the joint formation vas an afterthought (see 
Fig 6) Anothei vanation is foi the head of the stapes to 
be tilted supeuoily, thus making the articulating suiface 
face moie in an upvaid plane (see Fig 14) This would 
make one feel that the long piocess of the incus and the 
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it would be a veiy exceptional case m which the postenoi 
ci us would be stiaightei and moie slendei and shoitei than 
the antenoi cius (see Fig 5) Actually laie specimens occui 
m which the antenoi cius is longei than the postenoi and 
faiily commonly the ciuia aie equal m length and about alike 
m cuivatuie (see Fig 31) 

Very little lefeience is made in past hteiatuie to a finding 
which I have fiequently encounteied These cases aie those 
of ciuial bowing, eithei mfenoily oi supenoily They may 
seem to wiap aiound the curve of the piomontoiy oi be cuived 
aiound the bony facial canal 6 (see Fig 6) Bowing of the 
stapes ciuia is piobably moie fiequently seen m a downwaid 
dnection The intimate bowing aiound the bony facial canal 
is extiemely laie (see Fig 14) Bowing of the ciuia must 
be consideied if stiess is to be exeited m any dnection duimg 
an opeiation 

Bony piojections may be seen fiequently on the suiface of 
the postenoi cius A knee-like aiea may fiequently be seen 
about one-thud of the distance down fiom the head towaid 
the footplate on the postenoi cius 21 Theie is fiequently a 
bony spine on eithei the head, neck, oi high on the postenoi 
cius foi the mseition of the stapedius tendon Raiely one 
may see a heavy bony lod extending fiom the piomontoiy 
oi the facial canal to join the postenoi cius, thus causing 
fixation to the labynnthme capsule 152 (see Fig 18) I have 
obseived that it is common to see bony budges which pioject 
fiom the piomontoiy and aie veiy neai one of the ciuia 
These aie seldom fused with it (see Fig 17) 

Seveie vanations of the ciuia aie veiy laiely seen 03 34 
They have been leported only with seveie defoimities of the 
skull Most of the seveie ciuial defoimities leported in hteia- 
tuie weie seen m animals 20 24 Isolated human anomalies aie 
extiemely i aie 20 I believe these malformations aie fai moie 
common than is lealized Fusion of the stapes ciuia into a 
double-ban eled stapes was observed one time m this senes, 
and has been obseived pieviously 21 This is peihaps due to 
vanation m the pnmitive stapedial artery oi abnormal ossi¬ 
fication of the mnei ciuial membiane, oi due to a vanation 
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tai posteuoi it may be impossible to engage the pick m the 
head of the stapes without joint dislocation Often the head 
and neck of the stapes have been lendeied a hollow shell by 
bony absoi ption fiom the obtiuatoi surface The outside 
appeaiance may be that of a heavy solid stiuctuie, but the 
application of even a fine pick may bleak thiough the shell 
and cause the head to ciumble paitially 

One maneuvei foi mobilization of a fixed stapes depends 
a gieat deal on the stiuctuie of the head and neck as well as 
tie ciuia The piessuie m this maneuvei is against one 
aiea of the antenoi poition of the neck 01 head, and the line 
of foice is m a posteuoi dnection 130 The head of the stapes 
is usually tilted slightly foiwaid, and this is an advantage in 
the application of foice m this dnection 


THE CRURA 

The stapes ciuia aie long aiched stiuctuies which fuse into 
one at the neck of the stapes, and aie widely diveigent as 
they meet the footplate They aie hollowed on the inside, 01 
obtmatoi surface, making them an mveited lounded tiough, 
the edges of which become moie pionounced as they cuive to 
meet the footplate This tiough is usually deepei at the base 
of the posteuoi cius than at the base of the antenoi cius 
This hollowing out is the lesult of bony absoi ption and can 
pioduce a laige numbei of vanations The ciuia may be 
extiemely hollowed out to a very weak thin shell, on the 
othei hand, theie may be no visible evidence of eiosion so 
that the ciuia aie left veiy solid and laige This is an in¬ 
fantile type of ciuia Bony piojections, spuis and eioded- 
lookmg pits may fiequently be seen, especially on the ob- 
tuiatoi suiface 

The antenoi cius is usually stiaightei and shoitei than the 
posteuoi The antenoi cius aveiages 3 62 mm fiom the head 
to the base The posteuoi cius aveiages 3 73 mm fiom the 
head to the base The antenoi cius is the moie slendei of the 
two This descnption is consideied to be almost an invanable 
one b\ most authois Theie seems to be onlv one who has 
disagieed with this descnption At least one can sa\ that 
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plane as seen m Fig 14 In this patient theie was a seveie 
congenital malformation of the labyrinthine wall, making the 
aiea of the stapedius lammahs almost look down on its tym¬ 
panic aspect This is because the window aiea is situated 
undei and medial to the facial canal At the othei extreme 
is the footplate that is flat 01 looking slightly upwaid, as seen 
m Fig 31 

The bony oveihang of the facial nerve above oi the piom- 
ontoiy below deteimmes the dneetion and width of the niche 
m which the stapes must fit The ciuia aie usually attached 
to the footplate at a slightly supenoi angulation m situ 23 
This is an unusual statement since m a laige majonty of cases 
the footplate is seen mostly above the ciura and behind the 
long piocess of the incus and below the oveihang of the bony 
facial canal, thus one would expect the angle of insertion 
of the ciuia to be moie mfenor This is due to the fact 
that the vestibulai window is at an angle of inclination even 
gieatei than the angle of the ciuia, theiefoie, the ciuia aie 
attached to the footplate usually at an angle of less than 90 
degiees fiom the supenoi edge of the footplate to the ciuia 

The tiough maigms of the obtuiatoi surface of the ciuia 
extend m varying degiees out on the maigmal edges of the 
footplate These lips may lun completely aiound the footplate 
to pioduce a nm oi tiay edge as m the infantile stapes, oi the 
tiough maigms may be haidly peieeptible on the ciuia and 
absent on the footplate In my expenence, it is unusual to 
see this ciuial tiough edge extending onto the maigm of the 
footplate Raiely a small bony ndge is seen on the tympanic 
surface of the footplate extending between the ciuia This 
is called the cnsta stapedius and is very inconstant It is 
lepoited that at times the ndge may be leplaced by a ciest 23 

THE FOOTPLATE OF THE STAPES 

The footplate is usually lounded in an aich on its supenoi 
edge, cuived with a slight point anteiioily, almost stiaight 
on its mfenoi edge, and gently cuived on the postenoi edge 
The footplate may fiequentlv be extiemely narrow and long, 
being wedged into a nanow niche between the facial lidge 
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in bony absoiption In Maimozets, the ciuia of the stapes 
aie often found fused foi a shoit distance below the head u 
In Monti emata, which is a tiue mammal of a low skeletal form, 
the stapes is noimally absolutely columellifoim (unicuiate 
stapes) 44 

Figuie 15 lepiesents a stapes with only one cius This is 
the postenoi cius with the tympanic side of the base being 
visible in the photogiaph The mcudostapedial joint has been 
disaiticulated m this eai, and the head of the stapes lotated 
postenoily so that the basilai obtuiatoi suiface of the pos- 
tenoi cius could be seen as it joins the footplate aiea The 
cius was fanly well developed, but theie was no footplate 
Theie is a total absence of the antenoi cius, thus making 
this a completely unicuiate stapes This finding was m a 
patient with unilateial deafness 

Complete bony union of the ciuia may be seen, due to 
massive otoscleiotic mounds filling the obtuiatoi space (see 
Fig 19) In the case of a deep niche, the pathologic bone 
foimation may fill in the niche foi the stapes and obscuie 
the landmaiks below the stapes neck and uppei aich This 
amount of pi ohfeiation is laie In ceitam anomalies, the 
ciuia mav be extiemely small and fiagile (see Fig 14) , m 
otliei conditions the stapes may be extremely short and bulky 
(see Fig 4) In the shoit bulky stapes the obtuiatoi fora¬ 
men may be veiv small and the stapes may be almost like a 
lounded blob of bone (see Fig 4) This type of stapes, 
obviously, has not developed even to the stage usually seen 
m latei uteime life In late uteime life the stapes is even 
laigei than the adult foim and must undeigo l eduction m 
size bv bone absoiption, wheieas m this patient the stapes 
is even smallei than usual, but it has much thickness and, 
therefoie, lepiesents a veiy eaily embiyologic stage 

The ciuia mav join the footplate at a vanetv of diffeient 
angles Then junction with the footplate may be at light 
angles oi the cruia mav be tilted mfenoily oi supenoily to 
the plane of the footplate Usually, the footplate of the stapes 
is in the vestibulai w mdov, at an angle slighth off the sagittal 
plane of the bod\ This ma\ wiry to an almost honzontal 
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casionaUy, the otosclerotic bone is seen m mounds occupying 
isolated aieas, or to a massive degiee as mountains filling 
m the entire niche and covering laige portions of the ciuia 
(see Fig 19) 


THE LONG PROCESS OF THE INCUS 

Only the long piocess of the mcus is visible dui mg the 
oidinarv opeiation foi mobilization of the stapes It pio- 
jects fiom under the supenoi canal 11 m, usually as a long, 
slendei, slightly com ex piocess which bows slightly antenorlv 
and giaduallv becomes more medial towaid its tip The end 
of the tip has a structuie designed foi articulation -with the 
head of the stapes This structure is a small mass of bone 
which extends medially fiom the mam shaft and beais a flat 
elliptical disc with a joint surface of cartilage A variety of 
names have been gi\en to this portion of the long piocess of 
the mcus, such as the lenticulai piocess, the os orbicuhu e 
01 the Sylvian apophvsis 44 Some authorities haie consideied 
this a separate bone, but others ha\e held that it is only an 
epiphvsis of the mcus 44 

The lenticulai process mav assume a variety of shapes 
which aie important m piesent-dav suigical pioceduies in 
the ear A stiuctuie much like the head of the stapes mav 
pioject medialh from the long axis of the piocess It ma\ 
rest upon a small but distinct neck and mav deviate antenorlv 
or postenoilv, supenoilv oi mfenoilv, m order to articulate 
with the stapes The joint surface mav be m anv of the 
planes descubed undei the head of the stapes vanations, 
and are important because of the reasons listed theie Bonv 
stiength of this head and neck aie important, due to the 
possibility of fiactuies dm mg vanous opeiative maneuvers 

Often the long piocess of the mcus does not have an 
articulating head and neck, and there is found onlv a flat 
articulating suiface on the medial side of the long piocess of 
the mcus 

The lateial side of the long piocess of the mcus mav have 
a \anetv of bonv projections A spme-like stiuctuie mav be 
seen on the lateral surface at the verv end of the piocess (see 
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and the piomontory It may fiequently be geneiously wide 
with much of its aiea being supenoi to the ciuial mseition 
(see Fig 10) Raiely the mfenoi maigm is seen in its 
completeness (see Fig 31) Theie may be a slight extension 
of the footplate, eithei antenoi to the antenoi cius oi pos- 
tenoi to the postenoi cius In one patient, I obseived a 
maiked extension postenoi to the postenoi cius of about 
1 mm This shelf was pi oven to be piesent on mobilization 
by visualizing its fiee maigm 

The aveiage length of the base of the stapes is 2 99 mm 
with vanations of from 2 64 mm to 3 36 mm The aveiage 
width is 1 4 mm with vanations of fiom 1 08 mm to 1 66 
mm 24 

The annulai ligament connects the cncumfeience of the 
stapes to the nm of the oval window, and is very fiequently 
the site of otoscleiotic bony invasion, especially m its antenor 
aiea 16S > 31 Due to the embryologic development of the annulai 
ligament, which is derived fiom the same tissue that latei 
becomes the bony labynnth on one side and the footplate of 
the stapes on the othei, 24 it is leasonable to assume that free 
caitilage oi actual cartilaginous nests may devleop and le- 
main within its substance 83 28 These nests might become 
osteogenic and pioduce bony deposits capable of causing foot¬ 
plate ankylosis Thm budges of cartilage m the annulai 
ligament piesumably could become ossified m the middle 
decades of life much as cartilage m othei regions of the body 
undeigoes such change 

The thickness of the footplate is the most vanable of the 
aieas consideied An extiemely thm, almost tianspaient, 
footplate is fiequently seen On the othei hand, a thick, 
stiong, opaque footplate is common 131 These exti ernes seem 
to be noimal vanations Otoscleiotic mfiltiation may involve 
a small nm aiea, oi may when advanced, change a portion of 
the footplate into heavy otoscleiotic bone and leave the le- 
mamdei quite thm and noimal The antenoi aieas are the 
most commonlv infiltrated Smooth mfiltiation of the entne 
stapes and annulai ligament so as to obliterate all fenestral 
and footplate identification mav be seen (see Fig 22) Oc- 
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iaie, but because this aiea has not come undei observation 
m the past as often as the epitvmpanum I have encounteied 
one such fiozen joint between the incus and stapes m this 
senes 

A leview of the liteiatuie on the histopathology of ossiculai 
aiticulation and particulai discussion of the findings of foi- 
eign authois has been done- 16 It was found that theie weie 
foui distinct layers, almost constantly found in all ossiculai 
articulations Thev aie fiom the bone outw T aid 1 The 
bony layer, 2 The lay ei of calcified cartilage blending wnth 
bone, 3 A lavei of hyaline cartilage, and U The terminal 
oi meniscoid articulating surface A very intei estmg finding 
has been the lack of disease m the joints, even m a laige 
numbei of patients who had middle eai suppurative disease 
It has been consideied, however, that actual ankylosis of the 
mcudomalleolai joint is usually the lesult of inflammation 

NERVES 

Only the facial ner\ e and its choida tympani blanch needs 
to be consideied m this thesis Marked valuations of the 
position of the facial nerve m its honzontal couise acioss the 
middle eai aie extremely 1 aie 5,3 Mmoi variations aie com¬ 
mon, and aie of gieat importance m the legion of tlie oval 
window where piesent-dai msti umentation is common 
There usually is a definite bulge of the bonv facial canal just 
lateial to and above the footplate of the stapes This bulge 
is usually not sufficient to hide the supenoi maigin of the 
footplate Maiked mferioi and lateial bulging occasionally 
hides a part of the footplate and ciowds the crura against 
the piomontory below Obvioush, this will hinder instru¬ 
mentation, and may predispose to nerve injury if foiceful 
entry to the footplate aiea is made The facial nerve m its 
bonv coveung may present onlv a \ery small bulge m the 
labyrinthine capsule wall, which will lepresent a nerve of 
small diametei, oi one that is deeply placed m the bone (see 
Fig 18) The opposite extreme is the huge nerve and bonv 
canal that can be seen in Fig 16 This is an unusually large 
fallopian ridge 
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Fig 24) This usually points slightly antenoily, and gives 
the appeal ance of the bow of a ship Frequently, the opposite 
of this may be seen, m which the piocess lapidly tapeis off 
at the end as it meets the stapes, giving a lounded-off ap¬ 
peal ance (see Fig 23) The application of vanous instill¬ 
ments foi tiansmcus piessuie on the stapes will depend on 
the duection, topogiaphy and stiength of this aiea Shppmg- 
off oi fiactuung can lesult fiom lack of consideiation of 
these vanations 

Eiosion or neciosis of the lenticulai piocess by disease 
will be discussed undei etiology and with the piesentation of 
the case in Fig 21 I have seen complete eiosion of the 
lenticulai piocess of the incus thiee times m this senes in 
the piesence of a noimal eaidium and canal I am suie that 
it will be seen much moie often m the futuie than m the past 
This neciosis, if complete, pioduces a gap m the ossiculai 
chain and results m an an conduction heanng loss of about 
60 db 

A total sepaiation of the mcudostapedial joint without 
necrosis is leported m this senes Discussion and descrip¬ 
tions aie tieated elsewheie This is the second patient le¬ 
ported m tire liteiatuie available to me 

In this senes, vanation m direction of the long piocess of 
the incus as it piojects downward is at least 45 degiees 

Bony fusion of the lenticulai piocess of the incus with the 
head of the stapes and the handle of the malleus is a laie 
anomaly, and is piesented m this senes (see Fig 8) As fai 
as I am able to ascertain, this is the fust case of such ab¬ 
normality lepoited in the liteiatuie This was a huge bony 
mass which involved all thiee ossicles Such an anomaly 
lequaes a tuple arthiolysis befoie a mobile sound-tians- 
mittmg appaiatus can be obtained 

A much simpler fusion at the mcudostapedial joint may 
occui unassociated with an\ othei abnormality Numeious 
lepoits ha\e been made of simple joint fusion of the meudo- 
malleolai joint, but I have found no leports of mcudostapedial 
joint fusion The reason, I believe, is not because it is moie 
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the anomalies 1 eported har e been of the descending portion 
of the facial ner\ e and not the hoiizontal portions 

VESSELS 

Vasculai anomalies of the middle eai aie extremely raie 
but must be constantly kept m mmd Among the anomalies, 
the so-called persistent stapedial artery is one of the most 
commonly known 03 30 This artery is a persistence of a pnmi- 
tiye ressel which is a branch of the internal caiotid artery 
It perforates the flooi of the tympanic canty and pi ogresses 
o\er the piomontory, passes between the cima of the stapes 
and enters the facial canal It latei enteis the ciamal cayity 
and di\ ides into branches to the dura ps1S<: I har e not en- 
counteied a peisistent stapedial arterr m this series Al¬ 
though it has been commonly 1 eported that this could be 
the cause of some types of tinnitus, I could find no docu¬ 
mented leports of human cases m the literature, howerer, 
there har e been many references to this anomaly m animals 15S 

Another common anomalous artery which should be men¬ 
tioned, originates fiom the superficial petrosal branch of the 
middle meningeal artery This ressel may accompany the 
facial nerve and may be found m the mucous membrane 
along the postenoi wall of the niche of the oral window, 
passing thiough the cruia and branching mto a plexus on 
the promontory I har e not obsei r ed this anomaly 

Branches of the r estrbular artery may be m close pi oxmuty 
to the labyrinthine surface of the footplate of the stapes 
This artery is a branch of the internal auditory artery 
Pi of use bleeding from the restibule may occur by accidental 
teaimg of this ressel during mobilization of the footplate 
If the ressel weie so closely bound down to the footplate as 
to cause tearing of it during manipulation it would be con¬ 
sidered to be in a rerv lare anatomical position The cause 
of profuse bleeding m the example to follow is not known, 
but it is assumed to be due to the abore anatomical ranation 
Dui mg the mobilization of a stapes footplate in one patient 
of this series, the following sequence of erents occuned In¬ 
strumentation was pioceedmg yia the head of the stapes 
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A bony dehiscence m the facial canal wall is of great im¬ 
portance These aie not uncommon m my expenence, and 
invite injury to the facial neive by eithei mechanical mjuiy 
or inflammatory involvement 93 Usually the dehiscences aie 
located just above the oval window 93 and aie coveied with 
a layei of connective tissue and mucous membiane 141 They 
aie usually oval m shape and the soft tissue may bulge out 
of the opening slightly 50 “This is explained by the fact that 
the facial neive oiigmally lies m a sulcus of the Iabynnthme 
capsule, which is closed to foim a canal by the formation of a 
bony covei oi a connective tissue base m late embryonic life 
and the fust yeai of the post-embryonic life” 50 Defects of 
ossification may occui, especially m connection with a hypei- 
plastic condition of the mucous membiane of the middle eai 

The choida tympam may be very laige or extremely small 
m diametei It usually enteis the bony external ear canal 
(Itei choidae posticus) on its edge just lateial to the sta¬ 
pedius tendon Occasionally, the neive enteis its bony canal 
1 or 2 mm external oi lateial to the external canal edge 
This was observed m thiee eais of this senes There may 
be a slight vanation in the location of bony entiance on the 
11 m of the canal wall Using the light eai as an example 
and considenng the top of the head to be the 12 o’clock posi¬ 
tion, the choida tympam may entei its bony canal between 
9 o’clock and 10 o’clock It is usually at a position just su- 
penoi to the end of the fibious annulus of the tympanic 
membiane As the neive continues supenoily along the 
canal 11 m it seems to function also for a shoit distance as an 
extension of the fibious annulus of the tympanic membiane 
A vaiymg amount of bone covei mg is found ovei the neive 
along the 11 m 

No extensive hypoplasia oi absence of the facial neive or 
the choida tympam was obseived m this senes, and I have 
found no lepoits of malfoimation involving the neives alone 
m the hteiatuie a\ailable to me A maiked hypeiplasia of 
the facial neive, oi its bonv covei mg oi both, is lepoited 
heie in Fig 14 Malfoimations of the facial nerve may be 
found in conjunction with othei seveie anomalies- 0 '' Usuallv 
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when suddenly a pi of use hemonhage oecuned fiom the 
vestibulai window This occuned as the footplate was seen 
to become slightly mobile This hemonhage was definitely 
a pulsating type of bleeding, and was so rapid that withm a 
mattei of seconds the entue middle eai, the eai canal, and 
the eai speculum weie filled with blood, it was so lapid 
that the suction could not handle its volume This bleeding 
giadually subsided ovei a penod of foui to five minutes and 
eventually stopped entuely, nevei to lecui Although mobili¬ 
zation attempts weie discontinued, and consequently theie 
was little postopeiative healing impiovement, the piofuse 
hemonhage appaiently did not damage the labynnth, since 
heai mg detenoiation has not followed 

Two othei vasculai vanations should be mentioned al¬ 
though neithei was seen m this senes It has been leported 
that, laiely, theie is an absence 01 a dehiscence of the flooi 
of the middle eai allowing the jugulai bulb to herniate up- 
waid into the middle eai, also, vasculai tumois, such as 
glomus jugulaie, may anse in this aiea and should be le- 
membeied m diagnostic diffeientiation 

THE ROUND WINDOW 

Vanations in the size, location and shape of the lound 
window aie mteiestmg and sometimes clinically significant 
Otoscleiosis can cause complete occlusion of the lound win¬ 
dow 5914 - It has been found that otoseleiotic occlusion of the 
lound window causes heaung loss compaiable to fixation of 
the stapes 101 

In this senes I have encounteied no cases of complete 
closuie of the lound window but have seen seveial cases of 
extiemely small windows Identification of otoseleiotic foci 
at the penpheiy of the lound window has not been possible 
undei 16-powei magnification, and these small windows ob¬ 
served aie considered to be developmental The size of the 
window seemed to have little to do with the clinical lestoia- 
tion of healing m this senes, howevex, it must be pointed 
out that no total closui es w ei e obsei ved Vei v lai ge w mdow s 
weie occasional!! seen, and a \aiiebv of membianes weie 



Figure 2 

Photograph of a left tympanic cavity presented for the purpose of 
demonstrating variations of the stapedius muscle and its tendon 

This .stapedius tendon is seen m beautiful contrast Occasionally one 
sees the entire stapedius tendon and the pyramidal eminence without 
disturbing the chorda tympani nerve or the bony external canal This 
tendon is of average length and is inserte d direc tly mto the head of the 
stap es This tendon is parallel with the posterior crus, in its usual position 
Observe the excessive vascularity of the mucous membrane 


Figure 3 

Photograph of a nght tympanic cavity' displayed for the purpose of 
showing a variation in the tendon of the stapedius muscle 

The stapes is unusually large, as is the long process of the incus, yet 
the stapedius tendon is relatively small The tendon is inserted directly into 
the posterior crus of the stapes Although this variation is not uncommon, 
it is the most unusual point of insertion The neck and th e head are the 
most frequents sites for stapedial tendon insertion 

Usually, the tendon of the stapedius muscle is parallel to the posterior 
crus of the stapes, but in this ear it is deflected at almost a 45 degree angle 
infenorly Even more uncommon than this position is that of a deviation 
of the tendon in a superior direction 
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Figure 2 

Photograph of a left tympanic canty presented for the purpose of 
demonstrating variations of the stapedius muscle and its tendon 

This stapedius tendon is seen m beautiful contrast. Occasional]) one 
sees the entire stapedius tendon and the pyramidal eminence without 
disturbing the chorda tvmparu nerve or the bony external canal This 
tendon is of a\erage length and is inserte d direc tly into the head of the 
stap es This tendon is parallel with the posterior crus, in its usual position 
Observe the excessive vascularity of the mucous membrane 


Figure 3 

Photograph of a right tympanic cavity displayed for the purpose of 
showing a variation in the tendon of the stapedius muscle 

The stapes is unusually large, as is the long process of the incus, yet 
the stapedius tendon is relativ ely small The tendon is inserted direcdy into 
the posterior crus of the stapes Although this variation is not uncommon, 
it is the most unusual point of insertion The neck an d the head are the 
most frequent sites for stapedial tendon insertion 

Usually, the tendon of the stapedius muscle is parallel to the posterior 
crus of the stapes, but m this ear it is deflected at almost a 45 degree angle 
infenorly Even more uncommon than this position is that of a deviation 
of the tendon m a superior direction 
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Figure 4 

Photograph of a left tympanic cavit\ displa\ed for the purpose of 
showing bom and muscular variations 

The long process of the incus describes an S-curve and articulates 
squareh with the head of the stapes 

This stapes is extremel) small. vet the crura are very thick An 
obturator foramen if present, is so small that a right angle pick could not 
palpate it, it could not be seen This stapes seems to be a rounded mass of 
bone in a \en immature state Late m fetal life, the immature stapes is 
much larger than the mature stapes This apparent paradox is probabh 
explained b\ the cessation of developrfient m this patient somewhere between 
the 10th week (40 mm stage) and the 20th week (125 mm stage) of 
embr\ omc hfe 

The footplate was present in this case but was likewise small and 
thick Fixation was apparenth due to bom fusion to the margins of the 
oval window This was disrupted by mobilization maneuvers at the head 
of the stapes 

\\ ithout the necessity of removing bone from the external canal wall, 
the pvramidal eminence is w ell seen, as is the bom ndge of the facial canal 
The pyramidal eminence is a continuation of the facial ndge in this ear 
This position and amount of projection is considered verv unusual 

Total absence of the stapedius muscle will be seen in Figure 5 This 
ear, however has an extremelv short thick tendon It was so short that 
I first believed the stapes to be jomed directlv to the pyramidal eminence 
with bonv union It was only after mobilization that I could see tendon 
motion 

Figure 5 

Photograph of a left middle ear displaved for the purpose of demon¬ 
strating muscular and bonv malformations 

This ear is an example of total absence of the stapedius muscle tendon, 
and its pyramidal eminence This is a deformitv without evidence of other 
known head or neck malformations It was accompanied bv fixation of 
the footplate of the stapes The problems encountered during the operation 
were no different from those seen m anv other ear with ankvlosis of the 
footplate margin 

Much has been w ntten concerning the function of the stapedius muscle. 
Five ears with congenital absence of this muscle are reported m this senes 
In four of these patients serviceable heanng was obtained bv operative 
restoration of mobihtv of the ossicular chain In none of the four cases 
were there symptoms which one might expect from either the loss of the 
so-called “protective mechanism” or the lack of the so-called “tuning-up 
abihtv,” which has been ascnbed to the stapedius muscle bv some author- 
ities This does not refute the theones of function of the stapedius muscle, 
but it establishes the fact that this mu'cle is not absolutelv necessarv for 
serviceable heanng Please see the pre- and post-operativ e audiogram of 
this patient following the discussion of Figure 28 











Figure 4 

Photograph of a left tympanic cavity displayed for the purpose of 
showing bony and muscular variations 

The long process of the incus describes an S-curve and articulates 
squarely xxith the head of the stapes 

This stapes is extremely small, yet the crura are very thick An 
obturator foramen, if present, is so small that a right angle pick could not 
palpate it, it could not be seen This stapes seems to be a rounded mass of 
bone in a \ery immature state Late in fetal life, the immature stapes is 
much larger than the mature stapes This apparent paradox is probably 
explained by the cessation of developrtient in this patient someu here between 
the 10th ueek (40 mm stage) and the 20th xxeek (125 mm stage) of 
embiy omc life 

The footplate xxas present in this case, but was likemse small and 
thick Fixation was apparently due to bony fusion to the margins of the 
o\al window' This was disrupted by mobilization maneuxers at the head 
of the stapes 

"Without the necessity of removing bone from the external canal wall, 
the pyramidal eminence is well seen, as is the bony ndge of the facial canal 
The pyramidal eminence is a continuation of the facial ndge in this ear 
This position and amount of projection is considered veiy unusual 

Total absence of the stapedius muscle will be seen in Figure 5 This 
ear, hoxxexer, has an extremely short, thick tendon It was so short that 
I first belies ed the stapes to be joined directly to the pyramidal eminence 
with bony union It was only after mobilization that I could see tendon 
motion 

Figure 5 

Photograph of a left middle ear displajed for the purpose of demon¬ 
strating muscular and bon) malformations 

This ear is an example of total absence of the Stapedius muscle, tendon, 
and its pyramidal eminence This is a deformity without evidence of other 
known head or neck malformations It was accompanied by fixation of 
the footplate of the stapes The problems encountered dunng the operation 
were no different from those seen in any other ear with ank)losis of the 
footplate margin 

Much has been w ntten concerning the function of the stapedius muscle 
Fixe ears xxith congenital absence of this muscle are reported in tins senes 
In four of these patients, serviceable heanng x\as obtained b) operatixe 
restoration of mobility' of the ossicular chain In none of the four cases 
xx ere there sxmptoms xxhich one might expect from either the loss of the 
so-called “protectixe mechanism” or the lack of the so-called “tuning-up 
ability,” xxhich has been ascnbed to the stapedius muscle by some author¬ 
ities This does not refute the theones of function of the stapedius muscle, 
but it establishes the fact that this muscle is not absolutel) necessar) for 
serviceable hearing Please see the pre- and post-operatix e audiogram of 
this paUent folloxxmg the discussion of Figure 28 
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Figure 6 

Photograph of a left middle ear displayed for the purpose of showing 
bony and muscular malformations 

In this ear there was a bony union of the promontory to the inferior 
surfaces of the crura of the stapes There was a tremendous amount of 
longitudinal overgrowth of the long process of the mcus 

At operation, the crura of the stapes were gradually separated from 
the promontory and the stapes was made mobile For fear of possible 
re-attachment to the promontory, a repositioning of the incudostapedial 
joint was attempted The joint was purposely severed and the long process 
of the mcus was shortened The head of the stapes was hfted superiorly 
so that its crura would not be against the promontory The head of the 
stapes was again made to rest on the inferior surface of the long process 
of the incus This questionable procedure proved to be worthwhile as shown 
by the ultimate functional result obtained Please see the pre- and post¬ 
operative audiograms reproduced following the discussion of Figure 30 
The absence of the stapedius muscle, tendon, and its pyramidal 
eminence is again seen m this ear 


Figure 7 

Photograph of a right middle ear displayed for the purpose of showing 
bony malformations This ear also has a muscular abnormality and a varia¬ 
tion in the position of the round window is seen 

The rare malformation of triple bony union of the malleus, mcus, and 
stapes is more clearly seen m Figure 8 and will be discussed there 

The posterior crus of this stapes is clearly seen and is without its 
normal arch It is straight, but bends in a superior direction as it joins the 
footplate The posterior crus is not only without its normal arch but also is 
longer than the anterior crus 

There is a total absence of the stapedius muscle, tendon, and pyramidal 
eminence in this ear This is one of five cases in this senes with this abnor¬ 
mality To my knowledge, this abnormality has not been reported in ears 
without severe accompanying deformities The embryologic considerations 
will be given in the discussion of Figure 8 

The footplate of the stapes is clearly seen just under the postenor crus 
The antenor crus of the stapes is hidden by the long process of the mcus 
Round window variations will be demonstrated in figures to follow, 
but an unusual vanation in the position of the round window is here seen 
In this ear, the round window is almost completely hidden by the ov erhang 
of the bony external canal wall and is placed far posteriorly Without 
searching, one might be misled into believing that there is a total absence 
of the round window in this patient 
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Figure 8 

Photograph of the same ear as seen m Figure 7 presented for the 
purpose of demonstrating more clearh the bom malformations 

This ear, as previoush stated represents a rare triple bon} union of 
the lenticular process of the incus ivith the handle of the malleus and the 
head of the stapes This deformity to m\ knowledge, has not been reported 
m the past The long process of the incus is deformed presenting a trnsted 
S-shape The handle of the malleus is clearh seen attached to the reflected 
tympanic membrane and is fused with the other two ossicles b\ a thick 
bom mass 

The problem of micro-orthopedics is obvious Ossicular separation was 
accomplished and serviceable hearing was restored The discussion of pro¬ 
posed embnologic significance of this deformiti may be seen direct]) fol¬ 
lowing the presentation of photographs 


Figure 9 

Photograph of a left tvmpamc caviti displayed for the purpose of 
showing a rare skeletal anomah imolvmg complete disarticulation of the 
incus from the stapes 

This patient suffered a serere blow upon his head during his \outh 
and reported that partial loss of hearing in this ear began at that time 
No other symptoms are present and the opposite ear is functional!! normal 
Ossicular disarticulations due to nonfatal blows on the head hate not 
been reported m the literature available to me One would therefore hold 
some reservation in stating that trauma is defimteh the etiologic factor 
but due to the histon it seems to be the most likeh cause 

Consideration must be gi\en to the possibility of tins being a congenital 
abnormality An embnologic explanation is difficult due to the absence of 
abnormalities in other structures closeh related in de\elopment The incus 
is demed from the first visceral arch whereas the stapes is demed from 
the second visceral arch Dunng the 8th week (23 mm stage) the lenticular 
process of the incus and the head of the stapes unite and a true articulating 
joint detelops A \anation in growth and development possibly could pro¬ 
duce a non-union of these bones as seen abo\e 
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Figure 10 

Photograph of a left middle ear (the same ear as reproduced m Figure 
9) This brings the footplate of the stapes mto better focus and demonstrates 
agam the incudostapedial joint separation 

This patient had a unilateral purely conductive hearing loss of 67 
decibels for pure tone and 62 decibels for speech No other abnormalities 
of the middle ear could be found The round window was present and the 
membrane visible The malleus and incus were freely moveable The entire 
stapes was easily seen The footplate mo\ed normally m the oval window 
There was no evidence of abnormalities of the external or internal ear which 
would account for the profound loss of hearing One may assume, with tins 
evidence, that all of the hearing loss was due to disruption of the ossicular 
chain Many observers have suggested that sound reaches the cochlea by 
molecular transmission through the round window in the theory of “hearing 
in rev erse ” Other mv estigators hav e suggested that the cochlea receiv es 
sound by a universal transmission of energy by all of the surrounding tissues 
and air without any point of emphasis These theories den) the pre-eminence 
of transmission via the tympanic membrane and ossicular chain through the 
oval window to the cochlea Some observers ascribe only protective function 
to the tympanic membrane and ossicular chain It is not the purpose of this 
thesis to discuss theories of sound transmission, but the disarticulation pre¬ 
sented in this patient caused consideration as to its functional significance 

This cochlea had the opportunity to receiv e sound transmitted through 
either the round window or the oval window' There was no mechanical 
barrier at either window Both avenues of entry were perfectly normal, yet 
there was a loss of 67 decibels for pure tone This tvpe of hearing loss has 
been produced experimentally m animals by disruption of the ossicular 
chain continuity' and testing cochlear potentials by the Wev er-Bray phenom¬ 
enon This patient, however, represents a human example of the sound 
transmitting ability of the ossicular chain Figure 11 will demonstrate a 
return of that function in the same patient by restoration of the ossicular 
chain 


Figure 11 

Photograph of the same left tympanic cavity as seen in Figures 9 and 
10, displayed for the purpose of demonstrating operative correction of the 
incudostapedial joint separation previously seen 

The articulating surfaces of the head of the stapes and the lenticular 
process of the incus were roughened by the use of small picks A small 
shaving of bone was removed from the edge of the bony external canal wall 
and teased into position between the articulating surfaces of the two ossicles 
The hearing was instantly restored to normal and there was no regression in 
six months Please see audiogram of this patient directly following the 
presentation of photographs 
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Figure 14 

Photograph of a nght tvmpamc cavitv seen in Figure 13 after removal 
of mesenchvmal tissue strands 

The t\so crura of the stapes can be seen wrapped around the facial 
canal like the claws of a bird on a limb The crura are bom but are ex- 
tremeh fragile The are rounded off as the\ meet a \ erv indefinite footplate 
The oral window area is apparenth recessed high up beneath the bom 
ridge of the facial nen e There is a total absence of an oral window A total 
absence of the oral window has been considered extremely rare In literature 
available to me there were no human cases reported of this abnormalitv 
during the past 100 \ears An attempt was made in this ear to find the oval 
window with the use of sharp probes but onl\ solid bone was encountered 

The stapedius tendon and pvTamidal emin ence are easih seen, but 
are v erv small 

A large bom spicule is seen projecting from the annulus to the pro- 
montorv 

This malformation would have been overlooked and misdiagnosed 
without trans-aural tvmpanotomv This patient’s deafness has been con- 
lsdered to be due to a vanetv of conditions such as hvpertrophv of the 
tonsils and adenoids Eustachian tube obstruction on the basis of allergv 
adhesiv e otitis media and congenital perceptiv e deafness This patient had 
undergone tonsillectomv and adenoidectomv radium application to the 
nasopharynx Eustachian tube insufflation and allergic management for the 
relief of deafness The microscopic examination of this middle ear presented 
a correct diagnosis and initiated the planning of a rational surgical pro¬ 
cedure for restoration of hearing 


Figure 15 

Photograph of a nght tvmpamc cavitv displayed for the purpose of 
demonstrating marked congenital malformations of the ossicles 

This is an ear of a 7 year old girl with a purely conductive deafness 
present presumablv since birth. 

The incus appears fairlv normal but its bodv apparent!) placed more 
antenorlv than usual 

The head of the stapes has been purposelv disarticulated and rotated 
postenorh so that the posterior crus and the footplate area are m view 
There is a total absence of the anterior crus of the staples m this ear 
In animals, malformed umcurate, or columelhform, stapedes have been 
reported, but this is the first umcurate human stapes reported as far as I 
can determine, without accompanying external or inner ear deformities 
The footplate of the staples is not present, but in its place is solid otic 
capsular bone There is no oval wmdow due to the lack of differentiation 
of the lamina stapedialis described m the embrvologic discussion of Figures 
13 14 15, and 16 The end of the piostenor crus is clearlv seen _n the 
photograph Audiometnc findings of this patient mav be seen dxrecdv fol¬ 
lowing the presentation of photographs 
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Figure 14 

Photograph of a nght tympanic cavit\ seen in Figure 13 after removal 
of mesenchymal tissue strands 

The two crura of the stapes can be seen wrapped around the facial 
canal like the claws of a bird on a limb The crura are bon), but are ex- 
tremeh fragile The are rounded off as the) meet a y er\ indefinite footplate 
The o\al window area is apparently recessed high up beneath the bom 
ndge of the facial nen e There is a total absence of an oval window A total 
absence of the oval window has been considered extremely rare In literature 
ayailable to me there were no human cases reported of this abnormality 
during the past 100 sears An attempt was made in this ear to find the oval 
window with the use of sharp probes, but onls solid bone was encountered 

The stapedius tendon and pyramidal eminence are easils seen, but 
are \ ery small 

A large bom spicule is seen projecting from the annulus to the pro¬ 
montory 

This malformation would ha\e been oserlooked and misdiagnosed 
without trans-aural tympanotom) This patient’s deafness has been con- 
lsdered to be due to a \anet\ of conditions, such as hypertrophy of the 
tonsils and adenoids, Eustachian tube obstruction on the basis of allerg), 
adhesise otitis media, and congenital perceptne deafness This patient had 
undergone tonsillectomy and adenoidectomy, radium application to the 
nasopharynx Eustachian tube insufflation, and allergic management for the 
relief of deafness The microscopic examination of this middle ear presented 
a correct diagnosis and initiated the planning of a rational surgical pro¬ 
cedure for restoration of hearing 


Figure 15 

Photograph of a nght tympanic caynty displa)ed for the purpose of 
demonstrating marked congenital malformations of the ossicles 

This is an ear of a 7 )ear old girl yvith a purel) conductiye deafness, 
present presumably since birth 

The incus appears fairl) normal, but its body apparentl) placed more 
antenorly than usual 

The head of the stapes has been purpose!) disarticulated and rotated 
postenorl) so that the postenor crus and the footplate area are m yaeyy 
There is a total absence of the antenor crus of the stapes m this ear 
In animals, malformed umcurate, or columelliform, stapedes haye been 
reported, but this is the first umcurate human stapes reported as far as I 
can determine, yvithout accompanying external or inner ear deformities 
The footplate of the stapes is not present, but in its place is solid otic 
capsular bone There is no oval yvmdoyy due to the lack of differentiation 
of the lamina stapechalis described m the embryologic discussion of Figures 
13, 14, 15, and 16 The end of the postenor crus is clearl) seen _n the 
photograph Audiometnc findings of this patient may be seen directly fol- 
loyvmg the presentation of photographs 
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Figure 16 

Photograph of a left tympanic cavity displaced to show marked bon) 
malformation and absence of the stapedius muscle and tendon 

This is another ear representing a congenital conductne deafness 
without accompanying external or internal ear malformations 

There is a total absence of the stapedius muscle, tendon, and pyramidal 
eminence 

The long process of the incus articulates with the poorl) de\ eloped 
head of the stapes The anterior and posterior crura of the stapes are easil) 
seen disappearing into a \ery narrow niche between the bulge of the bon) 
facial canal and the promonton The crura are \erv small and end as free 
stumps m the area of the o\-al window 

This is the third ear with complete congenital absence of the o\al 
window reported in this senes There is no evidence in this ear of differen¬ 
tiation of the lamina stapediahs and the surrounding capsular area into a 
footplate for the stapes or an o\al window 

The report of these cases lends evidence to the theory that the stapes 
footplate is dem ed from both the second \ isceral arch and the otic capsule 
The bon) canal for the facial ner\e is extremel) large in this ear and 
one can see strands of mesenchymal tissue superficial to it 

Trans-aural tympanotomy was necessary for a correct diagnosis in this 
patient A bypass of the oval window area by the creation of another 
labyrinthine fenestra will be necessary in order to impro\e this patient’s 
hearing 


Figure 17 

Photograph of a right middle ear display ed for the purpose of showing 
a bridge of bone 

A projection of a bony process from the promontory to the area of 
the facial nerve, or pyramidal eminence, is \ ery common This ear demon¬ 
strates, perhaps, a larger than usual example of this bony variation This 
process is frequently so near the posterior crus of the stapes that bony union 
is considered to be present It has been my experience that usually, as was 
true in this case, there will be no union, although sometimes this process 
makes a true bridge across this area 
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Figure 18 

Photograph of a left middle ear displaced for the purpose of showing 
bridges of bone producing fixation of the stapes Also seen is a narrow and 
deep niche for the stapes, and a stapedial head with an unusual shape 

A \ery high promontory, which bulges supenorl), has produced a very 
narrow deep niche for the stapes A small bon) process extends from the 
promontory to the posterior crus of the stapes Another bridge of bone 
extends from the posterior crus to the bulge of the bon) facial canal Lysis 
of these bridges can be accomphshed if good exposure can be obtained 


Figure 19 

Photograph of a left middle ear displa)ed for the purpose of showing 
a large amount of otosclerotic o\ crgrowth It also demonstrates an extremeh 
short stapedius tendon, an exceptional view of the pyramidal eminence, and 
an unusual new of the ndge of the facial nerve canal 

In this ear, otosclerotic bone has completely filled the niche for the 
stapes Masses of it ha\e covered most of the crura so that onl) the head 
of the stapes seems to remain uncovered The footplate and crural land¬ 
marks hav e been lost 
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Figure 20 

Photograph of a nght tympanic cavity showing a usual view of the 
long process of the incus, head of the stapes, and footplate following the 
ele\ ation of the chorda tvmpani nen e from its bed This is shown for com- 
paratn e purposes 

The incus is articulating with the head of the stapes m the most usual 
slightly anterior position The lenticular process is well formed and appears 
normal The long process of the incus is slightly curved medially and pos¬ 
teriori) and has no rough ridges on its lateral surface The articulating 
surfaces are in a plane fairly square with the head of the stapes and foot¬ 
plate, permitting pressure, if necessary, through the incus on the stapes for 
mobilization purposes 

The amount of bony o\ erhang of the canal seen m this ear is normal 

The footplate of the stapes is partially obscured by the thin cob-web 
strands of mesenchvmal tissue This is a common finding 

The tendon of the stapedius muscle inserts normally into the head 
of the stapes 


Figure 21 

Photograph of a nght tympanic cavity displayed for the purpose of 
showing a sanation in the long process of the incus 

This ear demonstrates an absence of the lenticular process of the incus, 
perhaps from necrosis There is a noticeable lack of scar tissue in the middle 
ear The tympanic membrane is normal m this ear and there was no past 
history' of middle ear disease gn en by the patient Nevertheless, one must 
consider the strong possibility of inflammatory disease producing such a 
picture 
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Figure 22 

Photograph of a right middle ear presented for the purpose of showing 
variations in the long process of the incus 

The long process of the incus becomes visible at a lower le\el in this 
ear and points more direcd) mfenorly than usual The most striking feature 
of this process of the incus is its length The shaft is bowed, causing it to 
appear comma-shaped It is turned upward at the end somewhat like the 
bow of a ship Despite its length, it does not extend too far beyond the 
head of the stapes and its articulating surface e\ en faces somewhat inferiorly 
This articulating surface must be considered if pressure through the incus 
is to be exerted on the stapes for the purpose of mobilization If the direction 
and pressure are faulty, dislocation is likely to occur 

The footplate of the stapes is clearly seen and is apparently infiltrated 
with otosclerotic bone The crural arch of this stapes is extremely large 


Figure 23 

Photograph of a left tympanic cavity presented for the purpose of 
demonstrating variations 

The long process of the incus is turned medially at its tip and is 
rounded at this extremity Articulation with the head of the stapes is far 
anterior, but the articulating surface is tilted only slightly antenorly 

The tendon of the stapedius muscle is inserted mto the small neck of 
the stapes These findings are not considered unusual but are variations 
within the range of normal 
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Figure 24 

Photograph of a left tympanic cavity presented for the purpose of 
demonstrating variations in the long process of the incus 

The long process of the incus has a sharp bony projection on its lateral 
surface in this ear This turns up like the bow of a ship, and presents a 
rough lateral surface which must be considered if instrumentation is to be 
done in this area The lenticular process of the incus articulates with the 
head of the stapes in its usual slightly anterior location The stapedius 
tendon inserts into the head of the stapes from an inferior direction thus 
exposing the posterior crus 


Figure 25 

Photograph of a left tympanic cavity presented for the purpose of 
showing variations m the long process of the incus 

This view is not uncommon, but show's an uptilted long process of the 
incus in comparison to the slight medial downward turn seen m Figure 23 
The head of the stapes is placed far forward and the lenticular process 
of the incus is resting on its posterior aspect The long process of the incus 
actually hides from view the head of the stapes Please compare with 
Figure 24 

The stapes is tilted jnfenorly and, therefore, the articulating surface 
is angulated This position must be considered before pressure is attempted 
through the incus if a mobilization of the stapes is contemplated 

The stapedius tendon is exceptionally well seen without disturbance of 
the chorda tymparn ner\e or the bony external canal The tendon inserts 
high on the head of the stapes in this ear 
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Figure 26 

Photograph of a left middle ear displased for the purpose of showing 
round ltindon \anations 

This round window membrane is seen clearly and is facing m the 
posterior, inferior and lateral direction It is also on the usual postenor, 
inferior aspect of the promontory A large wade niche is present and a \ ery 
deep depression, or second window, is present at its inferior margin I 
beliere that most of the deep depressions commonly seen in this location 
are rarely m direct communication with the labyrinth 


Figure 27 

Photograph of a left middle ear displayed for the purpose of showing 
round window \ anations 

This round window' is without a niche and is situated unusually far 
anteriorly It is actually as far antenor as the o\ al window The membrane 
is facing postenorh, laterally, and slightly supenorly The window is placed 
on the summit of the promontory 

This photograph also shows the usual view of the incus seen on lifting 
the tympanic membrane The area hidden by the chorda tympani nene, 
the moderate amount of bom oserhang, and the barely visible stapedius 
tendon is considered to be a\erage exposure of the middle ear 
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Figure 28 

Photograph of a left middle ear displaced for the purpose of showing 
\ anations in the round window 

This is a view of two round windows which ha\e no niche and are 
apparendy completely separate Membranes are thought to be present in 
both The small supenor window faces upward and laterally, whereas the 
inferior window faces posteriorly and inferior]} 

A large avascular promonton,- may be contrasted to Figure 31 
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Figure 29 

Photograph of a left middle ear displayed for the purpose of showing 
variations of the round window 

A large round window niche is seen in this ear and multiple rough 
projecting bony spines are seen mfenorl) These are frequendy seen in 
the hypotympanum 

The large round window membrane is clear!} seen covering the fluid 
of the labyrinth The membrane is facing laterall}, infenorly, and pos¬ 
teriori} This position on the postenor inferior aspect of the promontor} is 
the usual position for the round window 
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Figure 30 

Photograph of a left middle ear displaced for the purpose of showing 
variations in the round window 

This could be called the double-barreled round window The upper 
window has a definite membrane which is extremely small and faces m- 
fenorly and slightly laterally The low'er window may, or maj not, ha\e a 
definite labyrinthine connection with a separating membrane These two 
depressions are located m a well defined niche which does not merge into 
the hypotymparuc recess infenorly as was seen in Figure 29 
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Figure 31 

Photograph of a right middle ear displayed for the purpose of showing 
variations m the round window', the stapedius tendon, the stapes, and 
vascularity' 

This is a \ery large round window and is situated in the usual pro¬ 
montory position but is without a niche The membrane of this window 
is facing mostly in a lateral direction and is unusually superficial 

The stapedius tendon is quite long and is attached directly to the head 
of the stapes It is well seen in its entirety, including the pyramidal eminence 
This is unusual unless a portion of the external bony canal w-all has been 
first remo\ed The stapedius tendon is also directed slightly superiorly This 
is not too unusual, but is still in its most infrequent position 

The stapes is located in a \ery shallow niche and its crura are turned 
slighdy infenorly An unusual new of the entire stapes is seen The crura 
are unusual m that they are approximately the same length and are similarly 
arched A rare view of the entire lower margin of the footplate is seen 

The incus articulates wath the head of the stapes in the more infrequent 
postenor position 

More vasculanty than usual is present in this ear The amount of 
vasculanty is extremely \ anable and this ear does not represent the most 
extreme sasculanty that may be seen Note the large number of \essels o\er 
the promontory and the blood-filled appearance of the crura This may be 
compared to Figure 30 
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observed m numeious places m the bony oiifice of the lound 
window (see Figs 29, 22) In a majontv of patients, what 
appealed to be lesidual stiands of mesenchymal tissue formed 
bizane patterns ovei the ■window (see Fig 29) 

The usual round window could be seen easily immediately 
upon opening the middle eai m about the 8 oi 9 o’clock posi¬ 
tion and on the mfeiioi postenoi slope of the piomontoiv 
(see Fig 26) The lound window membiane is usually seen 
clearly, and is facmg postenoi ly, mfenorlv and laterally It 
is seen to move with good amplitude on normal footplate 
motion The lound window may be seen high up on the 
piomontorv m a veil antenoi position, with the membiane 
facmg m a supenor, postenoi, and lateral dnection (see 
Fig 27), or it may be seen located fai postenoi ly so that it 
is almost entnelv hidden bv the external canal wall (see Fig 
20) An inferioi 7 o’clock position is also possible 

The round window usualh is located m the supenoi an¬ 
tenoi end of a wide, long, excavated bony niche (see Fig 26) 
This niche usually is loughly bean-shaped and may have 
bony piojections oi spines m the lowei end (see Fig 29) 
Tins mav be continuous, with the same rough bony topog- 
laphv fiequentlv seen m the hypotympanum The lowei end 
of this niche mav, on the othei hand, be smooth and present 
anothei lounded depression, oi tunnel, which gives the ap- 
peaiance of being a second lound window (see Fig 30) 
Dissection to find the termination of some of these so-called 
double windows has not been possible, but this finding is 
fiequent enough that postmortem investigation mav soon give 
further light 

Many eais aie seen in which theie is no niche foi the 
round window (see Fig 28) The labyrinth tunnel orifice 
ends without elaboration on the piomontorv m a vanetv of 
positions as described abo\e The tiue lound window mem¬ 
biane almost imaiiablv, howevei, is lecessed a short distance 
m this tunnel Superficial tympanic mucous membiane may 
budge ovei the extenor of the onfice, but investigation 
usually rev eals that this is a pseudo round window membrane, 
and the true round window membrane will be found m a 
deepei position 
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EMBRYOLOGIC DISCUSSION OP FIGURES 7 AND 8 

The stapes is denved fiom the second visceial (bianclnal) 
aich, and even aftei diffeientiation is well undei wav (16 
mm stage), the head of the stapes is still attached to the 
ongmal bianclnal aich This lemaining connection eventu¬ 
ally attaches to the otic capsule and becomes the pyiamidal 
eminence and the stapedius muscle and tendon One would 
assume that piematuie sepaiation of the stapes fiom the 
second visceial aich occuned in this eai, theiefoie, total 
absence of the muscle is obseived and no tiace of its ongm 
oi mseition can be found 

The malleus and incus aie denved fiom the fust bianclnal 
aich and appeal fust at the 13 mm stage as one mass By 
the 25 mm stage, the malleus and incus aie easily identified 
and aie sepaiated by a distinct mcudomalleolai joint It is 
about this time that the long piocess of the incus giadually 
neais and finally joins the head of the stapes m an articula¬ 
tion The tuple bony union, seen m Fig 8, lepiesents dis- 
tuibed diffeientiation duimg this development Since the 
connection of the head of the stapes, with its second visceial 
aich, detaches and joins the otic capsule to become the sta¬ 
pedius muscle, one might expect it occasionally to be mis- 
dnected and to join the handle of the malleus This would 
explain the tuple bony union seen, but this explanation would 
also lequiie that tissue diffeientiation be dnected into bone 
instead of muscle 

Impiopei development of the fust bianchial aich in the 
foimation of the malleus and incus is anothei possibility 
These two bones aie at fust one mass and it is conceivable 
that an isolated aiea in the legion of the long piocess of the 
incus and the handle of the malleus might lemam fused and 
eventually unite with the stapes 

The noimal atti action of the stapes head foi the incus 
might also be duplicated in the handle of the malleus, thcie- 
foie, all thiee might fuse togethei in a tuple union The 
lack of articulating sui faces could be the lesult of immatmiU 
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EMBRYOLOGY 

The malformations seen m Figs 13, 14, 15, and 16 aie 
difficult to explain embi vologically, due to the veiy thin 
fi agile ciuia of the stapes The immatuie stapes noimallv 
is laige and bulky All of the othei vanations would be ex¬ 
plained by giowth distortion beginning dui mg the eighth 
to the twelfth embiyomc week By this time, the union of 
the incus and stapes has oeeuned, the stapedius muscle is 
attached, and the footplate of the stapes is beginning to be 
blended with the lamina stapedialis of the otic capsule The 
piocess has not been completed in these patients, and the 
annulai ligament has not diffeientiated to pioduce the oval 
■window As a lesult theie is solid otic capsulai bone thiough- 
out the legion of the oval window m these eais 

DIAGNOSIS 

In all the cases specifically discussed m this thesis the 
external canals and tympanic membianes weie noimal The 
consideiation of diagnosis is then in this light One may, 
howevei, suspect a malformation of the middle eai m some 
patients pnoi to opeiation The following observations may 
suggest middle eai anomalies 1 Cases of unilateial con¬ 
ductive deafness seem to have a highei peicentage of abnoi- 
malities 2 Conductive deafness obsei ved since birth oi 
eaily childhood, eithei bilateial oi unilateial, should suggest 
the possibility of middle eai abnoimahties even m the pies- 
ence of a noimal tvmpanic membiane Conductive deafness 
of this type is gieatei than that which would be due to any 
othei acquned pathologic piocess' 3 3 The absence of Cai- 
hart’s notch m the bone conduction curve mav be of diagnostic 
significance " A 50 to 65 db an conduction loss is piesent 
in most patients, and both the ail and bone conduction curves 
piesent a typical flat audiogiam thiough speech fiequencies ' 3 
In the patients leported lieie, Caihart’s notch was piesent 
often, but the chaiactenstic flatness of the an conduction 
cuive was observed m eveiv case 4 Congenital defoimities 
of the middle ear should be anticipated if the patient dem- 
onshates othei anomalies This is particulaily true of de¬ 
foimities of the bianchial aich denvatuies 5 History dat- 
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EMBRYOLOGIC DISCUSSION OF FIGURES 7 AND 8 

The stapes is denved fiom the second visceial (bianchial) 
aich, and even aftei diffeientiation is well undei way (16 
mm stage), the head of the stapes is still attached to the 
ongmal bianchial aich This lemaming connection eventu¬ 
ally attaches to the otic capsule and becomes the pyiamidal 
eminence and the stapedius muscle and tendon One would 
assume that piematuie sepaiation of the stapes fiom the 
second visceial aich occuned m this eai, theiefoie, total 
absence of the muscle is obseived and no tiace of its oiigm 
oi insertion can be found 

The malleus and incus aie denved fiom the fust bianchial 
arch and appeal first at the 13 mm stage as one mass By 
the 25 mm stage, the malleus and incus aie easily identified 
and aie sepaiated by a distinct mcudomalleolai joint It is 
about this time that the long piocess of the incus giadually 
neais and finally joins the head of the stapes m an articula¬ 
tion The tuple bony union, seen m Fig 8, lepiesents dis- 
tuibed diffeientiation duimg this development Since the 
connection of the head of the stapes, with its second visceial 
aich, detaches and joins the otic capsule to become the sta¬ 
pedius muscle, one might expect it occasionally to be mis- 
dnected and to join the handle of the malleus This would 
explain the tuple bony union seen, but this explanation would 
also requne that tissue diffeientiation be dnected into bone 
instead of muscle 

Impiopei development of the first bianchial aich in the 
formation of the malleus and incus is anothei possibility 
These two bones are at fust one mass and it is conceivable 
that an isolated aiea in the legion of the Jong piocess of the 
incus and the handle of the malleus might lemam fused and 
eventually unite with the stapes 

The noimal attiaction of the stapes head foi the incus 
might also be duplicated in the handle of the malleus, theie¬ 
foie, all thiee might fuse togethei m a tuple union The 
lack of articulating suifaces could be the result of immatui it\ 
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EMBRYOLOGY 

The malfoimations seen m Figs 13, 14, 15, and 16 aie 
difficult to explain embiyologically, due to the very thin 
fi agile ciuia of the stapes The immatuie stapes normally 
is laige and bulky All of the othei variations would be ex¬ 
plained by growth distortion beginning duung the eighth 
to the twelfth embryonic week By this time, the union of 
the incus and stapes has oeeuned, the stapedius muscle is 
attached, and the footplate of the stapes is beginning to be 
blended with the lamina stapediahs of the otic capsule The 
piocess has not been completed m these patients, and the 
annulai ligament has not diffeientiated to pioduce the oval 
window As a lesult theie is solid otic capsulai bone through¬ 
out the legion of the oval window in these eais 

DIAGNOSIS 

In all the cases specifically discussed m this thesis the 
external canals and tympanic membianes weie noimal The 
consideration of diagnosis is then m this light One may, 
howevei, suspect a malformation of the middle eai nr some 
patients prior to operation The following observations may 
suggest middle eai anomalies 1 Cases of umlateial con¬ 
ductive deafness seem to have a highei percentage of abnor¬ 
malities 2 Conductive deafness obseived since birth oi 
eaily childhood, eithei bilateial oi umlateial, should suggest 
the possibility of middle eai abnoimalities even m the pres¬ 
ence of a normal tympanic membiane Conductive deafness 
of this type is gieatei than that which wmuld be due to any 
othei acquired pathologic piocess' 3 S The absence of Cai- 
hart’s notch in the bone conduction curve may be of diagnostic 
significance 3 A 50 to 65 db ail conduction loss is piesent 
m most patients, and both the an and bone conduction curves 
piesent a typical flat audiogiam thiough speech frequencies ' 3 
In the patients reported lieie, Caihart’s notch was piesent 
often, but the characteristic flatness of the an conduction 
cuive was obseived m eveiy case U Congenital deformities 
of the middle eai should be anticipated if the patient dem¬ 
onstrates othei anomalies This is particulailv time of de- 
foimities of the bianclnal aich denvatuies 5 Histoiy dat- 
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mg back to accidental 01 opeiative mjuiy must not be ovei- 
looked as a cause of middle eai damage pioducmg conductive 
deafness 

In many instances, theie will be no warning of significant 
vanation 01 abnoimality of the middle eai even aftei caieful 
histoiy, physical examination and audiologic tests have been 
employed The use of a highly maneuveiable opeiatmg micio- 
scope with dnect lighting and magnification up to 40 diam- 
eteis is necessaiy to study these mteiestmg stiuctuial vana- 
tions One must be able to change both the position of the 
patient’s head and the dnection of vision thiough the micro¬ 
scope in Older not to oveilook the unusual changes in these 
minute stiuctuies Insistence upon good bmoculai visuali¬ 
zation and a routine of systematic inspection piepaies the 
mmd to attempt a lational suigical maneuvei which will be 
best designed to fit the need 

ETIOLOGY 

The woid variation is used heie in the sense that it is an 
all-inclusive teim indicating any deviation f 10 m normal It, 
then, includes a vast vanety of conditions In this sense, 
vanations seen m the middle eai may be eithei congenital 
01 acquned in ongm 

CONGENITAL DEFORMITIES 

Congenital deformities may be due to distuibed embiyo- 
logic development on the basis of heieditaiy defects Ex¬ 
amples of this aie the Tieachei-Collins ,M syndiome, oi seveie 
vaneties of otocephaly' cs 133160 These cases do not fall m 
the gioup of isolated middle eai defects 7 These malfoima- 
tions usually involve seveial of the bianehial denvatives ' T In 
all of the available liteiatuie I could find no single case of 
middle eai defoimit\ without othei accompanying defoimities 
in which theie was a definite familj histoiv, furtheimoie, 
m the cases leported in this thesis, theie veie no histones 
of similai conditions being piesent m othei membeis of the 
famih In am of the moie majoi defoimities seen m the 
middle eai which do not ha\e an obwous ongin, we must 
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logically, howevei, considei heiedity to be a stiong etiologic 
possibility 

Congenital defoimities may be due to intia-uteiine fetal 
mjunes Defoimities m certain cases have been ascubed to 
maternal vnal disease, such as mumps, lubella 139 and polio¬ 
myelitis 13 ' 6133 Fetal position m uteio has been considei ed 
to be a factoi m the pioduction of congenital deformities One 
imestigatoi leported changes in the mnei eai and central 
neivous system m the newborn with abnoimal fetal posi¬ 
tions 110 He examined six patients with abnoimal position 
and five of the six had histologic changes In two, changes 
weie found m the mnei eai, and m one theie was a seveie 
distuibance in the development of the mnei eai and middle 
eai Collaboiation of mvestigatoi s with obstetucians might 
m the futuie shed light on this suggestion All of the cases 
found m the liteiatuie m the above categories had multiple 
defects outside the middle eai None of the cases leported 
m this thesis have know n accompanying deformities outside 
the middle eai, and none of the conditions leported heie could 
be tiaced dnectlv to intia-uteiine injury as a possible etiologic 
factoi 

Vanations m the middle eai may be pioduced by congenital 
deformities due to alteiation of developmental piocesses by a 
vanetv of unknown causes befoie birth The vast majority 
of variations have no obvious cause Taidy oi delayed re¬ 
sorption of mesenchvme m the middle eai has been considered 
to be due to hoimonal oi enzymatic imbalance 63 If hormonal 
and enzymatic factors aie effecti\ 7 e m alteung the resorption 
of this tissue, it is reasonable to assume that these factors 
might affect othei de\ T elopmental piocesses Diabetes, s= ladia- 
tion,* 1 dietary deficiencies, incompatible blood types S4 (RH 
factois), eclampsias, maternal and fetal hypoxia, 55 and ex¬ 
cessive use of diugs might conceivably pioduce changes m 
the noimal pattern of development An unusually high in¬ 
cidence of abnormalities of the eai occurs m persons bom 
piematuieh The conditions listed above are only piesump- 
trve possibilities, and thus fai theie has not been a well docu¬ 
mented case leported in yyhich these factois have been pi oven 
to cause isolated middle ear malformations 
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osteogenesis, 01 osteopoi osis, making possible the foimation 
of bony piojections and budges which could fix the ossicle 
m place It was thus suggested that nutation pioduced by 
wbiatoiy activity m aieas wheie bone is m contact with bone 
could be a stimulus piomotmg the foimation of bony budges 
It has been my fiequent obseivation that most stapedial ciuia 
lest against the piomontoiy to some degiee These, with few 
exceptions, have no bony fusion, and yet the stiuctuies aie 
so much m contact developmentally that the mucous mem- 
biane seems to make no attempt to glow between them, but 
lathei appeals to sunound m certain aieas the individual 
cius and the piomontoiy as one unit This pioximity may 
lemain foi a lifetime without bony union These facts cast 
consideiable doubt on the theory of vibiatoiy activity pio- 
ducmg bony budges Reports of ossification of the stapedius 
tendon causing stapedial fixation have been made 1<3 Bony 
bands extending fiom the piomontoiy, 01 facial udge, to the 
ci us of the stapes, thus pioducmg stapedial fixation, have 
been lepoited 52 Vibiations and mflammatoiy nutations 
have been suggested as possible etioJogic factors 52 97 Atten¬ 
tion has also been dnected to the posibihty of bony budges 
(not otoscleiotic) which could, in places, cioss the annulai 
ligament The lack of piopei diffeientiation fiom chondial 
tissue into a fibious ligament could be lesponsible foi stapes 
fixation in these eais In this event, the pnmitive chondial 
tissue would develop into bone 

Infection with its pathologic sequelae is well known in the 
middle eai, and will be discussed onlv buefly m the light of 
these obseivations Among the 500 cases consideied m this 
thesis, theie was an unusual lack of adhesions observed m the 
middle eai, even though a fiequent histoiv of childhood eai- 
aches and suppuiation was obtained This was an unexpected 
finding and points up the fantastic abihrt of the living cell to 
lestoie oi dei out of chaos and pm pose out of destiuction This 
ability may, howevei, seme to blind the otologist The t\m- 
pamc membiane mai letuin to noimal appeal ance and, m a 
few isolated cases, lead one to believe that all suppuiatne 
disease in the middle eai has also been iesol%ed -without an 
afteimath of scai tissue In these cases, one ma\ lift the 
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tympanic membiane only to uneovei an extensive netwoik of 
thick seal bands Tiue, seal bands should not be confused 
with the tiny stiands of uniesolved mesenchymal tissue which 
aie so fiequently seen aiound the malleus, the incus, and 
especially m the region of the stapes c3 These stiands aie 
piesent to some degiee m the majonty of middle ears and 
appaiently hampei sound tiansmission very little (see Fig 
20) In cases of delated, or incomplete, development, tins 
tissue may be much more m evidence (see Fig 13) 

Atiophy and neciosis of bone, possibly due to infection, can 
be suspected m ceitam cases such as Fig 21 Piesumption 
that infection can pioduce such change is based upon the fie- 
quently seen eiosion of the ossicles m chiomc mastoiditis and 
chi omc otitis media The lenticulai pi ocess of the incus seems 
to be a particulaily vulneiable aiea of osteolytic attack The 
total eiosion of this end of the long pi ocess pioduces a sepaia- 
tion of the incus fiom the stapes and results m a conductive 
deafness due to mten uption of the ossiculai chain Isolated 
eiosion, oi atiophv, of this process sepaiate from any othei 
bonv involvement is difficult to understand Whj the head 
of the stapes and the ciuia, or the malleolai head is not 
also eioded by the same pathologic process, is a valid queiy 
Perhaps it is because the long pi ocess of the meus piojects a 
gieatei distance fiom anv base souice of soft tissue blood 
supplj than any pait of the othei ossicles They may be the 
most vulneiable portion foi inflammatory destiuction It 
thus mav become the fust part involved and, if the pathologic 
pi ocess is conti oiled, destiuction occuis onlv m this aiea 
Perhaps this deformity is common and is onlv now being seen 

Otosclerotic bone m this senes could be seen in the gieat 
majonty of cases Foci of otosclerotic bone usuallv weie seen 
neai the antenoi end of the footplate of the stapes The 
amount of bonv oveigiowth vaned from that which was 
baielv distinguishable to laige mounds which enveloped the 
base of the antenoi cius of the stapes Fairly fiequentlv, 
otoscleiotic bone was seen covenng a portion of the footplate, 
oi even mfiltiatmg and distorting it in its entnetv Occasion¬ 
ally the surrounding bonv capsule of the labvnnth, the an- 
nulai ligament, and the entire footplate could be seen to be 
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osteogenesis, oi osteopoiosis, making possible the foimation 
of bony piojections and budges which could fix the ossicle 
m place It was thus suggested that nutation piodueed by 
vibiatoiy activity m aieas wheie bone is m contact with bone 
could be a stimulus piomoting the foimation of bony budges 
It has been my frequent obseivation that most stapedial ciuia 
lest against the piomontoiy to some degiee These, with few 
exceptions, have no bony fusion, and yet the structuies aie 
so much m contact developmentally that the mucous mem- 
biane seems to make no attempt to giow between them, but 
lathei appeals to suuound m certain aieas the individual 
cius and the piomontoiy as one unit This pioximity may 
lemain foi a lifetime without bony union These facts cast 
consideiable doubt on the theory of vibiatoiy activity pio- 
ducmg bony budges Reports of ossification of the stapedius 
tendon causing stapedial fixation have been made 143 Bony 
bands extending fiom the piomontoiy, 01 facial udge, to the 
ci us of the stapes, thus pioducmg stapedial fixation, have 
been lepoited 32 Vibiations and mflammatoiy nutations 
have been suggested as possible etiologic factois 62 07 Atten¬ 
tion has also been duected to the posibility of bony budges 
(not otoscleiotic) which could, m places, cioss the annulai 
ligament The lack of piopei diffeientiation fiom chondial 
tissue into a fibious ligament could be lesponsible foi stapes 
fixation m these eais In this event, the piinntive chondial 
tissue would develop into bone 

Infection with its pathologic sequelae is well known m the 
middle eai, and will be discussed only buefly in the light of 
these obseivations Among the 500 cases considered m this 
thesis, theie was an unusual lack of adhesions observed in the 
middle eai, even though a fiequent histoiy of childhood eai- 
aches and suppuiation was obtained This was an unexpected 
finding and points up the fantastic ability of the living cell to 
lestoie oi dei out of chaos and puipose out of desti action This 
ability may, howevei, serve to blind the otologist The tym¬ 
panic membiane may letum to normal appeal ance and, m a 
few isolated cases, lead one to believe that all suppuiative 
disease in the middle eai has also been lesolved without an 
afteimath of scai tissue In these cases, one may lift the 
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completely ovenun by massive invasion of the pathologic pi o- 
cess In these cases it was impossible to distinguish the 
anatomical edge of the footplate, 01 indeed, to diffei entiate 
the footplate fiom the otic capsule On laie occasion, the 
otoscleiotic bone was seen in such huge mounds that it pi ac¬ 
tually coveied both ciuia and footplate, almost to the point 
of obliteiatmg the obtuiatoi foiamen of the stapes (see Fig 
19) 

Many othei diseases, such as diabetes, syphilis, tubeiculosis, 
cholesteatoma, etc, can pioduce destiuctive changes in the 
middle eai None of these was a factoi m any of the cases 
lepoited m this senes 


CONCLUSIONS 

In the past the discoveiy of middle eai malfoimations un- 
associated with othei known defects has been extiemely laie 
A laige number of vanations and malfoimations of the middle 
eai have been obseived by me m 500 tians-auial tympanoto¬ 
mies It is leasonable, theiefoie, to assume that these aie 
not laie 

Vanations and malfoimations must be consideied m opeia- 
tive pioceduies of the middle ear, othei wise, a slight distoi- 
tion oi absence of a landmaik can pioduce a mechanical pitfall 
oi an unchaited couise foi the suigeon 

Tians-auial tympanotomy m patients with unexplained 
deafness of a conductive type is a lational diagnostic, and 
sometimes collective, pioceduie 

The study of vanations and malfoimations leads to a bettei 
undei standing of the physiology of sound conduction, and 
offeis evidence to suppoit oi deny certain functional theones 

Investigative efforts in embiyology, histology, genetics, 
pathology, and othei basic sciences may be stimulated by the 
obseivation of malfoimations and vanations m the middle 
eai 
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63 399, June 1944 

12S Richany, S F Bast, T H and Anson, B J The Development 
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bv Xravs Arch Radiol and Blectrother 23 125 London 191S19 
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Amt , p 7 1905 06, Balt 

166 Stuhxman, O J Nonlinear Transmission Characteristics of Audi 
tory Ossicles Jour Acoust Boc Amei , 9 119, 1937 
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167 Wolff, D, and Bellucci, R J The Human Ossicular Ligaments 
Ann Otol , Rhuiol and Laryngol , S96, Dec, 1956 

16S Wright, W Iv Repair of Chronic Central Perforation of the Tym 
panic Membrane The Labtj,goscope, 66 1464-146S, Nov 1956 

169 Wuixsteih, H The Restoration of the Function of the Middle Ear 
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AMERICAN RHINOLOGIC SOCIETY 

The Annual Piogiam Meeting of the Amencan Rhinologic 
Society will be held at the Palmei House, Chicago, on Fuday, 
Octobei 17, and Sattuday, Octobei 18, 1958 The speakeis 
will include Ralph Riggs, M D , “Maxillary and Pie-Maxillary 
Appioach to Septal Suigery”, Jules Masseiman, MD, “Re¬ 
lationship of Olfactory Factors m Neuiosis m Animals” A 
papei on the “Physiology of Respnation” will be piesented 
by David Cugell, M D , “Heat and Moistuie Exchange of the 
Respnatory Mucous Membiane,” by Irving Cramei, MD , 
"Second Golden Decade of Rhinologic Suigeiy—The Advances 
of the Past Ten Yeais,” by Harvey Gundeison, M D A dis¬ 
cussion entitled “Concepts of Nasal Physiology as Related to 
Collective Nasal Suigeiy,” by Maurice H Cottle, M D , “Bone 
Tiansplants” by Robert Ray, M D 

Theie will be a panel discussion on Hump Removal, Roof 
Repan and Nasal Piocess Collections 

The meeting will start at 1 30 p m on Octobei 17 and ad¬ 
journ at 4 00 p m on Satuidaj^, Octobei 18,1958 Foi fuithei 
details write Robert M Hansen, MD, Secietary, 1735 No 
Wheelei Ave, Portland 12, Ore 



DEVELOPMENTAL ANATOMY OF THE TEMPORAL 
BONE AND AUDITORY OSSICLES IN RELATION 
TO SOME PROBLEMS IN ENDAURAL 
SURGERY 

Barry J Anson, Ph D , 

Chicago, Ill 
and 

Theodore H Bast, Ph D , 

Madison, Wis 


INTRODUCTION 

The bones of the human skull are developmentally dissimilar 
to a striking degiee, each apparently following an individual¬ 
ized loute to matunty the frontal ossifies fiom two centeis 
which appeal in the eighth fetal week, the zygomatic from a 
single centei, appealing m membrane bone in the second 
month, the sphenoid from 19 centeis, the temporal bone from 
14, the fust one of which is formed m the fourth month, the 
last about five weeks later 

Most lemaikable of all are the auditory ossicles, which are 
made ovei for new uses, tiansformed fiom bianchial to 


•Head at the meeting of the Middle Section American Laryngologlcal 
Rhinological and Otological Society Chicago Ill Jan 13 1958 

tFrom the Department of Anatomy Northwestern University Medical 
School and the Department of Anatomy University of Wisconsin (contri¬ 
bution No 629 from the former) 

tVarlous phases of the inclusive investigation carried out under the 
auspices of the Central Bureau of Research of the American Otological 
Society by the present authors and their colleagues at the University of 
Wisconsin and at Northwestern University Medical School have been 
reported In the following Journals Ann Otol Rhlnol and Baryngol 
61 343 1942 61 891 1942 53 42 1944 66 467 1946 56 278 1946 66 27S 1946 
66 700 1946 56 957 1947 67 103 1948 67 603 1948 58 739 1949. 69 1088 

1960 60 1072 1961 61 740 1962 62 1084 1954 63 394 1964 64 802 1966 

Arch Otolaryngol 10 459 1929 16 19 1932 18 1 1933 18 291 1933 23 509 

1936 24 127 1936 27 402 1938 27 588 1938 28 676 1938 29 939 1 933, 

30 183 1939 30 922 1939 32 771 1940 36 891 1942 37 650 194S 52 882 

1950 The Laryngoscope 56 661 1946 66 786 1966 Quart. Bull North¬ 
western Unlv Med School 14 250 1940 14 258 1940 16 263 1944 18 33 

1944 23 465 1949 25 96 1951 25 366 1951 26 344 1952 28 17 1964 29 21 

1955 30 2S5 1956 SO 331 1966 Contributions to Embryology Carnegie In¬ 

stitution 21 53 1930 Anat. Rec. 48 141 1931 59 15 1934 65 4S6 1936 
99 56 1947 106 361 1950 Proceedings of the School of Public Health 
University of Michigan (Inservice Training Course The Acoustical Spec¬ 
trum ) Feb 1952 

Editors Note This manuscript received In The Laryngoscope Office and 
accepted for publication March 10 1958 
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acoustic function Quite as extiaoidinaiy as the May m 
which the sepaiate elements of the auditory appaiatus ong- 
mate, glow and attain maturity, is the independence enjoyed 
by each as it follows a developmental couise that finally leads 
to intei dependent adulthood Tune tables lieie aie as diffeient 
fiom one another as the developmental history and adult 
condition of the parts when compaied with conesponding 
featuies m the moiphogenesis of a typical long bone 

OBSER\ ATIONS AND DISCUSSION 


1 Otic Capsule 

In the human embryo of fne weeks (8 nun ), the auditory 
apparatus is lepiesented merely by an epithelial \esicle which 
has lately been fieed from the paiental ectodermal layei (the 
futuie integument) 

The sunoundmg mesencliyma is undiffei entiated, theie 
being as iet no histological prediction of change into pre- 
eartilage foi an otic capsule, howeiei, no soonei has pre- 
caitilage foimed an encapsulating imestment than deoigam- 
zation of the newly-formed tissue begins aiound the parts of 
the endolymphatic (otic) labvnnth A leticulum becomes 
\acuolated, then the lacuoles coalesce to pioduce the com¬ 
municating spaces of the perilymphatic (penotic) labyrinth 
These changes take place m a six-week penod (between the 
fifth and the eleventh week) 

In the fetus of nine weeks (40 mm ), both the otic (endo¬ 
lymphatic) and penotic (penlymphatic) labyrinth of the in¬ 
ternal eai aie formed, the otic capsule is a cartilaginous 
envelope for the labyrinthine ducts and sunoundmg canals 
and scalae In the area of the futuie middle eai, the ossicles 
aie formed m cartilage and lodged m mesenchvma Growth 
m cartilage then continues through anothei period of six 
weeks 

The otic capsule of a fetus m the fifth fetal month (19J 
weeks, 160 mm ) already displays distinguishing featuies in 
the cochlear and canalicular divisions m the cochlear portion, 
ossification has been initiated, in the canaliculai part, carti- 
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lage is not yet being leplaced by bone, lathei, it is being 
destioyed, lendeied spongious to permit terminal mciease m 
the aics of the semicncnlai duets 

The buds of vasculai tissue that destioy the cartilage entei 
thiough the subaicuate fossa, which at this stage is a iela- 
tively ample excavation 

The fust ossification centei appeals m the otic capsule at 
the age of about 16 weeks (115 to 120 mm ) , the last (14th) 
at the end of the fifth month 

As soon as an ossification centei is definitive, it is found 
to consist of thiee layers, each of which has its own late of 
inclement and matuiation, and time of appealance m the 
cochleai and canahculai divisions of the capsule 

The mnei penosteal (or endosteal) layei alieady forms a 
thm parietal shell foi the turns of the cochlea, it is completed 
quickly but lemams virtually unalteied thioughout life 

An outei penosteal layei appeals at the same time Im¬ 
mediately othei laminae are added externally—m steady ac¬ 
quisition, and aftei the regular pattern existing in the cam¬ 
bium layei of the penosteum in a typical long bone, howevei, 
the stiuctuie diffeis theiefiom m that, despite growth, the 
simple laminated bone is nevei leplaced by bone of Haveisian 
type 

The middle layei, unlike the othei two, is compound it 
consists of a calcified cartilage matnx m whose lacunae 
invading osteoblasts have surrounded themselves with bone 
which, while foimed m membiane, is deposited upon the 
fiamewoik offeied by the calcified cartilage This combina¬ 
tion is mtiachondiial bone The mtrachondnal tissue is 
formed concunently with the outei layers of the ossification 
centei, but pioduction of the endochiondial bone is delayed 
until the eaily weeks of postnatal life, at which stage it is 
pioduced with sweeping lapidity 

The layeis of the capsule aie especially distinct m the fetus 
at midterm, te,ma specimen of 21 weeks (183 mm ) in the 





Pig 1 Stages in the deAelopment of the otic oapsile Wisconsin series 
21 and P37 a,—Fetus of 21 weeks (1S3 mm > b—Child 8 a ears old 
Abbreviations Ia.ro internal acoustic meatus Sac saccule T\mp 
ca\ tympanic caA itA XTtr utricle 

Numerals indicate the layers of capsular bone In the cochlear part of 
Fig l-a (to the reader s right) the dowmvard-directed arrow points to 
the external limit of the middle la>er the upward-directed arrow to the 
Internal (free) margin of the inner la\er of bone In the \ estibular and 
canalicular dlAlslons of the same figure (to the readers left) the single 
arrow touches the internal margin of the Inner la\ er the three arrows 
point to the line of meeting of the outer and middle strata of bone 
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cochleai, vestibular and canaliculai portions of the capsule 
(see Fig 1-a) 

These layeis letam then fetal appeal ance, even m aieas 
wheie the capsule is being lebuilt The tjunpamc wall of the 
lateial semicnculai canal (the site of fenestiation surgery) 
is one such aiea, and the external apertuie of the vestibulai 
aqueduct is anothei 

In a 38-week (350-mm ) fetus, cartilage peisists m only 
two locations, u, m the wall of the fissula ante fenestiam 
and, continuous theiewith, as a urn foi the vestibulai (oval) 
window The outei (penosteal) layei has undeigone con¬ 
siderable thickening, like the bone of the othei two layeis, 
it is non-Haveisian and peimanent In the middle layer, the 
cartilage islands are coveied by endochondial bone—manow 
spaces being conespondmgly ieduced m bulk In portions 
of the cochlear capsule, space is still a piomment featuie, its 
existence selves to set off the outer fiom the mnei layei 
The mnei layei is unchanged 

In the newborn infant the otic capsule is still cancellous 
in textuie This appeal ance is due to the histological struc- 
tuie of the middle layei, which is still composed mainly of 
mtiachondnal bone Because of its open textuie, the layei 
is cleaily distinguishable fiom the other two, the mnei being 
relatively thin and smooth-surfaced The outei layei will 
undeigo steady inclement until the tempoial bone has at¬ 
tained adult foim and dimensions The middle layei will 
assume a petious consistency as a lesult of the pioduction of 
new bone (deposited upon the mtiachondnal spicules) The 
mnei layer will lemam virtually unchanged thioughout life 

In the eai of a child eight yeais of age, the thiee funda¬ 
mental layeis of the otic capsule aie still distinguishable 
(see Fig 1-b) The chief postnatal changes are two m num- 
bei mciease m thickness of the outei layei, attainment of 
compact chaiactei by the middle layei Fiequently a laige 
part of the middle layei will have been destioyed to make 
way foi an cells It has been established that pneumatiza- 
tion may be complete in the young child, and that m some 
individuals the piocess is undei way m the late fetus 
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2 Auditory Osswles 

The structuie of the stapes calls foi special discussion m 
1 elation to pioblems piesented to the suigeon m the opeiation 
foi mobilization Developmental history fully accounts foi its 
aichitectuial weakness 

In the fetus of 20 weeks (167 mm ) the single ossification 
centei has made its appeal ance on the obtuiatoi wall m the 
aiea of continuity of the eius with the base 

At a slightly latei stage (21 weeks, 190 mm ), an osseous 
shell is cn cumfei ential foi the cius, otherwise, the ossicle 
lemams cartilaginous In the ciuial portion of the stapes, 
manow has replaced cartilage 

In the 28-week (202-mm ) fetus, ossification has advanced 
to include the neck of the stapes, and to spiead along the 
ciuia toward the head of the ossicle Cartilage lemams at 
the basal extiemity, but is eioded internally, on the internal 
suiface, endochondial bone is foimmg 

The stapes m the fetus of 24 weeks (215 mm ) is composed 
of bone, except at the extiemities Medially, cartilage coveis 
the vestibulai suiface and the fenestial maigm, wheieas 
latei ally the pumoidial cartilage of the capital end peisists 
as an articulai plate (at the mcudostapedial joint) 

The stapes of the 32-week (290-mm ) fetus has attained 
adult form and stiuctuie It is completely invested by mucous 
membiane, both the basal and capital extiemities aie bilam- 
mar (each of the layers being thin but complete) 

All of the stiuctuial featuies which chaiactenzed the stapes 
in the late fetus and in the newborn infant aie letamed m 
virtually unalteied foim in the adult the ossicle is exces¬ 
sively thin, its base, like the head, is two-layeied (the carti- 
lagmous lamina of the vestibulai surface investing the endo¬ 
chondial lamina of the tympanic aspect) , mucous membrane 
not only covers the outei surface of the penosteal bone of 
the cruia and head, but also coats the innei surface of the 
same layei wlieie, as a lesult of lemoval of the obturator 
vail of the ossicle, the mucosal tunic comes to leplace manow 
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Pi£T 2 Stagres in the de\elopment of the stapes WJs 50 and P20 
a—Fetus of 15 eeks (111 mm ) —Adult 19 3 ears old 


and endochondial spicules The mucous membiane on the 
base of the stapes lies m contact with the endochondial 
lamina, which m a piocess of secondary giowth, foimed a 
coveimg foi the peisistent cartilage 

When once the stapes has been 1 educed m bulk and stiength, 
it subsequently undeigoes negligible alteration The ossicle 
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lemams infantile— 01 , lathei, it is alieady an adult bone m 
the newborn 

By way of conti ast, the histological stiuctuie of the incus 
is subject to lemodelhng at any age in a peison’s life span 
(see Figs 3-a and 3-b) , howevei, in some infantile specimens, 
excavation of both perichondial and endochondial bone may 
be undei way, and m otheis, destiuction is maiked, but new 
bone is being applied to the walls of the lecently foimed 



Fig: 3 Features in the deYelopment and adult remodelling of the incus 
(long- crus) WIs ser 21 and P10 a,—Fetus of 21 weeks (1S3 mm ) 
b—Adult 62 jears old 

AbbreY iation Cartil cartilage Endoch bone endochondral bone 
Perich bone perichondral bone Encircled Roman numerals indicate pri¬ 
mal^ (I) and secondare (II) ossification 


spaces In some adults, eiosion may affect chiefly the pen- 
chondral layei, m others, secondary excavations appeal, as 
does concunent formation of tertiary lamination 

CONCLUSIONS 

The otic capsule is alieady pieeartilagmous m the six- 
week embryo, whereupon the tissue begins to deorganize 
aiound the otic labyrinth, piedictmg penotic vacuolization 
(foi semicnculai canals, vestibule and cochleai scalae) 

Although bone formation is undei way m the cochlear 
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legion at 20 weeks, the canalicular division not only lemams 
cartilaginous for a four-week period, but is rendeied spongi- 
ous, permitting expansion of the semicncular ducts Even 
when capsulai ossification is virtually complete, the middle 
layer still consists mostly of mtiachondnal bone Soon aftei 
birth, lapid deposition of endochondial bone contubutes pet- 
ious character to the entne capsule The inner layei nevei 
changes, the outei thickens to imbed the capsule 

The capsule undeigoes late lemodelhng at the external 
aperture of the vestibular aqueduct and along the tympanic 
wall of the lateral semicuculai canal, while bone m the 
canalicular region is being pneumatized 

The ossicies, although denved from the bianchial skeleton 
of the embryo, and ossified fiom a single center each, follow 
different couises of moiphogenesis and at diffeient lates of 
speed The stapes of the midterm fetus has alieady attained 
adult dimensions, but is destined to undeigo piofound reduc¬ 
tion m bulk before birth, aftei which it remains structurally 
quiescent Like the otic capsule, the stapes nevei attains the 
Haversian stage of typical bone, m that lespect it letams 
lifelong fetal stiuctuie The mcus, on the conti aiy, ex¬ 
pel lences lemodelhng of both its peiiosteal and endosteal 
layeis thioughout life, yet suffers no giossly discernible loss 
m bulk 

Difficulties which confiont the surgeon m employing any 
one of the seveial techniques calculated to mobilize an anky- 
losed stapes aie the lesult of the following circumstances 
the anatomic position and relations of the stapes, its ex¬ 
treme fragility and its inability to heal, once it has been 
fiactuied, the powei of the otic capsule to pioduce lapidly- 
growmg bone m the territory of the vestibulai (oval) win¬ 
dow All portions of the stapes aie fiagile, they aie alieady 
flail m the infant, and will lemam so thioughout life The 
ciuia and base aie always thin, the head is pitted 01 deeplv 
excavated, 01 both The base (footplate) is usually the weak¬ 
est part of the ossicle In many cases, bone is a thin lamina 
on the tympanic aspect, i e , toward the middle eai , cartilage, 
persisting fiom the fetal stage, completes the base on the 
vestibulai surface 



CONGENITAL STAPES FOOTPLATE FIXATION 


A Preliminary Report of Twenty-Three 
Operated Cases *f+ 


Howard P House, M D, 

William F House, M D , (By Invitation), 
and 

Victor H Hildtard, M D , (By Imitation), 
Los Angeles, Calif 


INTRODUCTION 

Otoscleiosis has long been recognized as a cause of fixa¬ 
tion of the footplate We now realize there is a second cause, 
namely, congenital fixation of the stapes footplate This 
entity does exist, can be diagnosed by clinical means, and 
can be recognized at the time of suigery ** 

Shambaugh 1 has described five such cases, and Holmgren 1 
reported a case of incomplete development of the oval window 
Altmann 3 has descubed the histological findings of a case of 
atresia with congenital footplate fixation Wolff 4 has ob¬ 
served abnormalities in the annular ligament of the new-born 


EMBRYOLOGY 

Embrvologicallv, the malleus and incus aie differentiated 
from the fust branchial aich, 01 Meckel’s cartilage The 
stapes is derived fiom the second bianclnal aich, 01 Reichert’s 
cartilage Failuie to diffei entiate results m a congenital 
abnormality of the structures involved, consequently, the 
stapes and stapes footplate may be involved without in\ol\e- 
ment of anv of the othei middle ear stiuctuies 


•Head at the meeting- of the Eastern Section American Lar\ngological 
Rhinological and Otological SocIet\ Inc. Jan 9 1**5S 

tFrom the Department of Otolart ngolog\ Universitv of Southern Cali¬ 
fornia School of Medicine 

JSponsored bj the Los Angeles Foundation of Otologv 

••Our gratitude to Eusebio E Llamas MD for his help in the statistical 
evalaution of these cases 
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HOUSE, ET AL FOOTPLATE FIXATION 


DIAGNOSTIC FEATURES OF OTOSCLEROSIS IN THE ADULT 

The differential diagnosis between otoscleiosis and con¬ 
genital footplate fixation may at times be lathei difficult 
The key to the diagnosis of otoscleiosis m the adult is pu>- 
gi ession of the heaung loss If a patient has a slowly pto- 
gi esswe conductive 01 mixed type of loss with essentially 



noimal otologic findings, the diagnosis is usually clinical 
otosclerosis (see Fig 1) 

The amount of conductive impairment vanes with the 
degiee of otosclerotic footplate fixation The ail conduction 
cuive usually shows the gieatest loss m the lowei frequencies 
Cochleai involvement is quite common and usually involves 
the lnghei fiequencies 
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DIAGNOSTIC FEATURES OF CONGENITAL FOOTPLATE FIXATION 
IN THE ADULT 

The key to the diagnosis of congenital footplate fixation in 
the adult is the absence of progression of the healing loss 
A patient with a history of a puiely conductive non-pi ogres- 
sive heaung impairment, who has essentially normal otologic 
fmdings, may be diagnosed as ossiculai discontinuity, 01 con¬ 
genital ossicular fixation, occuirmg usually at the stapes 
footplate 

To determine accurately the lack of piogiession may be 
very difficult These patients give a history of accidental 
discovery of the hearing impaiiment, eithei by school tests, 
01 as the lesult of a certain incident that called attention to 
then hearing deficiency The aveiage age of such discovers 
m this series of cases was ten years Aftei discovery the 
patient, and parents, become suddenly awai e of the impair¬ 
ment and pioceed to test the hearing acuity m vanous v ays 
As the result one may feel that the hearing is getting woise, 
when actually the patient is only becoming moie awaie of the 
pie-existmg deficiency Because of the mci eased demands 
made on his heaung, one may feel the hearing loss is becom¬ 
ing greater as he gets older because of Ins moie adult 
activities 

Patients with a congenital fixation of the stapes footplate 
have giown up with then impaiiment They automaticalh 
compensate for then deficiency, and become excellent hp- 
leaders long before their hearing loss is discovered They 
fiequently give a history of being slow m learning to talk, 
but all seem to have an excellent speech pattern (see Fig 2) 

Audiometric findings in congenital footplate fixation are 
lemaikably constant The an conduction curve is flat and 
aveiages 50 db m the three speech frequencies The bone 
conduction curve also is flat and remains within 10 db of 
the zeio threshold throughout the audiometnc fiequency 
range 


CONDUCTIVE LOSSES IN CHILDREN 
We lecentlv leviewed oui patients undei 12 vears of age v ho 
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had a conductive loss with essentially noimal otologic findings, 
and who weie examined in om office ten or moie yeais ago 
We found these cases could be classified into foui groups 

GROUP NO 1 

This gioup consisted of conductive losses of 15 to 35 db 



m the tluee speech fiequencies, which lesponded to theiapy 
and had no furthei difficulty m adulthood 

CASE REPORT 

T B age five was first examined in 1945 concerning a hearing ini 
pairment which was discovered bv routine school audiometrv There was 
no history of middle ear disease and the otologic examination was 
essentfall.v normal A tonsillectomj and adenoidectomj was performed 
followed bj Xra> therapv to the nasopharynx The hearing improved 
following this therapy and has maintained the improvement to date as 
per the following audiograms (see Figs 3 A, 3B) 
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GROUP NO 2 

This gioup consisted of childien with mild conductive losses 
of 15 to 35 dbs m the tlnee speech frequencies, who did not 
respond satisfaetonly to theiapy in childhood, but latei re¬ 
gained then heanng aftei adolescence This gam was ap¬ 
parently due to spontaneous legression of tubal lymphoid 
tissue 


CASE REPORT 

E K age five was first examined in 1946 with a historv of repeated 
upper respiratorv infections and recurrent attacks of bilateral acute 
otitis media with drainage The parents had been aware of a hearing 
loss for several vears 

Examination revealed enlarged adenoids and tonsils and their removal 
was recommended The parents did not desire to have surgerv per 
formed, and no therapi was carried out either at that time or subse- 
quentlv (see Figs 4 A, 4 B) 


GROUP NO 3 

Tins gioup consisted of childien with mild conductive losses 
that mci eased to loss of serviceable heanrig m adulthood, 
appaientlj due to otoscleiosis Subsequent suigeiy now 
being peifoimed on this gioup is piovmg the diagnosis of 
otoscleiosis to be conect 

CASE REPORT 

R K age 15 was first examined in 1954 She had noted a bilateral 
hearing loss for six months which was discovered accidentallv and 
which she stated was not progressive She complained of some tinnitus 
and stated that she heard better In noisv places There was a positive 
famih historv of otosclerosis 

Examination revealed essentiallv normal otologic findings The tonsils 
and adenoids had been removed at an earlier age and the nasopbarvnx 
was free of lvmphoid tissue 

Two vears later another hearing examination oas carried out and 
the hearing loss had progressed considerablv during adolescence A 
mobilization operation ■was performed at that time with restoration of 
serviceable hearing as per the following audiograms The findings at 
surgerv were characteristic of otosclerotic fixation (see Figs 5-A 5-B) 

GROUP NO 4 

This group consisted of childien with a maiked conductive 
loss in childhood, of 45 to 55 dbs, who showed the same de- 
giee of loss in adulthood ten oi moie jeais later, apparentlv 
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due to congenital footplate fixation Subsequent suigery now 
being peifoimed on this gioup is piovmg the diagnosis of 
congenital footplate fixation to be conect 

CASE REPORT 

V M, age ten jears, was first seen in 1945 The parents stated the 
hearing impairment was first noted at three xears of age, and that the 
child was rather slow in learning to talk The parents did not notice 



Fig 7 Normal Footplate 


ant progression in the loss and there was no history of ear disease 
The child was unaware of tinnitus and the family history vas negative 

Examination it as essentially normal except for the audiometric find 
ings which revealed these characteristic audiograms (see Figs 6 A 6B) 

In a child undei 15 yeais of age the diagnosis of otoscleiosis 
is difficult, because the key factoi of piogiession cannot be 
definitely established The degiee of conductive loss at the 
time of discoveiy may vaiy fiom an aveiage of 15 dbs to 
35 dbs m the tluee speech frequencies, depending upon the 
degiee of otosceleiotic footplate fixation Dunng adolescence 
piogiession of healing loss due to otoscleiosis is frequently 
acceleiated lapidly 
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If a child has normal phjsical findings, has a conductive 
loss not to exceed 35 dbs m the thiee speech frequencies and 
does not respond to loutme theiapy, the diagnosis may be 
clinical otoscleiosis Confmnation of this tentative diagnosis 
can be achieved only by noting fuithei piogiession of the 
healing loss ovei a penod of time, or by suigical exploiation 
and examination of the stapes footplate 



Fig: S Otosclerotlc Footplate 


The diagnosis of congenital footplate fixation m the child 
may also be difficult, due to the lack of a histoiy of pio¬ 
giession of the healing impairment, theiefoie, the diagnosis 
of congemtal footplate fixation m childien is based on normal 
physical findings and the chaiactenstic flat 50 db puie 
conductne loss on the audiogram 

In new of oui long term studies of conductn e impairment 
in children, it seems logical that anv child undei 15 veais of 
age with a purelv conductne hearing impairment appioxi- 
mating 50 dbs has congenital footplate fixation rather than 
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clinical otosclerosis An analysis of our opeiated cases of 
congenital footplate fixation m children confnms this hypo¬ 
thesis 


OBSERVATIONS AT SURGERY 

Suigical exploiation by the stapes mobilization appioach 
leveals lathei charactenstic findings m cases of congenital 
footplate fixation (see Fig 7) 



Flff 9 Conffcnital Footplnte Fixation 


The noimal stapes footplate has a chaiactenstic appeal - 
ance Theie is no mciease :n vasculanty, and the margins 
of the footplate and the annular ligament are distinct The 
cential poition of the footplate is thm and usually has a 
bluish appeal ance Gentle palpation leveals unifoim mobility 
(see Fig 8) 

The otoscleiotic footplate has an increased vasculanty, 
usually m the antenoi aiea The maigins of the footplate 
and the annulai ligament aie difficult to visualize antenoi ly. 
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but usually are ieadily visualized postenoily The cential 
footplate aiea is often thin with a bluish discoloration Oto- 
scleiotic bone frequently engulfs the antenor crus at its 
footplate attachment Whitish otoscleiotic plaques aie often 
seen spreading ovei the sui rounding bone of the otic capsule 
Palpation leveals fixation of the footplate, more often m the 
antenor region (see Fig 9) 

In congenital footplate fixation theie is no mciease m 
vascularity The cential portion of the footplate is not thm, 


TABLE i 

A Prellminar\ Report of Twentv Three Operated Cases of Congenital 
Footplate Fixation 

_ Age of Discovery of Hearing Lo»a _ 

Average age _ _ ----- 10 years 

Youngest age _____ ___ _ 2 years 

Oldest age________33 years 

_ (87% noted hearing loss before 11 'ears of age) 

_ Age at the Time of Surgery _ 

Average age ------ 

Youngest age -------- 

Oldest age - _ - 

(Fhe cases were over 50 years of age) 

PreoperatRe Air Conduction _ 

Average loss - --- -50 dbs At erage In the 

Minimum loss - --- _ „ 40 dbs three speech 

Maximum loss _ _ ____ _65 dbs frequencies 


__ 33 vears 

__G vears 

-_60 vears 


and the bluish discoloration is usually not piesent The 
margins of the footplate and the annulai ligament aie dif¬ 
ficult to visualize, since the footplate bone blends into the 
bone of the sunoundmg otic capsule This diffuse uniform 
bony fusion may be thm oi thick If thin, the footplate can 
be ieadily mobilized, if thick, mobilization cannot be at¬ 
tained by manual piessures Gentle palpation reveals um- 
foim and total fixation of the entile footplate 

SURGICAL RESULTS 

All twenty-thiee cases veie exploied by the stapes mobili¬ 
zation appioach Mobilization of the stapes footplate was 
attempted by needle and chisel techniques 
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clinical otoscleiosis An analysis of oui opeiated cases of 
congenital footplate fixation m childien confnms this hypo- 
thesis 


OBSERVATIONS AT SURGERY 

Suigical exploiation by the stapes mobilization appioach 
leveals lathei charactenstic findings m cases of congenital 
footplate fixation (see Fig 7) 



Fig *1 Congenital Footplate Fixation 


The normal stapes footplate has a chaiactenstic appear¬ 
ance Theie is no increase m vasculanty, and the margins 
of the footplate and the annulai ligament aie distinct The 
cential portion of the footplate is thin and usually has a 
bluish appealance Gentle palpation leveals uniform mobility 
(see Fig 8) 

The otoscleiotic footplate has an increased vasculanty, 
usually m the antenor aiea The maigms of the footplate 
and the annulai ligament are difficult to visualize antenoily, 
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Twelve cases (52 pei cent) had a significant gam of 11 
decibels oi moie m the thiee speech fiequencies Eleven of 
these twelve cases leached the 30 decibel level oi better thiee 
weeks following mobilization Eleven cases (47 pei cent) 
lemamed essentially unchanged (within 10 decibels of the 
pieopeiative level m the thiee speech fiequencies) In five 
cases (22 pei cent) the stapes footplate could not be mobilized 
by manual means Of these five cases thiee were subsequent¬ 
ly fenestiated and all thiee leached the seiviceable level of 
30 dbs or bettei 

This senes of cases of congenital footplate fixation is too 
small, and the time factoi too short, to establish conclusions 
in legard to permanency Cases opeiated successfully one 
yeai ago, howevei, seem to be maintaining their post-sui gical 
heai mg impiovement 


CONCLUSIONS 

1 The diagnosis of congenital footplate fixation is estab¬ 
lished by obseivmg the chaiactenstic flat audiometnc cuive 
by an conduction appioximatmg 50 dbs m the three speech 
fiequencies The healing loss m these cases is non-piogies- 
sive 

2 Congenital footplate fixation is a definite entity which 
can be diagnosed clinically and conflimed at suigery 

8 Mobilization in cases of congenital footplate fixation is 
usually more difficult than in cases with otoscleiotic fixation 
If the footplate cannot be mobilized the patient is an ideal 
candidate foi subsequent fenestiation suigery 
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cause them to vibiate The lound -window membiane acts as 
a lelief point so tlie in-and-out vibiation of the ossicles can 
be transmitted thiough the scala to the lound window, which 
then bulges m and out 

Theie aie seveial tlungs that can happen to pi event this 
piocess first, the ossiculai chain can be disiupted thiough 
the lemoval of the incus 01 the disaiticulation of the mcudo- 
stapedial joint A measuiement of healing in this case, an 
experiment winch has been done many tmies on animals, 
shows that such a disarticulation gives a loss of aiound 60 db 
The 1 eason f 01 this is that we now have a useless di um mem- 
biane that is impeding the sound vibiation fiom getting into 
the mnei eai, also, the two windows aie m the path of the 
vibiations that do get through Sound lnttmg the two win¬ 
dows m phase and with equal intensity will be cancelled out 
at the sensory cells which lie m the internal path between the 
windows 

If the dium membiane is lemoved, as has been done both 
clinically and expeiimentallv, the healing will impiove by 
about 15 db This leaves a loss of aiound 45 db, part of 
which can be accounted foi bv the cancellation effect of the 
sound hitting the two windows If, bv some means, it weie 
possible to get sound to one window alone, thus pi eventing 
the cancelling effect, healing could be biought up to a 25 
to 30 db level This, of course, is quite important because 
this is in the lange of piactical healing—without an ossiculai 
chain 

Now let us suppose theie is a stapes fixation This may 
pioduce a loss of 60 db oi moie Disarticulating the ossiculai 
chain in this case wall not produce moie loss because the 
stapes is immobile and useless Although theie is sound 
going m only one window the fluid can not lespond to the 
Mbiation because it is blocked off at the othei end bv the 
fixed footplate of the stapes 

In this case the first thing to try is, of course, bieaking 
these adhesions to re-establish a normally moving chain If 
successful this is ideal, because the normal situation is le- 
stoied, but, if this cannot be done, theie aie se\eial pio- 
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CLOSING DISCUSSION 

Merle Lawrence, M D , Ann Aiboi, Mich 
Victor Goodhill, M D , Los Angeles, Calif 
George E Shambaugh, M D , Chicago, Ill 
C M Kos, M D , Iowa City, la 
E P Fowler, M D , New Yoik, N Y 
Philip E Meltzer, M D , Boston, Mass 
Samuel Rosen, M D , New Yoik, N Y 
Howard P House, M D , Los Angeles, Calif 

Moderator Howard P House, M D Two yeais ago m 
Monti eal, this panel analyzed its combined knowledge and 
efforts regarding stapes mobilization Today this same panel 
will bring to you newei thoughts and concepts m oui thinking 
legal ding stapes surgery dunng the past two yeais 

In the interests of time conseivation youi Model atoi today 
will ask each membei one or two cutical questions This 
will allow more time for audience participation and discussion 
at the conclusion of the panel piesentation 

Fust, I would like to call on the new membei of oui panel— 
Di Merle Lawience, will you discuss the function of the 
middle eai as 1 elated to stapes mobilization suigery? 

Merle Lawrence, Ph D , (Ann Aiboi, Mich ) In oidei to 
speed the discussion along I shall use the blackboaid to diaw 
a schematic diagiam of the eai, so that we can see what 
happens when we change parts of it We have the malleus 
(diawing on board), incus, stapes and mnei eai, which I 
diaw diagiammatically to show the endolymphatic system 
sui rounded by the perilymphatic This gives us a pictuie of 
the normal ossiculai chain, the dium membrane, malleus, 
incus, stapes and the scala media 

The fust essential for the pioduction of healing is the 
piesence of the sensory cells, they must be piesent in the 
scala media and available foi vibiation The second item 
of importance is the lelay of vibiatoiy eneigy to these cells 
The pnmary puipose of the ossiculai chain is to piovide a 
match between the an and mnei-eai liquids so the vibiation 
can get into the fluids sui rounding the sensory cells and 
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again produces a diop in the lesponse Removal of this plug 
brings the lesponse back to the botli-windows-open condition 
Obviously, m the piesence of a normal mnei ear the worst 
condition, aside fiom having both windows blocked, is to have 
one window closed and the othei opened In the piesence of a 
fixed stapes the situation can be impioved bv mobilization or 
temporal lly by the drastic pioceduie of pulling the stapes 
out of the oval window 

In the above experimental pioceduies the incus had been 
lemoved, so the drum membrane and its attached malleus 
weie useless, having no direct connection with the mobile 
stapes 01 open window By removing this barnei to the 
sound, the response impioves even further 

The second slide shows the audiometnc lesults for several 
frequencies The one curve shows the loss produced by the 
fixed stapes and the second shows the loss, a considerable 
improvement over the original condition, of mobilizing the 
stapes (and lemovmg it) plus elimination of the drum mem- 
biane, malleus and mcus It shows that thiough these pio¬ 
ceduies a marked improvement m hearing can be produced 
temporal llv m the laboratory It does not indicate what the 
permanent lesults would be 01 what surgical complications 
uould be encounteied in the human 

Despite the demonstrated improvement the average theo¬ 
retical results would still show a healing loss of about 45 db 
This is not enough of an improvement To be practical 15 
more db must somehow be lestoied There is another 
mechanical property which can be considered m attaining 
this additional 15 db 

We have mentioned that this 15 db loss is pioduced by 
sound hitting both windows m phase and with equal intensity 
This can be pievented by cieating a situation that leaves one 
window open to the sound and piotects the other without 
blocking it, that is, leaving it fiee to act as a lelief point 
foi the m-and-out motions of the other window 

Theie aie two wavs by which such a situation can be ac¬ 
complished one is bv means of a skm flap ovei the open oval 
window oi ovei a fenestia m the horizontal canal (as in the 
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ceduies that can be earned out which, if successful, can letum 
heaung to the 45 db level 

One of these pioceduies is to pull 01 bieak the stapes out 
of the oval window I would like to piesent two slides which 
show the results of such an opeiation on an expenmental 
animal It is remarkable that the stapes can be pulled 
out without greatly changing the cochlear lesponse from that 
pioduced with a mobile stapes with no ossiculai chain 

I would like to emphasize one thing at this point I am 
not advocating suigical pioceduies, I am talking about the 
mechanical pioperties of the ear undei various conditions of 
suigical leanangement in experimental conditions 

In the first slide is shown a running-time lecoid of the 
electrical lesponse fiom a cat’s cochlea when presented with 
a continuous 2000 cp s tone Such recoidings are made pos¬ 
sible by an electionic system which I shall not descube At 
the beginning of the recoi d the stapes is fixed This is ac¬ 
complished m the anesthetized cat by inserting a needle deeply 
into the cartilagenous portion of the Eustachian tube, a pro- 
ceduie which directs the lemamder of the needle in a posterioi 
dnection dnectly past the stapes, wedging it against the 
promontory 

The incus is lemoved, a procedure which, as long as the 
stapes is fixed, pioduces no change m the lesponse Mobili¬ 
zation of the stapes by lemovmg the needle, under these con¬ 
ditions, gives an impiovement of about 12 to 13 db 

As seen m the slide the next step is to pull out the stapes 
completely and, momentarily theie is no change m response 
fiom that of a mobile stapes Such opeiations weie sepaiately 
leported as a suigical procedure on humans m 1892 by Blake 
and Jack, howevei, they soon abandoned it 

Oui next step, lefemng again to the slide, was to investi¬ 
gate the natuie of sound transmission undei the above con¬ 
ditions First, the now-open oval window was plugged solidly 
by pushing wax down into the niche Theie is an obvious 
diop m the lesponse The lesponse letums upon lemoval of 
the plug Plugging the lound window in the same way 
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we see an almost exact duplication and piogiession of tech¬ 
niques tiled and abandoned veais ago At first, m the final 
decade of the last centuii, theie was mobilization which was 
followed bi stapes extnpation and holes dulled m vanous 
legions Holes weie dulled thiough the stapes, thiough the 
piomontoiw, into the postenoi canal and finally the hori¬ 
zontal canal I pi edict that m about 1980 somebody is going 
to lediscoyei fenestiation of the honzontal canal 

Moderator House Di Lindsay, w ould you please discuss 
the pathologw of extensile otoscleiosis that might lequire 
footplate techniques foi successful stapes mobilization 9 

John R Lindsay MD (Chicago, Ill) The histopathology 
is the one factoi of stapes ankilosis which does not change, 
but as yeais go on we aie more awaie of the mam variations 
which exist I thought it would be most informative to show 
a few of the really extensn e cases of otosclerosis which would 
need some pioceduie directed at the footplate m ordei to be 
mobilized successfullv 

I am indebted to Dr Hildmg of Duluth and to Dr Keelei 
of Oakland foi the foui specimens that will be shown 

The fust two slides are fiom Di Hildmg’s case The fust 
slide shows foui sections through the same stapes to show 
how the condition lanes Neai the upper border the foot¬ 
plate is fiee at one side but extensn eh imolved m otoscleiosis 
and fixed at the othei edge The section further down shows 
the fixation and greater extension of the otoscleiosis Furthei 
down it extends well ovei the footplate, but still the postenoi 
boi der is fi ee m its upper part Low ei down there is still a 
part of the footplate fiee where it is connected with the 
postenoi cius The antenoi crus is hopelessly imolved m 
the otosclerotic mass This, as vou see, suggests that the 
procedure first suggested bv Fowlei might be adaptable, 
that is, an antenor cruiotonrv and mobilization of the re- 
mamdei of the footplate b\ cieation of a fiacture, leanng 
a mobile part of the footplate connected thiough the posterior 
cius to the remainder of the chain 

The second slide shows a moie difficult problem The situa¬ 
tion is essentially the same in that part of the footplate is 
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Lempert opeiation) which then is so attached that an an 
space is left aiound the xound window but at the same time 
acting as a bamei between the sound and this window Any 
opening m this bamei will, of couise, not bung about the 
desned impiovement 

Anothei pioceduie is theoi etically possible in the case of a 
fnmly anchoied stapes This consists of opening up the 
middle eai cavity by lemovmg the dium membiane, malleus, 
and incus, which aie useless m the face of an immobile stapes, 
and making a minute hole into the vestibule of the mnei eai 
This hole must be small, because it has to offei acoustic le- 
sistance to the enteimg sound Such lesistance cuts down the 
intensity of sound enteung on the vestibulai side and thus 
1 educes the cancelling effect Any laigei hole, such as was 
pioduced m the expenment shown on the slide by pulling out 
the stapes, offeis no lesistance at all to the incoming vibia- 
tions The tiny hole 1 educes the mnei-eai cancelling effect 
and acts as a mechanical lelief point foi the unimpeded sound 
enteung through the lound window, so it is possible to obtain, 
by this method, an improvement up to the aveiage theoietical 
level of 25-30 db as in the fenestration opeiation, and de¬ 
pending upon the natuial acuity of the opeiated eai the 
i esults may be even bettei m some cases 

I would stiess that aside fiom the mechanical considerations 
mentioned heie theie aie many physiological and medical 
pioblems involved Making a small hole m this mannei may 
be fi aught with dangeis because it involves sticking into the 
vestibule a shaip mstiument which could punctuie the utucle 
and so mjuie peimanently the endolymphatic system, also, 
the heaung i esults following such a pin-point peifoiation 
vould moie than likely fail to be permanent 

If the initial attempts to restoie a noimally-opeiatmg 
ossiculai chain thiough mobilization of the ossiculai chain 
fail, it appears, when all factois aie consideied, that one 
should, foi the patient’s sake, lesort to the now-pioven fenes- 
tiation opeiation despite the vanous othei mechanical pos¬ 
sibilities 

Something should be learned fiom past expeuence, but 
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quencies and the demonstiation of a negatn e Rmne with the 
500 and 1000 cycle tuning forks 

2 A bone conduction thieshold not lowei than 40 db m 
the speech frequencies 

S A speech discrimination scoie with PB woids not lowei 
than 75 pei cent 

4 Unilateral cases, if eaiefulh confnmed by Webei latei- 
alization, by quantitatne masking and bj Baiany noise 
maclime masking, providing that tlreie is an expectation to 
reach the 30 db level, thus giving that patient the possibility 
of lestoiation of binaural heanng 

5 It is piettv much oui unanimous feeling that the pool 
eai should be done fust 

6 In geneial we do not uige oi lecommend simultaneous 
bilateial surgeiv 

7 The choice of time foi the second eai should be seveial 
months, about foui months latei at least 

These lepiesent oui feelings about minimal lequnements 
for pnniary surgeiv 

Now as to levisions in geneial, chances foi impio\ement 
aie best •with the fust opeiation and become consideiabh 
less with successne leopeiations 

The suigical observations of the suigeon at the time of 
the fust opeiation aie often ciucial m a decision legaidmg 
revision (Fiom heie on theie appealed quite a diveisitv of 
opinion about revisions, and I am going to give them to vou 
as we discussed them ) 

a Some on the panel felt that disiuption of the ossiculai 
continuity at the initial operation would be a contiamdication 
to furthei suigeiv 

b Otheis felt that such disruption would not conti aindicate 
Tension attempts bi the use of newei techniques 

c Some adnse revision if theie was no improvement at 
the first opeiation, if the suigeon feels that a newei tech- 
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fiee, and one boidei is fiee fiom fixation but the antenoi 
ci us is hopelessly involved m the otoscleiosis and the postenoi 
ci us is also slightly involved At one point it is touching on 
the otoscleiotic mass and is slightly fixed Heie the problem 
would be to get this fiee paid: of the footplate mobilized and 
also to get the iiostei 101 cius free without causing a fiactuie 
wheie it is involved by the otosclerosis It is questionable 
whethei this could be done successfully 

The third slide, from Di Keeler’s case shows a diffeient 
situation This footplate is completely fixed all the way 
aiound the circumfeience The otoscleiotic mass involves the 
footplate so that to mobilize this footplate it would be neces¬ 
sary to go through fairly active aieas of otoscleiosis This 
would lequne some method of mobilizing the footplate, wheth¬ 
ei by chisels 01 by whatevei method the opeiatoi might prefei 

The next slide fiom the opposite eai of Di Keelei’s case 
is somewhat similar This is also completely fixed all aiound 
the cucumfeience, and the otoscleiosis extends into the foot¬ 
plate The ciuia aie not too bad, although one cius is exten¬ 
sively involved by otoscleiosis This would certainly lequne 
some method of attack on the footplate in ordei to have any 
chance of success The method of attack might vaiy with 
the particulai opeiatoi 

Moderator House Di Victoi Goodhill, will you discuss 
the selection of cases foi mobilization > Have oui thoughts 
regal ding selection changed any m the last few yeais ? Please 
discuss this pioblem fiom two standpoints Fast, the in¬ 
dications and selection foi the initial opeiation, second, the 
indication foi levision of the initial opeiation 

Victor Goodhill, M D , (Los Angeles, Calif) These iec- 
ommendations lepiesent the composite views of the panel 
Theie are occasional exceptions to all of these statements, 
depending upon the judgment and expenence of the individual 
suigeon 

Minimal lequnements foi selection of candidates 

1 An an bone gap of at least 25 db m the speech fie- 
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the event that mobilization attempts tiansciuially aie not 
successful and befoie fiactuie of the ciuia has oecuned 
The othei half of the panel pioceeds dnectlv to the footplate 
using picks, chisels 01 othei mstiuments applied to the mai- 
gms to loosen it and obtain mobility All membeis of the 
panel agiee that m woikmg on the footplate anv perforation 
that opens into the vestibule definitely mci eases the dangei 
to the labMinth Dehbeiate antenoi ciuiotomv, as descnbed 
by Fowlei, is utilized m occasional cases bv membeis of the 
panel, but m the majority of cases an attempt is made to 
mobilize the entue footplate 

In concluding on the technique of this opeiation I would 
like to make a little statement, which was suggested to me 
bv Jim McLaunn, that theie aie two opeiations foi otoscle- 

10S1S 

Moderator House May I mteiject just a moment befoie 
vou get to this second part, by asking j ou \ 0111 second ques¬ 
tion’ 

Dr. Shambaugh Yes, indeed 

Moderator House What aie the thoughts of the panel on 
fenestration of the footplate as descnbed by Di Eosen’ 

Dr Shambaugh At this time the majority of the panel 
membeis believe that a dehbeiate fenestia in the footplate 
without communicated mobility fiom the tvmpamc membiane 
to the mobilized footplate, 01 fiagment of footplate, m all 
piobabihty will not pioduce a lasting satisfactory level of 
hearing impiovement 

Nov may I make that last statement, that theie aie two 
operations available foi otosclerosis’ One is the fenestration 
operation and the othei is the "fiustiation” opeiation, fius- 
stratmg because of the unpiedictabilitv of its lesults 

Moderator House Thank aou, Di Shambaugh Nov I 
vill call on Di Kos (Theie is anothei place you might use 
the woid “fiustiation ” That has to do with attempting to 
anne at statistical evaluation of lesults m mobilization 
suigery ) 
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mque m his hands offeis hope foi mobilization, which did not 
exist at the fust opeiation 

d Some advise levision m any case if an initial lmpiove- 
ment legiesses at any time Otheis feel that such levision 
should be done only if the initial gam peisisted at least nine 
months Some felt that levision should be done only once, 
otheis, many times In conclusion theie was no true unanimity 
of opinion on all of these aspects of levision 

Moderator House Thank you, Di Goodhill I believe we 
conclude fiom this that we all agree on the indications foi 
the initial pioceduie, but again you can see appaiently theie 
is no unanimity of thought pertaining to tiue indication foi 
levision or on how many times the levision should be earned 
out 

Di Shambaugh is going to answei two questions that I 
will pose to him Fust, what major technique changes have 
occuned during the past two yeais m stapes mobilization 
suigeiy? 

George E Shambaugh, M D , (Chicago, Ill) Thiee majoi 
developments m technique have occuned since we fust as¬ 
sembled this panel One is the utilization of audiometnc 
testing dunng the opeiation m the opeiatmg 100 m This 
was employed by several members of the panel two yeais 
ago and is now employed by all members 

The second is the utilization loutmely of the opeiatmg 
micioscope to give a magnification of 10 to 16 times foi 
visualization of the footplate Two yeais ago the majoilty 
of the panel lelied upon two to two and one-half times mag¬ 
nification, and today all membeis of the panel agree that 
the opeiatmg micioscope is essential foi this suigeiy legaid- 
less of technique 

The thud development, wluch is laigely dependent upon 
the mcieased magnification of the operating micioscope, is 
the dnect attack upon the footplate At the piesent time 
approximately half of this panel start with the tiansciuial 
attempt at mobilization, eithei on the meus, on the neck oi on 
the head of the stapes and then pioceed to the footplate, in 
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of 30 db 01 bettei m the thiee essential speech fiequencies 
the spiead between us is l educed somewhat—the lange being 
25 per cent to 65 pei cent The aveiage of the gioup in this 
category is 42 pei cent Two years ago this figuie was 35 pei 
cent Foui of the participants achieved 42 pei cent oi bettei 
All of the lest, but one, stand very close b 3 r Two of the 
panelists hit this taiget with a closuie of the an-bone gap 
m every one of then cases The otheis langed fiom 13 pei 
cent to 70 pei cent The highest figuie m tins categoiv turn 
veais ago was 59 pei cent 

It is notable that those who have pei formed the most opeia- 
tions have m geneial piesented the moie modest statistics 
It may be that these panelists aie stuck with less desnable 
statistics because thev led the way tlnough the maze of un¬ 
certainties, and now having passed on then expenences have 
saved the otheis fiom falling into the inevitable tiaps of ex- 
ploiation I know that some of us have been expeiimenting 
m many ways with suigical techniques, and this is not always 
without its indebtedness to failuie 

Regiession of healing following a successful suigical lesult 
is always an unpiedictable bamei to peimanent impiovement 
Theie aie at least 12 recoided concepts of legiession fiom 
this gioup Theie may be moie It is difficult to leconcile 
the wnde spiead among us of the incidence of legiessions 
These lange from 4 pei cent to 32 pei cent The aveiage is 
15 pei cent, howevei, when one consideis that some of these 
paiticipants aie following patients whose opeiations took 
place three to five veais ago and otheis aie following those 
whose opeiations aie of less duiation, one possible explanation 
may be denved Time takes its toll of legiessions e\en 
though it be m deci easing numbeis 

Opeiations lesultmg in woise healing lange fiom 0 pei cent 
to 8 pei cent in this gioup, depending on at least seven defini¬ 
tions of what constitutes “healing made w oise ” The a\eiage 
is slightlv ovei 3 pei cent (about the same as it was two veais 
ago) This peicentage m 7,420 opeiations is piobabh ac¬ 
ceptable if no otliei complications aie involved, and accoid- 
mg to the statistics of this gioup it is not so seveie as it was 
once anticipated 
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I will ask Di Kos to descube to you some of these com¬ 
plexities of analysis, and then he will piesent to you oui le- 
sults during the past two yeais 

Di Kos, do these lesults look as though we aie gaming 
01 losing m our attempt to lestore healing thiough mobiliza¬ 
tion suigery 7 

C M Kos, M D (Iowa City, Iowa) I take this opportunity 
to thank each of the membeis of this symposium for coopeiat- 
ing so geneiously m piovidmg me with these data Since 
each has his own method of keeping lecoids it was not easy 
foi him to extiact the pi ease information lequested, but all 
of them made a valiant effort to comply Some nutations 
weie aioused One began eveiy leply to my inquiries with 
“Damn all questionnaires ” Another when he leached the 
limit of his patience suggested saicastically that if necessary 
he would wnte my papei foi me I wanted to accept his 
invitation Otheis stuck to the point m spite of having some 
leason to lebel and delivered without piotest 

I must give to Di Jim Shapley, our Director of Audiology, 
and to Mis lies, his able assistant, the entile ciedit foi 
handling the mfoimation received Had I followed then 
origmal lecommendations foi the questionnane, the entne 
job would have been easier, but my efforts to simplify a com¬ 
plicated task only compounded the difficulties, so Dr Shap¬ 
ley and Mis lies did the best they could to straighten things 
out We have lots of figuies, but to give them m detail would 
lequne moie explanatoiy notes than theie is time and space 
available, theiefoie a contiaction will be piesented 

The ten otologists on this panel, whose expenences lange 
fiom 105 to moie than 2,000 stapes opeiations, have pioduced 
an equally vaned spiead of lesults Togethei this gioup has 
perfoimed 7,420 suigical pioceduies to mobilize the stapes 
as of January 1, 1958 Two years ago the panel leported on 
1,091 opeiations Oui total successes, of at least two months’ 
duiation, lange fiom 25 pel cent to 74 per cent, depending 
on each individual’s ciitenon foi success Oui aveiage success 
accoidmg to these vanous standaids is 49 pei cent When 
success is piecisely defined as an aveiage puie tone thieshold 
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worse” we have agieed we mean moie than 20 db woise 
loss than the patients had befoie the opeiation Tlnoughout 
the panel theie weie only three dead labyrinths, and one of 
those occuired about a month aftei opeiation, suddenly and 
inexplicably Theie is a question whethei this dead labynnth 
had anything whatsoevei to do with the opeiation Theie 
was 1 pel cent of peisistent peifoiations Theie was a good 
deal of question m the minds of the panel whethei this should 
be listed as a senous complication 

Theie was no facial paialysis that was peimanent Theie 
weie three oi foui that developed a tiansient facial paialysis 
aftei the opeiation They recovered, and this was annoying 
but not senous 

Theie was annoying peisistent vertigo m thiee-tenths of 
one pei cent Theie was a great deal of question about the 
choida tympam m the letteis wntten to me I could sum- 
rnaiize the ideas of the panel as follows In geneial it was 
felt that stietching the choida tympam haid was woise than 
cutting the choida tympam Some of the panel felt that anv 
injury to the choida tympam was a senous mattei, and all 
thought it should be avoided if possible 

I have just discussed with vou the complications that weie 
suffeied by those on tins panel Tlnoughout the country the 
story is quite different Theie are seveial cases of permanent 
facial paialysis Theie aie seveial dead labyrinths Theie 
aie a few very annoying chiomc otitis medias One case 
developed mastoiditis, w Inch could not be conti oiled and which 
eventually developed a base of the skull syndiome He is still 
alive but has a paialysis of the neives that go thiough the 
jugulai foramen, the Vlth nerve and I think the Vth At 
any late he had an extiaduial abscess at the base of the skull, 
and the patient is alive, I am sui e, only because of liai d woi k 
and chemotheiapy 

Fmally, I would like to mention that theie have been tno 
deaths, one fiom staphylococcus labynnthitis followed bj 
meningitis, which was not conti oiled with the most heioic 
therapy and opeiation The othei—this case thought to be 
a hospital staphylococcus that was resistant to all chemo- 
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Oui expeilences of the past two yeais indicate that signifi¬ 
cant piogiess has been made m stapes mobilization We aie 
now awaie that legiessions continue to 10 b us of some of this 
piogiess and these aie likely to become oui pume taiget foi 
investigation m the yeais to come 

The expei lences acquned dui mg the hectic penod of as¬ 
sembling these data point out the veiy important lequnement 
foi developing and establishing a common language to budge 
the conceptual diffeiences between us and otheis lepoitmg 
m this field Seveial of my colleagues have also made this 
plea Fifteen diffeient cuteiia foi success, 12 concepts of 
legiessions, and seven definitions of what is “healing made 
woise’’ call foi confeiences designed and conducted to lesolve 
these disci epancies 

Moderator House Thank you, veiy much, Di Kos 

You have my sympathy and I am suie the sympathy of Di 
Goodhill, because the two of us, m Los Angeles, got togethei 
befoie the Montieal meeting and attempted to go through 
this maze of mfoimation m an attempt to determine the ie- 
sults at that time, and you can see we weie successful m 
convincing Di Kos that he should fulfill his teim of duty on 
this occasion 

Now I will call on Di Fowlei, are any significant compli¬ 
cations veiy fiequently found m stapes mobilization suigeiy 9 

Edmund P Fowler, Jr., M D (New Yoik, NY) I am 
somy to leport that this panel is no bettei sending sta¬ 
tistical matenal to vie than they weie with Di Kos, as a 
mattei of fact, I think they weie woise Perhaps I did not 
woik as haid at it as Di Kos did, but theie was no way m 
which I could put figuies togethei, that would give you any 
idea of the complications of mobilization suigery m a sta¬ 
tistical fashion I believe it is most important to emphasize 
that the panel had about 3 pei cent of cases that weie made 
woise, as just leported by Di Kos 

You also notice that he mentioned that this lan between 
0 and 8 pei cent He did not point out that of the 3 per cent 
only a half of one pei cent weie seveiely woise By “seveiely 
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so confined, m which msti umentation is so extiemelv limited, 
m which tlie stiuctuies must lemam in situ, m which the 
suigical efforts mvolve a diseased aiea, and m winch nothing 
is lemoved, so that the diseased focus lemams’ When bone, 
whethei otoscleiotic 01 not, is bioken 01 cut tlnough, I would 
assume that Natuie’s lepaiative piocess would soonei 01 latei 
take place, and it does m many cases On the othei hand, 
the fact lemams that lepan does not always occui, and theie- 
by seems to lefute my negative assumptions Since my topic 
is concerned with the piospects of stapes suigery, I must at 
this point declaie that just as the pioblems of fenestiation 
surgeiy weie solved, these stapes pioblems will also be solved 

A notable obseivation has been that many patients have 
leached a level of healing to a degiee that is attained less 
often by fenestiation The joy of both doctoi and patient 
following a bulhant lesult with stapes mobilization is not 
infiequentiv tempeied by the disillusionment of ultimate 
failure, 01 if not m failuie, m at least a recession of the 
heaung fiom the high degiee of initial lmpiovement The 
lecession may occui not only in seveial weeks but as late 
as 20 months afterwaid 

To my lecollection, nevei in the history of otology has 
there been the development of so many techniques as m stapes 
mobilization The eaily enthusiasm foi this opeiation stimu¬ 
lated the dormant inventiveness of many otologists through¬ 
out the woild, and the most intricately designed instruments 
have appealed and disappeaied Foi the present I do not 
iavoi mobilizing the stapes by mechanical means I believe, 
as Rosen does, that the mobilization is best accomplished by 
the sensitiveness of touch and the conti ol of piessuie in the 
suigeon’s fingertips, and foi this reason, in my opinion, no 
mechanical mstiument, at piesent, can be substituted 

The piospects of stapes mobilization aie tlueatened when 
any otologist declares that a piomise may be made to the 
patient that the heaung will net be woisened, and that if the 
attempt to mobilize the stapes should fail, the otologist can 
always lesort to the fenestiation proceduie This statement 
would be true more often if the otologist knew when to stop 
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therapy—is even moie distuibmg because of pneumococcus 
meningitis This patient seemed peifectly all light foi 10-15 
days, except foi a little suppuiation, which is not too un¬ 
common m the eaily cases, (even foi this panel) but suddenly 
a few days aftei his last visit to his otologist he developed a 
coma with a pneumococcus meningitis which was not con¬ 
trolled by chemotheiapy and he died 

Moderator House Now I should like to call on Di Philip 
Meltzei, who will give us some of his views pertaining to the 
past, the piesent and the futuie of stapes mobilization suigery 

Philip E Meltzer, M D (Boston, Mass ) It is my inten¬ 
tion to offei a woid of warning that the pioceduie of stapes 
mobilization should be undei taken with a complete awaieness 
of its pitfalls 

This opeiation has filed the imagination of otologists 
throughout the woild, and aioused m the mind of the layman 
a leaction bumming with hope foi the alleviation of deafness 
So many pioceduies for stapes mobilization have been devised 
that the time has come for a discussion of their rationale 
It has nevei been denied that the lestoiation of the ossicular 
chain as a mobile unit foi sound tiansmission is not valid, 
theiefore, this opeiation stands on firm ground Whethei or 
not a stapes once hbeiated will continue to lemam so, and 
which of the many pioceduies will accomplish this most 
often and peimanently, aie questions to be discussed at sym¬ 
posia of this kind 

I have obseived the technique of some of the most piacticed 
suigeons of this countiy, and my cutical evaluation of this 
opeiation and my queues foi the futuie aie based on what I 
have witnessed, and my own expenence 

In fenestiation suigeiy we aie confionted with seveial 
pioblems Seious labynnthitis and legeneiation of bone in 
the fenestia aie chief causes of failuie Suigical access to 
the cutical aiea foi making the fenestia was not too difficult, 
and, as you aie well awaie, the continued advance m tech¬ 
nique practically msuies the success of this opeiation m well 
selected cases, but what can we look foiwaid to, anatomically 
and suigically speaKing, in the legion of the stapes—a legion 
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to how it feels to have started all tins stapes surgery On 
Apul 2, 1952, while I was testing a patient to see whetliei 
Ins stapes was rigid enough to ha\e the Lempert operation 
I mobilized the ngid footplate of tlie stapes bv pressme on 
the neck and the healing miproved immediately That patient 
still has normal hearing I think that had I oi anyone else 
like Rip Van Winkle, gone to sleep on Apiil 8, 1952, and 
awakened today to hear tins panel and see the beautiful 
demonstration of middle ear structuies by Dr Hough, he 
would feel that a ieiv pleasant dream had indeed come true 

It is \erv impiessne to heai Di Meile Lawience give us 
some understanding of the mechanism by v Inch hearing is 
lestoied bv my fenestia ovalis pioceduie 

I would like to show one slide to denionstiate whether it 
is possible to hate lasting improvement following fenestra¬ 
tion of the o% al window Of 141 successful cases, eight or 5 7 
pei cent, hate legressed partially 5 per cent ha\e regiessed 
completely and the numbei that ha\e maintained the healing 
impiovement is S9 3 pei cent of these 141 cases We luue 
data on 72 of these successful cases foi peiiods of tlnee 
months to a veai, on 57 cases foi periods of one to tv o 
years and m 12 cases the hearing has been maintained foi 
periods of two to tlnee veal's 

I should like to sa\ to this entile Society that I was viong 
when I said that tins was a simple operation I would like 
to eiase that from the minds of all of vou It is not simple, 
and as time goes on it becomes moie exacting 

Moderator House We will now call upon oui official dis- 
cussors to gi\ e us three oi four minutes of discussion of then 
experience, whethei they agree oi disagiee with those on the 
panel, or gne am newer thoughts they might ha\e to offei 
at this time m then opinions of mobilization suigerv during 
the past two yeais Fust, I will call on Di Bellucci of New 
Yoik 

Rickard J Beluccci \I D (New York NY) I am sure the official 
discussers are privileged on this occasion as the' are not limited to dis 
cuss onl' Dr House s one question 

I ha\e two or three points I would like to make first in our ex 
perience In order to obtain a consistent!' satisfactor' inipro'ement in 
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m his desne to fiee the stapes, and ceased to puisue tiauma- 
tizmg techniques that may pieclude the fenestiation opeiation 

I now want to discuss the delicate and conti oveisial issue 
of the otologist’s qualifications foi the peifoimance of this 
type of suigeiy The stapes itself is so vanable and fiagile 
m stiuctuie, so loosely united with the incus, and so deeply 
placed m the fossa m such close lelationship with the facial 
neive, that this aiea is particulaily vulneiable to accidental 
injuiies and fiactuie, m the hands of even the most competent 
suigeons Just as the casualties of bad fenestiation suigeiy 
have been obseived ovei the yeais, we aie now obseivmg the 
casualties of bad stapes suigeiy The suigeon who is tiamed, 
but mexpenenced, should not even considei attempting this 
pioeeduie without fust obseivmg and learning in the most 
painstaking mannei He must also be tiamed m clinical 
audiology as well as in all phases of tempoial bone suigeiy, 
so he will be equipped to lendei a complete seivice to his 
patient 

It is easy foi me to stand befoie you and make these stipu¬ 
lations, but wheie is a man to get this kind of tiaming’ That 
is a pioblem that those peisons in chaige of lesidency tiam- 
mg piogiams must solve by piovidmg the tiaimng that will 
msuie competence Pei haps anothei solution will be that the 
moie expenenced otologists will act as pieceptois in then 
pnvate piactices, 01 that teaching institutions will piovide 
couises foi qualified men 

Each one of us should examine his conscience to deteimme 
whethei we aie honestly equipped to perfoim the delicate 
maneuveis mandatory foi the pioeeduie of stapes mobiliza¬ 
tion Then and then only can we give to the patient the type 
of caie that is so ughtfully expected of us 

Moderator House Now I will call on Di Sam Rosen to 
tell us of any comments that he would like to make legal ding 
this woik Furthei, I would like to ask Di Rosen this one 
question, how does it feel to have stimulated all of this In¬ 
tel est m otoscleiotic suigeiy’ 

Samuel Rosen, MD, (New Yoik, N Y) (Closing) I 
don’t know quite how to answei Howaid House’s question as 
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for the mobilization operation Here is one where the facial nerve and 
the promontorv have reduced the oval window niche to a slit and the 
footplate is of course not visible This case is anatomicallv unfavorable 
for mobilization operation 

(Slide) Where there is a large otosclerotic mass involving the whole 
footplate mobilization is a difficult procedure and I believe fenestration 
is the procedure of choice 

(Slide) Here where both crura are affixed bv the otosclerotic lesion 
even though the footplate is blue and does not show evidence of mfiltra 
tion the final result is usuallv not satisfactorv as the continuity of the 
ossicular chain cannot be preserved 

Moderator House I would now like to call upon Dr Frank 
Soor of San Francisco 

Francis A. Soor AID (San Francisco Calif) I would like to show 
vou verv brieflv four tvpes of cases that can we feel be confused in the 
pre-operative diagnosis of clinical otosclerosis 

Alanv otologists have been increasinglv concerned with the number ot 
patients seen in consultation who present ordinarv office puretone 
audiograms which are tvpical of otosclerosis but who on further studv 
or surgical exploration are found to have some other clinical condition. 

The excellent paper presented bv Dr Howard House at the American 
Otological Societv calling our attention to 26 cases of congenital anomalies 
of the stapes footplate simulating otosclerosis is one such condition 
wherein confusion might arise particularlv m children His finding on 
this svndrome in 1 per cent of his stapes mobilization cases is particu¬ 
larlv significant as is the fact that in most instances this can be estab¬ 
lished clinicallv before surgerv 

We feel that the time has now come to evaluate criticallv our conductive 
hearing losses in order to catagonze these patients into favorable cases 
and unfavorable cases and we are now putting our first 500 cases on 
punch cards in which over 500 items are indexed in order to evaluate 
various pre-operative tests in the hope that a more accurate prognosis 
can he made bv means of more complete preoperative testing 

Four patients illustrating diagnostic problems are presented 

I Congenital Stapes Anomalies 

This seven y ear-old bov (see Fig 1) was recognized as an anomalv 
preoperativelv by the presence of hand deformities and was successfullv 
treated In the premobihzation period bv fenestration 

II Unilateral Complete Hearing Loss inth Inadequate Hashina 

Fig 2 shows the usual unmasked office audiogram in this condition 
nhile Fig 3 demonstrates the effect of masking at the usual maximum 
of 50 db with the ordinary audiometer Fig ■} reveals the true audio- 
gram when masking is carried out at levels of ‘>0 db under research 
conditions using white noise or sawtooth masking Since manv audi 
ometers provide only 50 to 60 db of masking this is a real problem 

III Use of Psvcholaah ante Shin Reflex Audiometry (PGSR) 

Fig. 5 shows the audiogram of a five-y ear-old girl who was referred 
for stapes surgerv on the basis of PGSR testing onlv Subsequent studv 
bv conventional methods using an audiologist trained in children s testing 
reveals a pure perceptive loss (see Fig 6) 
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hearing the continuity of the ossicuiai chain must be maintained, 
therefore, techniques which depend upon the strength of the crura for 
mobilization have been discarded, and ail forces are applied directl} to 
the footplate at the point of maximal fixation With the microscope and 
with direct visualization of the point of the needle it is possible to obtain 
visual as veil as tactile control 

We have done considerable experimental work on animals, have frac 
tuied the footplate, have removed the stapes from the oval window and 
a varietj of these operations We have found that considerable tissue 
reaction occurs following trauma to the oval window, and ne have ex 
perimentally induced stapes fixation by these traumatic procedures We 
believe that mobilization of the stapes operation should be done with the 
least trauma to bone and mucosa This operation should be a gentle 
procedure done carefully and slowly, exploring the weaknesses in fixa 
tion which will permit mobilization by the simplest means A very care¬ 
ful pre-mobilization evaluation of the pathology, therefore, is required 
before mobilization is attempted By this pre-mobilization examination 
we are able to understand the pathology and to modif} the technique 
of mobilization accordingly In using the simplest means of mobilizing, 
trauma to the stapes and footplate is reduced 

If we can leave the Joint and the stapes mobile and as normal as possible 
we believe we have achieved our goal I believe that excessive trauma 
will certainly induce refixation 

I would like to show’ the classification we use as a guide for stapes 
mobilization 

(Slide) We have devised a classification based on the anatomical 
and pathological findings, the degree and position of the otosclerosis at 
the footplate This is Class I the characteristics of this Class I can be 
summarized as follow’s Show no narrow'ing of the stapedial vestibular 
joint, the footplate is blue, palpation of the posterior end re-veals 
motion, and palpation of the anterior end reveals that tlieie is some 
degree of fixation, 36 per cent of the cases studied w ere found to have 
the characteristics of Class I It is obvious here that anj technique will 
mobilize this type of fixation, however, we placed the needle point right 
at the junction of the crus and the footplate Slight pressure usually 
causes mobilization 

(Slide) Class II the characteristics of Class II are narrowing of the 
stapedial vestibular joint but not involving the anterior crus or then it 
mav be the posterior crus The footplate is blue, due to the flexibility 
of the stapes slight motion can be seen on palpation at one end of the 
footplate In this slide at the anterior end there is definite fixation 
Sometimes the footplate is involved as shown In this group we find 
the most difficult} as it requires the application of the mobilizing forces 
directly to the point of the otosclerotic fixation having to go through the 
lesion and causing some degree of trauma We theiefore have the highest 
rate of refixation in this type of case There were 41 per cent of these 
cases in our studv, which means that the largest group belongs to this 
Class II 

(Slide) Class III is advanced otosclerosis involving the anterior crus, 
the footplate and the vestibular wall Only 14 per cent of the cases were 
found to be in this group Mobilization in this group of cases is done 
by means of the anterior crurotomv of Fowler where the lesion is cir 
cumvented Part of the footplate and one crus operate together for the 
transmission of sound to the oval window The anterior crus is divided 
above the otosclerotic lesion at this point 

(Slide) In Group IV we have the group of cases which are unfavorable 
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immediate postoperati\e le'el of hearing and No 3 the red line the 
postoperative level of hearing after two months showing an improve¬ 
ment in the conversational range but a sharp drop in high tones this 
suggested possible damage to the inner ear bv the footplate manipulation 
When I returned home from this meeting about a month later I receired 
a call from this man in which he stated that his hearing had completely 
disappeared in the operated ear Audiograms were done and confirmed 
that there was a complete loss of hearing (slide) 

Non in this case a hole was inadvertentlv made in the center of the 
footplate What then might happen if one uses the technique as 
demonstrated bi Dr Shea in his motion picture in which it appears that 
a hole is intentlonalh made in the center of the footplate’ An occasional 
dead” ear is bound to result furthermore alterations in the mem 
branous labyrinth, as illustrated in the following cases, may occur 

In two patients additional complications of direct stapes footplate 
manipulation w ere rerealed in subsequent labi rinthine fenestration 
operations In one case (slide) when the cupola was removed the 
membranous canal lias shriveled into a brownish flat thread hugging 
the upper margin of the bom canal in the other (slide), a thin 
brown membrane suspended from the margins of the fenestra like a 
hammock dipping into the cavern of the bom canal was present The 
status of the membranous canal below this was not determined as this 
thin coagulum was not disturbed Fortunatelv both of these patients had 
a good hearing result fortuitous no doubt when one considers what was 
found in each Instance As Dr Meltzer has stated the patient usuallv 
is told that if his stapes operation fails he still has the opportunitv 
of gaining hearing by a subsequent fenestration procedure In the light 
of the experiences of these two cases one must be conseriative in foot 
plate manipulation to permit the maximum chance of success for a pos 
sible fenestration operation This should be a cautious circumferential 
manipulation of the footplate instead of a hole-punching type of pro¬ 
cedure 

Two rears ago I stated that it was unw ise to proceed w ith a lab' 
rinthine fenestration at the same operation if it appeared that the 
stapes mobilization was a failure Nothing has occurred in the past two 
'ears to cause me to change this opinion 

Moderator House I would now like to call on Di Schu- 
knecht 

Harold F Schukvecht J1 D , (Detroit Jlich ) I will limit mv dis 
cussion to a brief description of mv present technique and to an explana 
tion of why I belie'e it is a rational approach It should be evident to 
evervone b\ now that it is not an eas' surgical procedure and that it is 
not free of complications In about 400 operations I have three patients 
with near total deafness in the operated ear One of these resulted 
from simple trans incudal mobilization one from chisel mobilization 
and one following the use of the metallic stapes prosthesis 

I agree that patients must be told that there Is a danger that the 
hearing can get worse The results are good enough nonetheless to 
justify recommending the operation after proper!' informing the patient 
of possible complications and the chances for success 

I use the direct footplate approach using the Heermann chisels In 
ni' opinion these chisels are best used bv holding them in the fingers 
_Light_to_heayw hammer blows are given as necessarv to go through the 
otosclerotic focus when possible If that falls an incomplete footplate 
mobilization Is accomplished 
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IV Collapse of Ear Canal Due to Headset Pressure 

Pig 7 shows consistent puretone and speech tests in a 26 year old gill 
whose response to spoken voice was somewhat better than her audiogram 
PGSR testing (see Fig S) suggested usable hearing in her left ear 

Stapes mobilization revealed otosclerosis in the right ear with a gain 
of 32 db in this ear after she was tested bj holding the headset a fraction 
of an inch awav from her ear (see Fig 9) A similar test on her un 
opeiated ear revealed a gain from 51 to 29 db This phenomena, which 
has been described by Scott Reger is non called the Viehweg syndrome 
in our laboratoiv after the audiologist who discovered two such cases 
in lecent months 
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Moderator House Dr Scheei was not able to attend the 
meeting I will now call upon Di Shnley Baion 

Shirlet H Babon, 1ID, (San Francisco Calif) Two veais ago in 
the discussion following the symposium, I presented two cases one 
demonstrating the advantages, and one representing one of the possible 
disadvantages of direct footplate mobilization 

(Slide) This was the case I presented as the one shoving the dfs 
advantages of footplate mobilization This patient had violent vertigo 
immediatel> following surgerj The vertigo persisted for four da vs 
There was some loss of balance or dizziness for about siv weeks after 
surgerv I presented this same slide showing No 1, the black line 
which was the pre-operative level of hearing No 2 the green line the 
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3 Deep focus Fixation of the stapes may be due to a deep focus "Inch 
has grown onto the under surface of the footplate No visible evidence of 
the otosclerotic focus ma\ be present with am magnification when •viewed 
from our surgical approach vet the stapes ma\ be fixed to yarning 
degrees of slight to marked as judged bv the application of pressure to 
the head or footplate of the stapes 

.) Combined foci Anv or all of the aboye types of foci ma\ be combined 
depending upon the extent of the otosclerotic im olvement The combined 
tvpe is usuallv massive in character and usuallv results in firm fixation 
yhich does not vield to mobilization with our present technique 

It is our belief that appropriate attempts should be made to mobilize all 
fixed stapes In acceptable candidates regardless of the appearance of the 
otosclerotic focus If mobilization techniques fail or if refixation occurs 
acceptable candidates are then encouraged to have fenestration surgerv 

Moderator House Now, Di Sullivan 

Joseph Snxrvav 1ID (Toronto Can ) We hate been stampeded and 
somewhat mesmerized hoy ever I congratulate the panel on its frankness 
and honestv particulars the summation of the remarks of the panel 
bv Dr Meltzer I think that the remark of Merle Lawrence will be 
yalldated in the future Coupling that remark with the excellent con 
tribution of Dr Hough and to which Dr Soov referred todav this pro 
cedure may resolve itself Into an approach of congenital malformations 
of the middle ear lather than the moderatelv severe otosclerotic 

From the Epistle of St. James the 1st Chapter Verses 11 20 21 Let 
even man be swift to hear slow to speak and slov to -write 

I believe I must emphasize that latter phrase brieflv I make a plea 
for a uniformlt\ in terminology correct In basic English namelv stapes 
mobilization with a mental resenation that this term may not be entire]' 
accurate 

Three surgeons Dr McAsLile Dr Smith and m'self have evolved a 
technique and this was written before the panel remarks came for 
stapes mobilization which in a series of about 500 cases is yielding a 30 
db or better level of hearing in about -50 per cent of the cases for one to 
four months following operation for cases suitable for fenestration 
There are exceptions thev are fey In number Roughlv half of all our 
mobilization cases fail to achie'e a hearing improvement comparable to 
fenestration yhile about 3 5 per cent of all mobilizations end up yith 
a further hearing loss of significant degree 

We believe four factors should be emphasized In this procedure 

1 The use of the operating microscope is essential for the best constant 
result and there the most important question has been answered yhich 
I had intended to interject to the panel can a fenestration alyavs folio" 
a non successful stapes mobilization - ’ 

2 Direct visualization of the footplate is necessarv and I hereby insert 
a "ord of caution In spite of what has been said after nearly 30 'ears 
experience in temporal bone surgery that footplate perforation is not a 
fenestration it is a primary procedure It is frequently folio" ed by 
failure and early closure and is not yvithout danger Mould someone on 
the panel venture an opinion pertaining to the question about the per 
sisting vertigo and is labyrinthitis in such a patient a condition "here 
revision of the patient may be attempted 7 

The use of pressure direct!' inwards towards the vestibule should be 
the principal attack in attempting mobilization and it is used onl' on 
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In about 3 per cent of cases, the oval window is filled -with a plaque 
of haid otosclerotic bone, and a successful mobilization cannot be accom 
pllslied With the direct footplate techniques the footplate is sometimes 
comminuted, the bluish thin poition is in pieces, and the cruia make 
contact either ■with these fragments or sit in a pool of perilymph The 
columella effect lematns and a good result is possible 

Eighteen months ago, I perfoimed a repeat opeiation on an unsuccess 
full} mobilized eai and replaced the previously fractured stapes with a 
tantalum wire prosthesis This patient y\as not a candidate for fenestra 
tion surger} because of poor bone conduction thresholds The tantalum 
}\lre tras looped and tightened onto the lentrcular process with tire otliei 
.end protruding through the remaming pieces of footplate into the 
restibule The patient acquired a good hearing improvement which has 
been maintained to the piesent time Since then, I hare used this 
technique on about fifty patients 

Whenever the direct footplate appioach fails to result in a satisfactory 
columella effect because of crural injury, the tantalum or stainless steel 
pin” can be used to reestablish the “columella ” Often I remove the 
head, neck and crura of the stapes The pins are made of 005 inch 
suture wire shaped into a small "question mark” of suitable size with 
or without a small “ring” at the bottom The length of the "pin” is such 
that when the loop is tightened on the lenticular process, thejiistnl “ring” 
is in contact with the fragments of footplate 

I now use the pin in oret half of all mobilizations and am convinced 
of its efficacy 

Moderator House Now I should like to call upon Di Fiecl 
Guilfoid 

Fuldeiuck R Girmorm, MD (Houston Texas) We do not believe it 
is possible with our present knowledge to classify a stapes as to its 
possibility for mobilization by the appearance of the otosclerotic focus 
present It has been out experience that the examination of the oto 
sclerotic focus alone during the stapes mobilization operation, yyitlr our 
present methods using magnification of from 6 to 25 power, does not give 
us adequate information concerning the possibility of its mobilization 

The relationship of the plane of the otosclerotic focus to the plane of 
the footplate as y'ell as the extent of the otosclerotic involrement are 
important factors which may goyetn the possibilities of surgical nrobiliza 
tion of the stapes 

The relationships of the otosclerotic focus to the level of the footplate 
may be glyen a suigical working classifcation ns folloyys 

1 Superficial focus The main body of the focus is above the ley el of 
the footplate Impingement of the focus on the antei ior crus or onto the 
superior surface of the footplate may be the cause for the fixation A 
focus or this type may be quite large and yet the stapes can be leadib 
mobilized At times the yvlrole superficial focus mobilizes yvith the stapes 

2 Intelstitial focus In this type of imohement the fixation is due 
to a focus yylrich apparently groy\s into the substance of the footplate 
yyithout marked oyergroyvtlr of bone above the ley el of the footplate In 
this type the yiliite otosclerotic bone can be seen extending from the 
periphery into the blue-giay footplate often giying the appeal ance of the 
gray yyhite arcus senilis seen in the cornea This type of fixation is 
often strong and rigid Mobilization effected in the presence of this type 
of inyolyement may be associated yyitli a linear fracture of the footplate 
parallel to the margin otoscleiotlc focus in the footplate 
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those that are obtained from fenestration, and the percentages of success 
from fenestration are infinitely higher 

Moderator House I would now like to call on Di Moses 
Lune of Boston 

Moses H Louie, MJ3 (Boston Mass ) I think this is the most stimu 
lating discussion that I ha\e heard on mobilization of the stapes but 
as I listened I suddenh became aware of the fact that it was not mobili 
zation of the stapes thej were talking about Thej vere talking about 
various operations on the vestibular part of the membranous labvrlnth 
Each man seems to have had his own idea how to approach and how to 
play with it Until ve get a standard method upon which we can all 
agree we are never going to get anv statistics We must know exactly 
what each man does and we must give each man s variation of the opera 
tion a definite place in this work There is no question in mv mind 
that mobilization will find its place It is just like the arguments that 
came up with fenestration I know all the vicissitudes and variations 
which ve went through and now are going through again 

I heard some statements which upset me a little bit One was, if vou 
are going to do bilateral mobilizations of the stapes wait four months 
I would wait a much longer time I would -wait over a year, because vou 
still hai e the possibility that vou mav give this patient bilateral deafness 
and one must alwai s respect the sensitivity of the membranous lab' rlnth 

I do not think the criteria of success are definite enough One talks 
about four months two months three months No case is a success 
In mi mind even in the fenestration cases that does not have good 
hearing at the end of one year After a year-then vou can start talking 
about success for mobilization The one thing I would like a good many 
of \ou to carrv awai with you today is as Dr Meltzer said that vou 
must practice this tvpe of operation I started to work with it and gave 
it up because I found that I could not accomodate my eves to this tvpe 
of work but there Is no reason why the ' ounger men cannot do it and 
carry on 

The other thing I would stress is the demonstration that Dr Laurence 
has given vou about what the drum and the ossicles do in regard to 
transmission of sound Remember, cracks in the footplate may give you 
good hearing for a short time, but vou are playing with a pathological 
process which vou have not stopped and which mav destroy all vour 
effort in one or two vears Then the patient will be back to "here he 
was originally 

Moderator House Thank you, Di Lune I should like to 
now call on Di Tonndorf 

Jueegen Ton\dobf MD (Iowa CIt' Iowa) When Dr Rosen asked 
me whether X would like to discuss the principles intohed in footplate 
fenestration I did not know uhat mv good friend Merle Lawrence had 
to sav on this subject Nov I feel a little embarrassed All that remains 
for me after his lucid presentation is to amplifi some of the points 

In trving to bring the acoustic task of the middle ear upon a simple 
denominator one might sa\ that this task is twofold first impedance 
matching second preservation of the phase difference betveen the two 
cochlear windows The latter for reasons of cochlear mechanics has a 
value of 180°, hovever I would like to point out in this connection 
that the wav nature has solved these two tasks is bi no means the onlv 



1432 


SYMPOSIUM STAPES MOBILIZATION 


the footplate or cruia at the very beginning and the end We test the 
mobility of the stapes by the lightest pressure on the incus and that 
sense of touch can be very well developed in animal experimentation on 
nerves Working on either side of the anterior crus, if possible is 
preferable not through the otosclerotlc focus, because this region has a 
tendencj to fracture 

Finall} a few woids of caution concerning the facial nerve There 
may be a dehiscence m the facial canal as it luns along the upper 
maigin of the oval window so that the unprotected nerve sheath bulges 
in the oval window To quote Cawthorne, there is plenty more to do, and 
whether to push it or rock it, or pull it, or perforate it, or remove it and 
bypass it, the stapes desenes all the critical attention we are able to 
devote to it 

In conclusion, there are many arts among men, the knowledge of which 
Is acquired by experience For it is experience that causes our lives 
to move forward by the skill we acquire while the want of experience 
subjects us to the effects of chance 

Moderator House I am sure that these thoughts aie like¬ 
wise those of the panel Now we have had several who have 
indicated then desne to discuss this We have m mind also 
to call on a few more who aie not suie at the moment that 
they are going to discuss it, who have not turned m then 
caids Fust of all I will call on Di Theodore Walsh 

Theodobe E Walsh, MD (St Louis, Mo) There are just one 01 
two remarks I would like to make I agree with Dr Meltzer emphaticall' 
when he remarks about being honest with the patient and in telling the 
patient that he can not always have a fenestiation if a mobilization fails 
I agree that usually one can do a fenestration when a mobilization fails 
but not always 

I had a case which Illustrated this to my great sorrow A girl who 
was an ideal candidate for fenestration, a nurse, who needed her hearing, 
consulted me some three years ago She refused fenestration at that 
time and recently came back demanding the stapes mobilization She 
asked me, ' Suppose this fails, can I have a fenestration? ’ and I said, 
‘As a rule, yes, but accidents can alwajs happen, and we might not be 
able to do it I still advise a fenestration ’ 

She insisted on the mobilization, and we did it with the very greatest 
of ease This was an extremelj easy case, and the hearing on the table 
came up to the 15 decibel level, however, when I removed the drapes 
feeling very pleased with myself for having mobilized her stapes, she 
remarked that she was very dizzj 

She had no nystagmus but did remain extremel} dizzy, vomiting and 
unsteadj on her feet, and three weeks later had a completely dead ear 
She has not forgiven me 

I believe one should be very careful in all the work one does around 
the footplate It is ver} nice if one can mobilize a stapes easily, but if 
there is am chance of damaging the hearing bj excessive efforts at 
mobilization I believe one should quit and do a fenestration later In 
cldentallv I agree with Dr Sullivan when he says that the hearing 
results from mobilization are no better than the} are from fenestration 
In reviewing all our cases of both fenestration and mobilization there 
are verv few mobilizations that have a residual hearing level better than 
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Dr Kenneth M Dvr I 'would comment on the comparison of the heai 
Ing following fenestration and mobilization There must be a dozen 
patients upon whom I performed a fenestration some wears ago and hare 
recently mobilized the stapes of the other ear In half of these cases the 
hearing level in the fenestrated ear and in the mobilized ear is almost 
the same 

One of the patients happened to be a voung musician He has music 
in his fingers Discrimination scorers are the same but he said ‘ I like 
the first ear for music ” There is a little distortion in his mobilized 
ear Most of the patients upon whom I have done a mobilization on the 
second ear sav I mav hear as well in the mobilized ear but I seem 
to hear more clearlv in the fenestrated ear ” 

Is that due to traumatic labvrinthine reaction from working around 
the footplate 7 We are alwavs worried about trauma when we make a 
fenestra in the horizontal canal I wonder if this is not a case of more 
traumatic reaction in the cochlea bi working on the footplate than hack 
in the horizontal canal 

Moderator House Now w e Mill heai fiom Di Hoople 

Gordon' D Hoople. MD (Svracuse NY) This has been most interest 
ing There are manv things that one could sav but I want to confine 
mv remarks to one aspect of the whole subject and that is none of us 
should go awai from here thinking that we have the final answer on 
the chances of percentage of success Dr Kos has told us the reasons 
whv There Is a figure projected which shows 42 per cent as the derail 
results of all the panelists If I interpret the presentation correctlv this 
is the result of all their cases to the present time It includes some of 
the cases that were not suscessful in the verv beginning of mobilization 
surgerv I am afraid that it also includes some cases which the panelists 
have done In footplate manipulation which in three months six months 
a vear or more from now mav not have as good hearing as the' have 
reported at the present time 

I have some evidence which is not readv for presentation now that 
footplate work is spoiling some of the results of men who did not formerh 
attack the footplate One member of the Societ' who has spoken this 
morning stated at Philadelphia at the Midwinter Meeting that he had 
72 per cent successes in doing mobilization surger' hut in four months 
17 per cent of these had regressed to the former hearing level (These 
are his own figures Mavbe I have missed out b' one or two per cent 
but that is not the point ) I am not belittling him at all but this is 
success of an operation but not success in producing better hearing as 
far as the patient is concerned So we will have to wait a long time 
before we know what the results are and we must take into consideration 
the present rash of footplate manipulations I use that word advisedh 

Finall' I would like to sav one thing which I think most of us have 
forgotten The last word that was said in the panel two 'ears ago in 
Montreal was said b' the man who todav would be the President of this 
Society had he lived He himself was not a fenestrator but he said 
this 'I believe that this work should be done bv men "ho know 
fenestration surger' I leave 'ou to put whatever interpretation 'ou 
wish on his words but I want to remind 'ou that he said them 

Moderator House Notv v ith the passage of time I take 
this opportunity to letum to the panel foi am closing com¬ 
ments thet might like to make 
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yyay tins can be accomplished I would lllustiate this point with the aid 
of thiee slides 

(Slide) This first slide shows a schematic diagiam of the noimal 
middle eai Impedance matching is accomplished bj application of the 
transformer piinciple the large ear drum is coupled to the small 
footplate via the ossicular chain In the lower drawing a different 
approach is used, one yyhich is widely applied in engineeiing, the so called 
acoustic horn This horn accomplishes essentially the same that the 
ossicular chain does in the uppei drawing I admit that yyithin the 
limited space between the pinna and the window, a horn would be 
somewhat unsatisfactory at low frequencies that is below 500 cycles 

(Slide) Now we come to the second task the pieservation of phase 
differences In this slide I made up two theoretical cases which lepiesent 
two extreme solutions of the problem The first of these solutions con 
sists in doubling the ossiculai chain Noimally (the upper chain of this 
drawing), the eardrum and the oval window move in phase In the 
lower (hypothetical) chain the incus is assumed to pivot about its 
center so that the eardrum and the round window, to wTiich thiB second 
chain is connected move in opposite phases This way one wmuld obtain 
a drhe mechanism which engineers by a verj descriptive term, call a 
pushpull driye mechanism 

The other extreme solution would consist of shielding the lound 
window completely so as to produce an infinite impedance mismatch 
between the eardrum and the round window From the third drawing 
on this slide it is obvious that Nature does not use either one of these 
extreme solutions but makes somewhat of a compromise First, theie is 
a certain amount of phase shift through the ear drum This shift is 
maximal namely 90°, at 1500 c p s and smaller for all other frequencies 
being posithe at lower and negative at higher frequencies, thus the 
phase shift principle is operative to a certain extent The second prin 
ciple is the impedance mismatch The ossicular chain represents a solid 
coupling system yyhich has a high degree of energy transfer The other 
pathway eardrum to round yvindoyv, has a loyvei degree of energy' 
transfer fuithermoie the two yvindoyys are of different size the round 
windoyy being the smaller of the two Third (not shorvn in this schematic 
drawing) the eardrum and the round yvindow are not in an identical 
plane so that partial reflection might occur Of course this latter fact 
does not operate at low frequencies but it may become important how 
evei at fiequencies above 2 000 cycles 

(Slide) This last slide gives the reason vrhy Dr Rosens method of 
footplate fenestration is acoustically feasible Noyy both yvindoyys aie 
coupled to the eardrum in a similar fashion, hoyyever because of the 
fact that the yyindoyy in the footplate is so much smaller, yve have a better 
impedance match from the ear drum to the round w indoyy and a lesser 
impedance match to the windoyy in the footplate The assumption appears 
logical as Dr Lawrence has pointed out before that the relathe sizes 
of these windoyvs are yery critical Without haying done any measure 
ments or experiments along this line I yvould yenture to pi edict that a 
plot of amplitude of yydndow motion as size of the footplate yyindoyv 
yvould first increase and after going through a maximum it y\ ould go 
doyym again At this time, I am in no position to say anything about the 
degree of gain one might achieve by this method and of course it is 
completely out of my proyince to say anything about the probability 
of postoperatiye changes The only thing I would point out here is that 
this method is acoustically feasible 

MODERATOR HOUSE Di Day, may yy r e have youi comments 7 
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tion by one of mv associates in which the crura -were fractured at the 
same time the footplate was mobilized and vou will notice the further 
loss of hearing b\ air and the increase in the air bone gap due to 
discontinuity of the ossicular chain despite a successful mobilization 
of the footplate Tv\o years later the patient returned for revision At 
this revision a tantalum yyire as Di Schuknecht has described so nicely 
was placed between the incus and the center of the mobilized footplate 
nnd yve see that the air bone gap now has been reduced to somewhat less 
than 50 per cent of the pre-operative ley el Me have re-established the 
continuity of the ossicular chain and as Dr Lawrence has stated three 
times I think I would like to say for the fourth time for best results 
yve must have a continuity between the tvmpanic membrane and the 
moyable portion of the footplate 

Moderator House Thank you, Di Shambaugh Non 
may I call upon Di Kos foi any comments he might have 
m closing 

C M Kos 1ID (Iowa City Iowa) (Closing) "Well the figures speak 
for themselyes though not verv accurately for obvious reasons yvhich 
have been mentioned here several times I should like to emphasize that 
legardless of any other concept in connection yvith this operation at the 
present time it is essentially an exploratory operation It is exploratorv 
for two principal reasons—One is that there is no pre-operative or clinical 
clue on which one can hang enough confidence to predict yvhat the out 
come may be second there is no surgeon who can possibly accuratelv 
anticipate what he will find before he raises the tvmpanic membrane 

Moderator House Now Di Fowlei, befoie closing I 
Mould like you also to answei the question of Di Sullivan, 
namelv to comment a little furthei on persistent \ertigo 
following mobilization suigery as a complication 

Edmtwd P Fowler Jr WD (New Tork NY) (Closing) I think 
it is wise at this point to emphasize that the footplate can be mobilized 
in a number of ways This is my personal opinion and not held bv 
some on the panel and that is whv I left it to this time I belieye that 
as a rule the stapes (Slide 1) is mobilized by fracture through the 
footplate as shown in I IV or Y I also think that this is probably the 
best wav to mobilize the stapes ankylosed by otosclerosis because if it is 
mobilized through the focus as in II it seems to be the ideal wav to 
invite more closures 

(Slide 2) To ansyver Dr Sulliyan to a certain extent this is a 
section of the footplate of a patient in which an anterior crurotomy 
was done Inadvertentlv in testing the footplate a puncture of the foot 
plate occurred (betyveen the arroyvs) This patient died 15 months after 
the operation and vou can see that there is tsill a spicule of bone in the 
labyrinth (aboye arrow on left) There yvas no infection in the laby 
rinth I think that if you push this spicule of bone a little further that 
It can be pushed into the utricle or it can rest on the utricle and produce 
yertigo bv acting as an oyergroyvn otolith Unfortunately we are not 
always as lucky as we yvere in this case when theie is a hole in the 
footplate of this tvpe If there Is any Infection present in the middle 
ear it could get into the labyrinth through such a hole 

Finallv I would say that the size of the hole in the footplate m iv 
make a great deal of difference as far as subsequent hearing is con 
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Dr Lawrei<ce I don't believe that theie is any need for saying three 
times what I said, but I thank Dr Tonndorf for the amplification and 
would like to re-emphasize what the result will he, if one can re-establish 
the normal condition I leave the rest to the panel 

Moderator House Di Goodhill, I would like to ask you 
two questions one is m answei to Di Sullivan Can cases 
of peisistent, annoying vertigo be levised 9 

Dr Goodhill I have not revised any In answer to Dr Sullivan’s 
question as to whj the> happen I am quite sure that they are due to 
permanent displacement of utiicle, saccule, macula and fixation, by 
some kind of fixation in the vestibule 

Moderator House Aie theie any othei closing comments 
you would like to make 9 

Dr Goodhill I would like to make one comment in regaid to Dr 
Hoople’s statement I think he would be very happy to learn of the 
activities of the Committee of the Otosclerosis Study Group, which met 
here a day or two ago I don’t believe I am going to disclose any con 
fidences when I tell him that this committee, working up a report for the 
next meeting in October, has decided to eliminate three words in their 
recommendations for evaluation techniques for all types of conductive 
deafness surgery The first word is success, the second word Is perma 
nent, and the third word is total It will be our recommendation that 
neither of these three words be used in any reporting techniques 

It will be our further recommendation that all evaluations be reported 
In two separate categories, each category being reported for Class A 
Class B and Class C cases The first category will be the 30 db level 
This is important from the psychosocial point of view This is one 
method The other method will be evaluation in terms of the degree 
of closure of the air bone gap, and the word which we probably will use 
will be per cent improvement, or per cent closure, of the air bone gap 
The word ‘success” is out 

Moderator House Thank you Di Goodhill 

I should now like to ask Di Shambaugh foi any closing 
lemaiks, but before doing so I would like to ask him in view 
of out techniques what are his thoughts pertaining to mobili¬ 
zation of a patient who has been pieviously unsuccessfully 
fenestiated on the same eai 

Geo E Shymbauoh, Jr, MD, (Chicago, Ill) (Closing) We have 
attempted to do this procedure in a number of cases and all of them 
were failures Theoreticallj such a procedure, if you can also perform 
a m\ ringostapediopexy might be successful but in none of the cases that 
we have done it has there been am Improvement So we feel that this 
procedure is not of am -value 

In closing I would like to show a single slide if I might This slide 
emphasizes some of the fundamental phjsiology of the ear which Dr 
Lawrence presented so beautlfullv In the upper left see the patient s 
air bone His is the tipe of case classified as T>pe C because of poor 
bone conduction but with a good air bone gap The patient had mobiliza 
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cerned also the stiffness of the healing piocess Months later it can 
even be what the stiffness is later which produces the effects that 
were mentioned bj Dr Lawrence and Dr Tonndorf Finally the position 
and overhang on the round window ma^ also make a difference Until 
we understand these things we will not understand mobilization 



Slide 2 Histological preparation of a patient who had stapes mobiliza¬ 
tion (anterior crurotom\ and footplate puncture) 15 months before his 
death Fractured anterior crus is shown just behind the classical 
otosclerosis on the left and the fibrous closure of the hole In the footplate 
is seen between the arrows Above the arrow on the right is a spicule 
of bone which has dropped downward into the vestibule and below the 
arrow on the left is a bit of floating endostium Note that there Is no 
evidence of infection In the labjrinth 


Moderator House It is now my pleasuie to make a few 
closing lemarks on the subject 

Fust, Di Lawience has biought to this gioup his comments 
and descuption as to why these opeiations woik He has also 
made the prediction that in the eighties we will 1 etum possibly 
to the fenestiation opeiation m otoscleiosis I would like to 
comment that the fenestiation opeiation still offeis the very 
best chance of lestoiation of healing m suitable cases of 
suigical otoscleiosis 

Di Lindsay pointed out by means of histopathological ex¬ 
amination why footplate techniques are essential in some 
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Slide 1 Diagram of eight waja In which the perlljmph might he 
mobilized in \arious t> pes of mobilization procedures 
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The comments of Di Meltzei aie always highly valued 
foi then conservatism and the piospectives of the futuie aie 
well taken We glow with otology, with experience 

To Di Rosen we aie giateful foi his obseivations that 
have brought about this fine discussion today We are also 
giateful to him foi having pointed out that this opeiation 
is not a simple pioceduie, but indeed a complex one and not 
without the possibility of significant and senous complica¬ 
tions Di Rosen stated his experience with fenestiation of 
the footplate has been giatifymg in obtaining immediate as 
well as lasting impiovement in healing This was not the 
opinion as expiessed by Di Shambaugh Only time will settle 
this diffeience of opinion 

In conclusion I would say that we must continue with 
thoughts of conseivatism and an open mind Gieat piogiess 
is being made in all phases of otology thiough laboiatory and 
clinical leseaich The piogiess being made m stapes mobili¬ 
zation suigery has been piesented today 

I thank the panel, the official discussers, the othei dis- 
cusseis foi then contiibutions today, and the audience foi 
your kind attention 


AMERICAN BOARD OF OTOLARYNGOLOGY 

The American Board of Otolaryngology will conduct only 
one examination in 1958, and this will be October 6-9, 1958, 
m Chicago, Illinois, at the Palmer House 

For further information address Dr Dean M Lierle, 
Secy-Treas, University Hospital, Iowa City, Iowa 
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extensive cases of otoscleiosis I would like to make a plea 
foi all of us to supply these gentlemen doing histological 
woik with moie and moie specimens 

Di Goodhill conflimed oui indications foi the initial opeia- 
tion as piesented two yeais ago Theie has been little change 
in these indications He stiessed the necessity of umlateial 
masking to pi event the opeiation of stapes mobilization being 
done on umlateial peieeptive deafness He pointed out the 
indications foi levision He stated we aie not in agieement 
legal ding indications foi levision The gieatest help m this 
legald is to obseive and make accuiate detailed notes as to 
what was done at the initial opeiation Note at that time as 
to whethei 01 not you feel a subsequent levision is indicated 

Di Shambaugh told us that the techniques have changed 
These changes include the use of the micioscope, audiometiy 
in the opeiatmg loom, and moie dnect appioaches to the 
footplate itself Both Lawience and Shambaugh have stated 
that small peifoiations m the vestibule may impiove healing, 
but the lasting lesults of these pioceduies aie questioned at 
this time He pointed out that the fenestiation opeiation is 
piedictive The fiustiation opeiation (stapes mobilization) 
is not piedictive 

Di Kos told us that at Monti eal this panel had opeiated 
appioximately 1,100 cases Today this panel has opeiated 
7,400 cases The lesults he leported aveiage two months 
following suigeiy and he lepoited that 15 pei cent of this 
gioup had subsequently legiessed He mentioned that 49 
pei cent of oui cases leceived impioved healing Of these 
49 pei cent who obtained impiovement, 42 pei cent leached 
the 30 db level oi bettei It is the opinion of the panel that 
the incidence of legiession is gieatei as we woik moie and 
moie on the footplate 

Di Fowlei stated that thiee pei cent of the cases opeiated 
b\ this panel weie woise, of which one-half of one pei cent 
veie seveiely woise Included m this senes weie thiee dead 
lab\imths that occuned following stapes mobilization He 
also mentioned that otheis have lepoited two deaths and one 
extiaduial abscess following this suigeij 
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had man led the Demociatic 01 Populai dictatoi, Manus, 
died, he said m the funeial oiation 

“On hei mother's side Julia descended from the ancient 
Kings, on hei father’s fiom the Immoital Gods Themselves 
Hei mothei and my giandmothei, Mai eta, descended fiom 
Maicms the fourth King of Rome, while me of the Julian 
House tiace bach out ougm to Venus hei self In out family, 
theiefore, we combine the Dimne Right of Kings, who ate the 
gieatest among men, and the worship of the Gods, to Whose 
Powei even Kings must bow ” 

Though obviously pioud of his family and possibly not 
unmindful of his destiny, he was no idle boastei when it came 
to Ins own deeds as set out in his “Wai Commentanes ” It 
could nevei be said, howevei, that he hid Ins light undei a 
bushel, indeed, it would have been difficult so to do, as his 
gieat deeds would have shone out 

In view of his noble ongm, which included nearly all the 
Patncians, it might be thought that Julius Caesai would 
follow the Optimates, 01 Republican Party, which included 
neailv all the Patncians Instead he joined then opponents, 
the Populares, or Demociatic party, to which the middle 
classes gave allegiance In this, no doubt, he was influenced 
bv his uncle, Manus, who had been the leadei of the Populai es 
Aftei the eclipse of Marius when Julius Caesai was a youth, 
Sulla, the champion of the Optimates, came to power and 
dealt veiv severely with his political opponents Fortunateli 
foi the Roman Empne, the young Julius was left alone, 
though he had to tiavel abioad foi some time 

Despite the gieat caie taken to avoid any individual foim 
of dictatorship in the Roman State it giadually came about 
that political powei -was concentiated into the hands of a 
compaiativeli small group of Patncian families vho saw to 
it that thej dominated the Senate Consequently, many of 
the laws -which weie passed favoied the Patncian and land¬ 
owning classes Successful wais bi ought moie slaves into 
Roman hands, and these slaves went to swell the estates of 
the landowneis who were able to cultnate then land with 
cheap slave laboi Thus the smallei famieis could not com- 



JULIUS CAESAR AND THE FALLING SICKNESS * 


Terence Cawthorne, F R C S , 

London, England 

The idea foi this papei came when, some yeais ago, I was 
1 e-ieading Shakespeaie’s “Julius Caesai” at a time when I 
was piepaung an article on Memeie’s Disease In the veiy 
same scene, and sepaiated by but a few lines, the following 
statements aie made 

Juhus Caesar (who has been talking to Antliont about Cassius ends bt 
saying) "Come on im light hand, foi this eai is deaf" 

Then shortly aftei, in a discussion about Caesai between 
Cassius, Casca and Biutus, the lattei says 

‘ 'Tls very like he hath the falling sickness ” 

Now it has always been assumed that Julius Caesai suffeied 
fiom epilepsy, but unilateial deafness and the “falling sick¬ 
ness,” I thought, could mean Menieie’s Disease, so evei since 
then I have been lnqumng into the life and times of Julius 
Caesai, with paiticulai lefeience to his ailment 

As the 2,000th anniveisaiy of his death by assassination 
fell on March 15, of last yeai, it seems an appiopnate time to 
discuss his disoidei and to lecall his lemaikable caieei, which 
was bi ought to a biutal end by a detei mined band of his as¬ 
sociates, many of whom he legalded as tiusted filends 
Though he was the most poweiful and the most populai man 
m the civilized woild, and though it was fieely admitted that 
he had done moie foi the glory of Rome than any othei 
citizen, he had by his lemaikable and veisatile talents shown 
up the lack of ability m many othei s, earning the envy and 
malice of those aiound him whose ambitions weie so much 
gieatei than then often meagei abilities 

A Patucian by birth, Ins was one of the oldest and noblest 
Roman families, the Julians, and when his aunt Julia, who 

•Rend at the meetlnp of the Middle Section American Larj nftoloplcal 
Rhlnologlcal and Otoloeical Socletj Inc Philadelphia Pa Jnn 9 19B8 

Editors Note This manuscript receUed In The Inr\nproscope Office and 
accepted for publication Feb 27 1918 
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leach this post, which has been described as a “carnival of 
illegality and mob law, which made a fitting close to the 
whole of his demagogic caieei ” 

Once his Consulship was ovei he took ovei the pio-Consul- 
ship of the Gallic Piovmces, at the same time forming an 
uneasy alliance with the fmanciei, Ciassus, and the ev-soldiei, 
Pompey This was known as the Tnumvnate, and each was 
of equal Consulai lank and powei Caesar left foi his Gallic 
Piovmce, and it was 10 years befoie he letumed to Rome, 
having m the meantime conqueied the whole of Gaul, con¬ 
tained the Gel-manic hoides and invaded Bntian twice 

Despite Ins pieviously slight militarv expenence, Julius 
Caesar soon pioved to be an exceptional leadei in wai He 
was not only a gieat stiategist and military tactician, but he 
was also a leader of men Many was the time that he, pei- 
sonally, led his men into battle, and he was often in the 
thickest of the fight As an oiatoi and as a politician he was 
unequalled, and by sheei foice of intellect he could peisuade 
men to his way of thinking, equally well m committee, in the 
political arena and befoie a gioup of tiled and even lebelhous 
soldieis Even the eloquent though vacillating Ciceio, the 
silvei-tongued oiatoi, was compelled to admit that he had 
met lus mastei m Julius Caesai, but he nevei foigave Caesai 
foi this, and I believe that it was he, Ciceio, who was behind 
the plot to kill Caesai 

At the end of the Gallic campaign Caesai fought lus way 
back to Rome, fiom which his opponents, the Senate (headed 
by Pompey) had fled, and foui moie yeais of fighting m 
Spam, Gieece, Afuca and again Spam weie needed befoie 
he finally letumed triumphantly to Rome 

Duung the yeai that was left to him he laid the foundation 
of a new autociacy headed by a Soveieign to lule the Roman 
Empne m the place of the Senate and the people His names 
have been immortalized m the month of July, and m the title 
of Caesai, Czai and Kaiser He foigave his political enemies, 
and this was his undoing, foi they could not forgive him 

As a young man he uas undei sized and delicate, but he 
giew up to be vnile, tough and even licentious Though he 
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pete with this cheap laboi and sold then faims to seek then 
fortune m the Capital, adding to the numbei of the “hangeis 
on” and unemployed 

Successive political leadeis vied with each othei to gam 
populanty, and the mci easing inefficiency and conuption of 
both parties weie undei mining the State, so that the time was 
upe foi a man with that laie combination of ambition and 
ability to lescue the Roman Republic fiom the slough of 
conuption and selfishness which was thieatenmg to engulf 
it Though we know that Julius Caesai was the man to do 
this, it took him 50 yeais of pushing, bnbing, mtnguing and 
fighting to convince his contemporanes Even when he had 
succeeded, they could not foigive him, and despite all he had 
done foi them and foi the State, they muideied him, though 
they piefened to call it “tyianmcide ” 

This was a political blundei, foi Caesai was the one man 
who could have built upon the old foundation, a solid and 
woikable government His assassination involved the State 
m fiesh stiuggles and civil wars, until m the end it fell undei 
the supiemacy of Caesai’s hen and nephew, Augustus, who 
established a fai moie despotic lule than that which the so- 
called libeiatois had attempted to avert 

Bom m the yeai 102 B C , Caesai was, thanks to lus uncle 
Manus’ influence, given, of all things, a senioi leligious 
appointment as Flamen Dialis, at the age of 15 This gave 
him a seat in the Senate, but piecluded him taking an active 
pait in wai oi politics This did not last veiy long, and at 
19 he went abioad, gaming expenence in wai as an aide-de- 
camp and as an oiatoi and lawyei, fiom the leading teacheis 
in the Giecian Islands This included an episode at the Couit 
of King Nicodemus, lvhich latei on was magnified by his 
opponents into a homosexual scandal, howevei, his conduct 
m moie matuie yeais shows that if this incident evei occuned, 
it was but an adolescent piank, foi Sn Charles Oman lefeis 
to him latei as “the inevitable co-iespondent m eveiy fashion¬ 
able divoice ” Returning to public life in Rome at the age of 
30, he achieved the coveted Consulship by the age of 42 

He was not too paiticulai about the means he employed to 
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are not peifect which have this disease of the falling evil, 
when standing on their feet they s-peah to the common people, 
but are soon tioubled with a tienabling of then body and a 
sudden dimness and giddiness 

It may be noted that m none of these three statements is 
theie any reference to loss of consciousness, to foaming at 
the mouth, to twitching of the face 01 limbs, 01 indeed to any 
of the other manifestations of epilepsy 

Plutarch, the Gieek Philosophei and biogiapher, was bom 
m the reign of Claudius half way through the fust century, 
AD He wiote in Greek and his most famous woik, his 
“Lives,” compares and contrasts the Greek and Roman heioes 
His is the most contemporary and the fullest life of Caesar 

Theie is another by Suetonius, the fust m his senes of 
“The Lives of the Caesars ” This was written some 70 years 
after Plutarch Suetonius had the advantage of being Secre¬ 
tary to the Empeior Hadnan and m this position had access 
to Imperial Archives His “Life of Caesar,” written in Latin, 
makes but one short leference to Julius Caesai’s ailment 
“He was twice attacked by the falling sickness dunng his 
campaigns ” 

As might be expected, Caesai himself makes no lefeience 
to this sickness m any of his works, nor is it mentioned by 
Cicero, Lucan 01 Dio Cassius 

Shakespeare’s source of information about Julius Caesar 
came from Sir Thomas North’s translation of “Plutaich’s 
Lives”, and it is Sn Thomas North who coined the term “the 
falling sickness ” He did not translate direct fiom the Greek, 
but from the Fiench of James Amvot, Bishop of Auxene 
Theie is no mention m Plutarch, or m any other Gieek 01 
Roman author, of Caesar’s being deaf, even m one eai 

The onh refeience I can fmd of Julius Caesar’s deafness 
comes from Geoige Wherry, m “Notes and Queries (1909), 
Series 10, Vol XL, p 243 

Julius Caesar’s Deafness Shakespeare makes Julius Caesai 
deaf in the left eai To Mark Anthony, Caesai says “Come 
on my right hand foi this ear is deaf,” and his attacks of 
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loved luxuiy and powei, he nevei ovei-indulged m eating 01 
drinking, and between the ages of 40 and 55 lived the haid 
life of a soldiei on campaign Always m the public eye, any 
disordei, infiimity oi even slight accident is suie to have 
been noted and even magnified We have heaid of his bald¬ 
ness and of his amours, and even when he stumbled and fell 
when disembaikmg onto African soil duimg the Civil wai 
this was noted by Plutaich I am suie that if he had been 
subject to real epileptic fits we would have heaid mucn moie 
about them than has come down to us fiom the wnteis of 
those times 

Oui mam souice of mfoimation about Caesai’s “falling 
sickness” comes fiom “Plutaich’s Lives,” m which it is men¬ 
tioned three times 

The fust was part of a general description of Caesai 

He was lean, white and soft-skinned, and often subject to 
headache, and othei while to the falling sickness, the which 
took him the fust time, as is reported, m Cordoba 

Now Caesar was thiee times m Spam The fust time was 
befoie he was Consul, the second in the early stages of the 
Civil Wai befoie he defeated Pompey at Phaisalus, and finally 
aftei the Afucan campaign, when he was dealing with Pom- 
pey’s son and his followeis This must refer to the second 
campaign m Spam, as Plutaich’s next lefeience to the sick¬ 
ness is in the Afucan campaign at the battle of Thapsacus 
against King Juba and Scipio When he did not take his usual 
place in the foiefiont of the battle Plutaich says 

Foi as he did set his men in battle the falling sickness took 
him, whet eunto he was given, and thei efoi e feeling it coming, 
befoie he was oveicome withal, he was canned into a castle 
not fai fiom thence, wheie the battle was fought, and theie 
took his lest till the extiemity of his disease had left him 

Plutaich’s thud lefeience is to the time when the populace 
offeied Caesai the Empeioi’s ciown and he lefused it three 
times 

Notwithstanding it is lepoited that aftei wai ds, to excuse 
this folly, he imputed it to his disease, saying that then wits 
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committee, ended the meeting Cleaily such a descuption 
could include epilepsy, a stioke, a heart attack, and also an 
attack of Menieie’s Disease 

Now, as Caesai’s mental and physical poweis lemamed 
unimpaned between attacks, it seems unlikely that they weie 
caused by heart disease 01 a ceiebial catastiophe This leaves 
epilepsy and Menieie’s Disease 

When the “falling sickness” fust oveicame him, Caesai 
was m the eaily 50’s, a common time foi Menieie’s Disease 
to start As the most famous man of the Ancient Woild, 
theie was no shoitage of wnteis and poets to publicize his 
failings as well as his stiength Had he leally suffeied fiom 
epilepsy it is difficult to believe that it would have been passed 
ovei m the few woids that have come down to us, noi can 
it be said that the Romans weie unacquainted with epilepsy, 
foi heie is a descuption given by Lucretius of an epileptic fit 

Oft times with violent fits a patient falls, 

As if with thundei struck, and foams and bawls, 

Talks madly, shakes, moves heie and theie, bieathcs shoit, 

Extends and tues his limbs with antic spoit, 

* * A * * * 

His weakness iveais and he foi gets his pain. 

His stiength, his life, his sense letumi again 

Had Caesai suffeied fiom majoi epileptic seiziues, suiely 
these sensational attacks would not have been passed ovei so 
slightly by the caieful biogiaphei Plutaich, 01 by the gossip 
Suetonius 

Had these attacks been something moie senous than a 
labiiinthine distuibance, they must have left a gieatei maik 
on the man who, foi the last 15 yeais of his life extended and 
dominated the Roman State A man, moieovei, who, at the 
end of 12 veais’ continuous fighting and political mtiigue 
could take time off to shaie with Cleopatia one of the gieat 
love affans of the woild 

That it could ha\e been a minoi foim of epilepsj cannot be 
denied, though suffeieis fiom “petit mal” so often aie 
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epilepsy cue also noted in the play “He hath the falling sick¬ 
ness ” It is quite possible that attacks of giddiness, associated 
with Menieie’s Disease of the eai, may have been mistaken 
foi epilepsy The Romans weie familial enough with epi¬ 
lepsy, which they called “moi bus comitiahs,” fi om the attacks 
witnessed in the Foinm oi Senate House, which hi oke up the 
Assembly, and it is unlikely that auial veitigo was undei- 
stood at that time 

Wheie, then, did Shakespeare get his lefeience to Julius 
Caesai’s being deaf m the left eai 7 It has been suggested 
that theie might be some political significance m this, but it 
cannot be m the modem sense, foi the teim “Left Wing” and 
“Right Wing” became significant only m the Assembly of the 
Fiench Revolution Again, could it be that Caesai was sug¬ 
gesting that he was going to foi get what had just been said 7 
But as he had just been doing all the talking and veiy little 
listening, theie is little point m this suggestion As theie 
does not appeal to be any mention of Caesai’s being deaf m 
any of the lefeiences available to Shakespeaie, he may have 
put this m so as to add a touch of lealism to the pait We 
know that Shakespeare always made his gieat histoiical 
figuies behave like oidinary human beings, and indeed, it 
is just that homely touch that makes his chaiacteis live It 
could well be that Shakespeaie knew someone, 01 possibly 
moie than one peison, who was tioubled with the “falling 
sickness” and deafness, and that he mtioduced the deafness 
in one eai in oidei to make Caesai like othei men Theie is 
no leason to suppose that the deafness was bi ought in to help 
the stage business 

Even if we deny Caesai’s deafness on the giounds that we 
have only Shakespeaie’s woid for it, we aie still left with his 
“falling sickness ” Plutarch, wilting m Greek, lefeis to this 
as “Epileptikois,” a teim used m those days foi any seizuie 
that caused the suffeiei to fall down and be helpless It is 
not suipusmg that many wnteis tianslated this as epilepsy, 
and so the teim “falling sickness” and epilepsy have been 
loosely legalded as the same thing 

Suetonius, wilting in Latin, uses the teim "moibus comiti- 
alis,” the disease which, when it attacked a membei of a 



CASE OF TRACHEO-MALACIA FOLLOWING REMOVAL 
OF ADENOMA OF THYROID GLAND * 

Dezso Kassay, M D , (By Invitation), 
Philadelphia, Pa 

A 50-yeai-old male, a dentist, had been complaining, foi 
about six months, of a gradually mci easing dyspnea and 
stndoi Bronchial asthma had been diagnosed m a hospital 
m Hungary 

On admission v e found a well nounshed man, 5'4" tall, and 
muscular, the patients neck was extiemelv thick and short 
On the left side of the neck a sphencal resistance with a 
diametei of about 5 cm could be palpated This tumor moved 
up and down simultaneously with the swallowing action The 
dyspnea appealed to be mild and the stndor audible only 
before the open mouth. 

Planigiaphy (see Fig 2-A) showed the tiachea displaced 
slightly to the light, and its lumen narrowed markedly fiom 
the left side by a protrusion 45 mm m length Tiacheoscopy 
showed the tiacheal lumen enormously stenosed by lateial 
compiession The mucosa appealed red and swollen, but no 
tumor tissue was noted The biopsy and histologic studt le- 
vealed only inflamed mucosal structuie 

TRACHEAL STENOSIS DUE TO COMPRESSION B\ ENLARGED 
THYROID GLAND WAS DIAGNOSED 

At external opeiation (Rubanyi and Kassay) we found a 
soft, vascular, encapsulated tumor vhich nas about 5 cm m 
each dimension, resection of the tumor and tracheotomy 
were performed The tracheal cartilages on the left side for 
a length of about 45 mm were destroyed, and the soft tiacheal 
wall collapsed into the lumen Adenoma of the thyroid gland 
was diagnosed histologicallv Removal of the tumor did not 

•Read at the meeting of the Eastern Section. American Larmgological 
Rhlnologlcal and Otological Soclen Inc Philadelphia Pa Jan 9 105 $ 

Editors Xote This manuscript received In The Laryngoscope Office and 
accepted for publication Feb 27 105 s 
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tioubled al=o v ith bad tempeis, fits of depression, or some 
form of neurosis; and there i c nothing to suggest tnat Caesar 
v a<= e\er troubled in any of these vajs Coming on at that 
time of life and not leading to any detenoiation of mental or 
ph; =ical pov ers it is, in the light of our present knowledge, 
much more likely to ha%e been a benign oisorder such as 
Meniere’s Disease 

We are still left v ith the problem of deafness, and though I 
ha\e been unable to trace any contemporary' account of Cae¬ 
sar’s being deaf, I shall alvays be grateful to the memory of 
Shakespeare, not onh for the plays v hich re enjoy, but for 
suggesting an altematne and to me, plausible cause for 
Caesar’s "falling sickness ” 


ALUMNI ASSOCIATION OF THE NEW YORK EYE AND 

EAR INFIRMARY 

The Annual Spring Meeting of the Alumni Association of 
the New York Ey'e and Eai Infirmary last April was so well 
received that it has been decided to expand next year’s meet¬ 
ing, which will take place from April 20-23, 1959 

Symposia and lectures on Hearing Rehabilitation, Endo¬ 
scopy', and Ear Surgery will be conducted It is also planned 
to offer refresher courses m Mastoid and Fenestration Sur¬ 
gery and Stapes Mobilization Techniques 

More complete information regarding the meeting will 
appear m a later issue of The Laryngoscope 



CASE OF TRACHEO-MALACIA FOLLOWING REMOVAL 
OF ADENOMA OF THYROID GLAND * 

Dezso Kassay, M D , (Bj Invitation), 
Philadelphia, Pa 

A 50-yeai-old male, a dentist, had been complaining, foi 
about six months, of a gradually mcieasing dyspnea and 
stndoi Bionchial asthma had been diagnosed in a hospital 
m Hungaiy 

On admission we found a well nounshed man, 5'4" tall, and 
musculai, the patient’s neck was extiemely thick and short 
On the left side of the neck a sphencal resistance with a 
diameter of about 5 cm could be palpated Tins tumor moved 
up and down simultaneously with the swallowing action The 
dyspnea appealed to be mild and the stndoi audible only 
befoie the open mouth 

Planigiaphy (see Fig 2-A) showed the tiachea displaced 
slightly to the light, and its lumen nail owed maikedly fiom 
the left side by a piotrusion 45 mm m length Tiacheoscopy 
showed the tiacheal lumen enormously stenosed by lateial 
compression The mucosa appealed red and swollen, but no 
tumoi tissue was noted The biopsy and histologic study re¬ 
vealed only inflamed mucosal stiuctuie 

TRACHEAL STENOSIS DUE TO COMPRESSION B1 ENLARGED 
THYROID GLAND WAS DIAGNOSED 

At external opeiation (Rubanyi and Kassav) we found a 
soft, vascular, encapsulated tumoi winch was about 5 cm m 
each dimension, resection of the tumor and tiachectomv 
were perfoimed The tracheal cartilages on the left side foi 
a length of about 45 mm weie destioyed, and the soft tiacheal 
wall collapsed into the lumen Adenoma of the thyroid gland 
was diagnosed histologically Removal of the tumor did not 

♦Read at the meeting- of the Eastern Section American Lnr> ngological 
Rhlnologlcal and Otologlcal Socletj Inc. Philadelphia Pa. Jan 9 1^58 

Editors Note This manuscript receded in The Larvngoscope Office and 
accepted for publication Feb 27 l^SS 
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tioubled also with bad tempeis, fits of depiession, 01 some 
foim of neuiosis, and theie is nothing to suggest that Caesai 
was evei tioubled in any of these ways Coming on at that 
time of life and not leading to any detenoiation of mental 01 
physical poweis it is, in the light of oui piesent knowledge, 
much moie likely to have been a benign disoidei such as 
Memeie’s Disease 

We aie still left with the pioblem of deafness, and though I 
have been unable to tiace any contempoiaiy account of Cae¬ 
sai’s being deaf, I shall always be giateful to the memoiy of 
Shakespeaie, not only foi the plays which we enjoy, but foi 
suggesting an alternative and to me, plausible cause for 
Caesai’s “falling sickness ” 


ALUMNI ASSOCIATION OF THE NEW YORK EYE AND 

EAR INFIRMARY 

The Annual Spung Meeting of the Alumni Association of 
the New Yoik Eye and Eai Infirmaiy last Apul was so well 
leceived that it has been decided to expand next yeai’s meet¬ 
ing, which will take place fiom April 20-23, 1959 

Symposia and lectui es on Hearing Rehabilitation, Endo¬ 
scopy, and Eai Surgery will be conducted It is also planned 
to offer refiesher courses m Mastoid and Fenestiation Sur¬ 
gery and Stapes Mobilization Techniques 

More complete information regarding the meeting will 
appear m a later issue of The Laryngoscope 
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bv us, which would keep the tracheal lumen open and would 
not disturb him in his work. 

Thus we designed a special tube for hmi which would hold 
itself m position, could be easilv changed, occlude the stoma 
well and prevent the outflow or coughing out of tracheo¬ 
bronchial secretions Naturally we ci eated first a longei stoma 
sewing the tracheal wall to the skin of the neck. 

A metal tube (see Fig 1), with a 12 mm outside diametei 
was used Both ends were cut off obliquely, the antenoi v all 
being longer than the postenor, which facilitated the mtio- 

4 > 


Flp 3 The open storm {and the cannula in place (B) 

duction of the cannula The total length of the tube was 45 
mm A screw was attached to the antenoi wall, 12 mm 
from the upper edge of the tube A metal block, fitted pre¬ 
cisely to the stoma and a wing-nut completed the instrument 
The block was 20 nun long and 11 mm wide, slightly less 
than the outside diameter of the tube, the depth of the block 
measured 14 mm on the top and 16 mm on the bottom At 
the proper point m the block, a hole was dulled for the screw 
The distance between the screw and the upper edge of the tube 
was shorter than the \eitical diameter of the tracheal stoma 

At introduction the longei part of the cannula (below the 
screw) entered the trachea first until the screw touched the 
lower edge of the stoma, then the whole cannula was slid into 
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Fig 1 Parts of the cannula (A) and the assembled cannula (B) 





Fig 2 Planigrapl^ (A) show s the cer\ ical trachea displaced slightl\ to 
the right and its lumen stenosed from the left side bj external compression 
X-iaj film (B) demonstrates the retaining cannula in place Note the 
wide lumen of the trachea 


dimmish the stenosis, this situation, checked lepeatedly bv 
tiacheoscopy and planigiaphy did not change foi thiee months 
The patient lefused lesection of the tiacheal portion, collapsed 
by tiacheo-malacia, oi any kind of suigical plastic lepan, 
howevei, he was willing to weai a peimanent tube suggested 
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MODERATOR 

F A Soo\, MD, San Fi an cisco, Calif 
PANEL 

Victor Goodhill, M D , Los Angeles, Calif 
Leland R House, M D , Los Angeles, Calif 
Terence Cawthorne, M D , London, England 

Moderator Sooy Fust, I Mill mtiodnce Di Victor Good- 
hill, who will talk to us on the pi maples of tympanoplasty 


THE SURGICAL PHYSIOLOGY OF TYMPANOPLASTY * 

Victor Goodhill, M D , 

Los Angeles, Calif 

INTRODUCTION 

The term “tympanoplasty” has been applied to that gioup 
of suigical pioceduies m which the pi maples of leconstmc- 
tne suigeiy aie applied to the restoiation of middle eai 
function 

Foi many decades, otologists ha\e been awaie of the neces¬ 
sity of such suigical reconsti uctions, and a numbei of at¬ 
tempts m this dnection tme been lecoided There aie nu- 
meious instances of rrnpioi, ement m hearing following -\ai ious 
foims of modified radical mastoid operations, but these oc¬ 
currences weie haphazaid and usually not planned physiolog¬ 
ically No defmitne methods and no techniques with pi edict- 
ability were available until the lecent conti ibutions of Vull- 
stein , 1 Zollneiy Pietrantom 3 and others 

•Presented as part of a Symposium on T> mpanoplastv at the meeting of 
the Western Section American Lan ngolopicnl Ithlnologlcal nnd Otoloprlcal 
Societn Be\erl\ Hills Calif March 4 

Editors Note This manuscript receded In The Laryngoscope Office nnd 
accepted for publication March 4 1^5S 
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the tiachea and lifted, so that the uppei poition of the tube 
enteied the lowest part of the larynx The block was slid 
ovei the sciew into the stoma and fixed m position by the 
nut (see Fig 2-B) 

This pioceduie (the change of the cannula) was perfoimed 
by the patient himself once 01 , when necessaiy, twice a day 
The cannula did not mjuie the tiacheal and laiyngeal tissues 
because it followed the movements of the tiachea and larynx 
piecisely and kept itself in position without being anchoied 
by any mechanical means except that descubed above (see 
Fig 3) When I left Hungaiy, moie than a yeai ago, the 
patient had worn his cannula foi six months without any 
complaint 

Aftei this successful attempt I looked foi similai solutions 
m medical publications, and found only one Jackson’s bion- 
choscopy, esophagoscopy and gastioscopy, published m 1934 
Then letammg intubation tube was used foi tieatment of 
chiomc laryngeal stenosis The tube was mtioduced thiough 
the mouth, and then a post was sciewed m thiough the 
tiacheal stoma and a block was slid into the stoma Similailty 
of the two methods is the use of sciew and block foi keeping 
the cannula m place, m the larynx or tiachea The diffeience 
is that the Jackson’s mtioduced the tube by laryngoscopy, 
which could not be performed by the patient, himself, and 
thus it would not serve our puipose, howevei, essentially, we 
adapted an oldei method to a newer purpose, which may be 
expiessed by the old Hunganan proverb “Read wise old 
books and create new things ” 

Lankenau Hospital 
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shielded fiom au-boine sound An intact ossicular chain is 
necessaiy so that a significant sound piessuie difference will 
exist between the two windows and thus between the two 
scalae allowing basilai membiane motion 

Tlie Eustachian tube has an important function m maintain¬ 
ing essentially equal piessuies on both sides of the tympanic 
membiane, thus avoiding painful stietching of the drum fol¬ 
lowing ambient pressure changes m the external canal This 
equalization allows maximum response undei wide pressure 
changes 

It is of course possible for conductive lesions to reach db 
loss values fai m excess of the 26 db descubed above as the 
conti ibution of the drum membrane and ossicular chain to 
sound pressuie tiansformer action In cases with intact dium 
but ossicular discontinuity, the drum may become worse than 
useless, since it mav both reflect and absorb sound eneigy 
Ankylosis of one of the windows mav add anothei 25 to 30 db 
of loss to the function of the middle ear, thus conductive 
lesions mav leach losses of 60 db and more In extreme con¬ 
ditions, whei e scar tissue mav simultaneously immobilize both 
the lound window membiane and the stapedial footplate, it is 
conceivable that such an “acoustic short circuit” mav eien 
further increase the transmissive loss, although such a loss 
actually involves some penlvmph immobilization, and mav not 
tiulv be described as a middle eai lesion pei se 

In addition to the above, there aie pioblems of tympanic 
pin siologv which mav involve the tympanic muscles as well 
as the suspensory ligaments of the ossicles Such physiolog¬ 
ical problems will be leflected m the functional efficacy of 
the ossiculai chain lever action, but m addition mav pioduce 
mci eased stiffnesses and frictional problems lesultmg m 
larymg deficits to acoustic transmission 

There are rather maiked diffeiences between the numerical 
values obtained m the human and m various experimental 
animals Thus, much of the recent lesearch data from cat 
and guinea pig studies are not so leadilv transferred to the 
human as had pieviouslj been considered possible We must 
be alert to these majoi species differences in oui intei pi eta- 
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At piesent, we aie beginning to see the emeigence of a 
positive plan of suigical attack with mcieasing piedictability 
foi lestoiation of tympanic function, howevei, we aie still 
fai fiom the time when lesults can appioach the piedictability 
of fenestiation and even of stapes mobilization suigery 

It is not suipusmg that the emeigence of this bianch of 
otologic suigery had to wait until the matuiation of the pnn- 
ciples of plastic and leconstiuctive suigeiy and the acquisition 
of fauly substantial knowledge of tympanic physiology The 
lattei is still fai fiom complete, but is adequate foi piactical 
application m many instances 

It is the puipose of this piesentation to con elate some of 
the known details of middle eai physiology and possible suig¬ 
ical appioaches to the solution of tympanic pioblems Basic 
pi maples only will be piesented Neithei technical details 
nor lesults will be lepoited m this papei 

BASIC TYMPANIC PHYSIOLOGY 

The middle eai mechanism is essentially an impedance 
matching mechanism, 01 a “tiansfoimei” to help an-boine 
sound tiavel with mci eased foice into the liquid penlymph 
with no significant alteiations m fiequency chaiactenstics 
This is accomplished pnmanly by a combination of two physi¬ 
cal mechanisms 1 the diffeience in aiea between the ef¬ 
fective vibiatory poition of the tympanic membiane and that 
of the stapedial footplate, 2 the level action of the ossiculai 
chain Conti ary to some conceptions, it is pnmanly the area 
diffeience which is lesponsible foi the sound pressuie trans- 
foimei action In man this is appioximately 22 1 The 
lever action of the ossiculai chain is appioximately 111, and 
the product yields a lesult of appioximately 26 db, which is 
the essential conti ibution of the entne middle ear mechanism 
to the tiansmission of an-borne sound to the cochleai pen- 
lymph, howevei, theie aie othei factors in middle ear physiol¬ 
ogy which must be consideied befoie one can undei stand the 
application of tympanoplastie proceduies 

The normal tympanic membiane is essentially tianspaient 
to sound waves, and thus the lound window is not pnmanly 



SYMPOSIUM TYMPANOPLASTY 


1459 


solution, and many of them may be solved by tympanoplastic 
pioceduies The well lecognized congenital defect of the ex¬ 
ternal auditoiy canal, tympanic membiane and ossiculai chain 
is best tieated by a piopeily selected tympanoplastic pio- 
ceduie It is geneially not lecognized, howevei, that theie aie 
a numbei of congenital defects of the middle eai which may 
piesent themselves with noimal tympanic membianes These 
lesions may include not only anomalies of the malleus, incus 
and stapes, but also congenital fixation of the footplate They 
aie fiequently accompanied by absent stapedius and tensor 
tympani muscles, as well as by defoimities of the lound 
window niche and even the piomontoiy 

TYMPANIC PHYSIOLOGIC PROBLEMS _ 

1 Acoustic reception lesions 

2 Acoustic transmission lesions 

3 Window fixations 

4 Loss of sound pressure difference 

6 Acoustic short circuits 

6 Multiple combinations of above 

Fier 2 


b Infections and Tiauma 

The most common gioup of lesions lequning tvmpano- 
plastic suigeiy aie those pioduced by the sequelae of otitis 
media m which theie may occui vanous combinations and 
degiees of disruption of the tympanic membiane-ossiculai 
chain mechanism Similai lesions may follow both dnect and 
mdnect tiauma to the eai 

c Cholesteatoma and Othei Eai Tumois 

The most common space occupying lesion of the middle eai 
is cholesteatoma, of vInch theie aie a numbei of vaneties 
Heie again the dissolution of continuity of the middle eai 
mechanism is best tieated by tympanoplastic suigical pun- 
ciples 

LESIONS REQUIRING TYMPANOPLASTY—THE FUNCTIONAL STATES 
The functional lesions that may distuib middle eai physiol- 
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tions of expelimental data obtained m lowei animal foi ms, 
and extiapolated foi human application 

In summaiy, noimal tympanic 01 middle eai physiology 
demands the existence of a patent external auditoiy canal 
(see Fig 1), a noimal leceptoi mechanism via a noimally 
functioning tympanic membiane, continuity of the tympanic 
membiane and a noimally functioning ossiculai chain, with 
a mobile stapedial footplate, a noimally yielding lound win¬ 
dow membiane, and finally a well legulated tympanic an 
space piovided by noimal Eustachian tube function In the 
absence of a functioning ossiculai chain it is necessaiy foi the 
lound window also to be shielded ) 

_ TYMPANIC FUNCTION REQUISITES __ 

1 Patent external canal 

2 Noimal dium (pick up) 

3 Intact continuity of dium, ossiculai chain and mobile footplate 
(transmission piston) 

4 Yielding but shielded lound •window membrane (sound piessuie dif 
ference In absence of ossicular chain) 

6 Tympanic air space equalization b\ noimal tubal function 

Fig l 

Obviously, not all of these lequnements can be satisfied in 
eveiy tympanoplastic pioceduie, and many compiomises aie 
necessaiy in the application of tympanoplastic suigical pun- 
ciples to the solution of middle eai infections, congenital de¬ 
fects, and othei lesions, fuitheimoie, the evaluation of a 
given conductive loss lequnes a veiy caieful analysis of all 
possible contilbutmg factois fiom all legions of the tympanic 
mechanism 

LESIONS REQUIRING TYMPANOPLASTY—THE PATHOLOGIC STATES 

A numbei of conditions involving the middle eai may 
lespond to tympanoplastic maneuveis They may be simply 
divided into the tin ee gioups, a congenital lesions, b infec¬ 
tions and tiauma, and c cholesteatoma and othei eai tumois 

a Congenital Lesions 

A numbei of congenital anomalies piesent themselves foi 



SYMPOSIUM TYMPANOPLASTY 


1461 


leai leseive It is of little value to subject a patient to a 
majoi leconstiuctive pioceduie 01 pioceduies, to attempt 
lestoiation of tympanic function m the piesence of a lesion 
of the coclilea sufficiently gieat to thwart a possible signifi¬ 
cant lestoiation of heaung, theiefoie, a caieful assessment 
of the mtegiity of cochleai leserve is the fust necessary pie- 
opeiative physiological study This can usually be done 
adequately by puie tone audiometiy with quantitative mask¬ 
ing foi bone conduction thiesholds, speech leception thiesh- 
olds and speech disci miination scoies In some instances, 
leciuitment studies may be indicated, but usually these aie 
not necessary The demonsti ation of an adequate ail bone 

PRE-OPERATIVE TYMPANIC FUNCTION TESTS 

1 Cochlear Reserve and Bone Air Gap Tests 
A Pure tone audiometry (A C and B C ) 

B Quantitative masking for bone conduction 
C Speech reception threshold 
D Speech discrimination scores 
E (Recruitment tests) 

2 Prostlicses Tests 
A. Drum covering 
B Columellizatlon 
C Blocking 

3 Acoustic Prohe Tests 

A Mechanical (Pohlman) probe 
B Audiometric B C vibratory probe 


Fig 3 


gap (at least 15 to 20 db ), a bone conduction thieshold not 
lowei than 45 db and a speech disci immation score not lowei 
than 50 pei cent aie necessary pie-iequisites 

With demonsti ation of good cochleai l eserve, the next func¬ 
tion of pieopeiative testing is an attempt to gathei qualitative, 
as well as quantitative, diffeiential audiologic data legal ding 
the status of the vanous middle eai components This le- 
qunes a numbei of techniques (see Fig 3), which may be 
tailoied to suit the individual case The following aie the 
basic pioceduies usually necessary m most cases a The 
drum covering pi osthesis This is simply a patch applied over 
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ogy (see Fig 2), may be divided into the following gioups 
a Acoustic i eception lesions involving the sound pick-up action 
of the dium membiane, and most commonly pioduced by pei- 
foiations of vaiymg sizes and locations In accoidance with 
the well-known studies of Bekesy 4 and otheis, theie aie majoi 
diffei ences m the sequelae of peifoiations, depending upon 
then size and location m 1 elation to the manubnum and to 
the annulus, b Acoustic transmission lesions, involving the 
ossiculai chain These lesions may involve any of the thiee 
ossicles m whole 01 m part They may be manifested not 
only by loss of continuity, the most common example of which 
is the aseptic neciosis of the lentieulai process of the incus, 
but also by mci eased stiffness states involving the ossiculai 
joints thiough arthutic fixations Occasional atrophic elas¬ 
ticity of incus 01 stapes cuua may deciease tiansmission, 

c Fixation of windows, especially the oval window, by anky¬ 
losis of the footplate and occasionally osteogenic closuie of 
the lound window niche and effective blocking of the lound 
window membiane d Loss of the normal diffei ence m sound 
piessuies delweied to the two windows Theie is normally 
an effective diffei ence in foice of the sound piessuies leach¬ 
ing the two windows Usually, of couise, this occuis thiough 
the ti ans-ossiculai excitation of the footplate m the oval 
window and thiough some mmoi blocking of air-bome sound 
to rhe lound window by the curtain action of the tympanic 
membiane In situations wheie theie is a loss of ossiculai 
continuity, theie may be an equal sound piessure level lcach¬ 
ing both windows, which will decrease the possibility of basi- 
lai membrane motion, e Acoustic short circuit between the 
two windows by the effect of a scai tissue band lunning be¬ 
tween the footplate and in contact with the lound window 
membrane, f Multiple combinations of any of the above 
lesions, and also combined with some degree of penlymph 
immobilization by chionic labyrinthitis 

PRE-OPERATIVE ASSESSMENT TECHNIQUES 

In one ciucial lespect, tympanoplastic suigery requnes the 
same pre-requisite as fenestiation and stapes mobilization 
surgeiy, namely, m the measuiement and evaluation of coch- 
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The electio-acoustic 01 audiometiic B C piobe type of test 
yields similai qualitative data, but also yields quantitative 
mfoimation foi moie precise companson of tympanic le- 
sponses, as illustrated m Figs 4 to 9 At piesent, it is not 
possible to establish an accuiate base line foi “normal” re¬ 
sponses, since theie aie majoi vanables in the piessure of 



application, size of applicator, etc , howe\er, the comparatne 
data obtained aie most informative, and such caieful tym¬ 
panic exploiation will fiequentlv be of decisive chaiacter m 
planning tympanoplastic approaches 

The combined eraluation of data obtained b\ all of the 
abo\e methods is imaluable in localizing the location and 
extent of middle eai lesions and m planning appiopnate 
tympanoplastic solutions foi these pioblems 
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a peifoiation to increase the aiea of sound leception In the 
piesence of an intact ossiculai chain with no othei obstructive 
lesions, such a test will usually leveal a significant impiove- 
ment m hearing, b A cohimelhzation piosthesis, a capsule 
01 Koiojel (Pohlman) type of piosthesis applied to the mcudo- 
stapedial joint, 01 to the capitulum of the stapes, will usually 
yield information legal ding the status of the oval window m 
cases of suspected ossiculai discontinuity 01 footplate fixa¬ 
tion, c Blocking 'piosthesis, a similai capsule 01 Koiojel 
(Pohlman) type piosthesis, 01 cotton oil plug applied to the 



Fig 4 Electro-AcouBtic Probe 


legion of the lound window niche as a blocking piosthesis 
will give information legal ding the sound piessuie differences 
of the two windows, d Piobe audiometiy is of tiemendous 
value m quantitative as well as qualitative estimation of in¬ 
tegrity of the ossicular chain and the windows Theie is 
divided opinion as to the necessity of using piobe audiometiy 
m suigeiy, but its utilization diagnostically is conceded to be 
important by most woikeis m the field 

Piobe audiometiy has been rn use foi a numbei of yeais 
aftei its introduction and popularization by the late A G 
Pohlman 5 His piobe was a simple mechanical lod attached 
to a vibiatmg plastic membiane This mechanical probe test 
yields valuable differential tympanic information of qualita¬ 
tive natuie 
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middle eai scan mg with not only obliteiation of the an space, 
but partial immobilization of the stapes bv a “blanket” of 
thickened mucopenosteum In these cases theie is justifica¬ 
tion foi tympanolysis alone without any of the tvmpanoplastic 
pioceduies listed below 

Tympanolysis can be divided into an antenoi and postenoi 



type In some instances it is necessaiy to use only the one 
appioach, and m otheis both appioaches aie indicated 

Postenoi tympanolysis is the most common type lequned, 
and can be accomplished by an exploratory tympanotomy, 
utilizing the typical stapes mobilization middle ear incisions 
m which the postenoi one-tlmd to one-half of the middle eai 
is adequately exposed (see Fig 10), and seal tissue lesions 
can be lemoved (see Figs 11, 12) In instances vlieie elm- 
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BASIC TYMPANOPLASTIC OPERATIONS 

The basic suigical appioaches foi lestitution of middle eai 
function may be descubed undei the two heads of, a Tym- 
panolysis, and b Tympanoplasty 

a Tympanolysts 

This teim applies to the suigical tieatment of scais and 



Fig- 6 Probe In Contact -with Incus 


fibious tissue masses partially 01 completely immobilizing 
an otherwise normal drum membrane and ossiculai chain 
(In addition, theie is the necessity foi lemoval of such seal 
tissue bands m many of the tympanoplastic procedures listed 
below) There aie many cases of conductive deafness with 
intact drum membianes and anatomically and physiologically 
intact ossiculai chains Here the entire pioblem is that of 
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b Tympanoplasty 

Wullstem made an excellent contubution to piogiess m 
this branch of suigery by giving us his schema, m which he 
piesents five types of tympanoplasty based upon anatomical 
and pathological findings Since these five types have been 



Fig: 9 Representatl\ e Probe Audiograms 


■widely adopted and have simplified discussions, it appears 
logical to utilize them m this presentation In the following 
tables and charts, the designations “Tympanoplasty Tvpes 
I, II, III, IV, and V” will apply to the Wullstem classification 
to be giien below 
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ical as well as opeiative findings m a postenoi tympanolysis 
indicate a lesion antenoily, an antenoi tjunpanolysis is then 
peifoimed This involves a tuangulai incision of the tym¬ 
panic membiane as lllustiated m Fig 13, in which the antenor 
portion of the tympanic cavity is exposed, paiticulaily in 
1 elation to the Eustachian tube onfice Aftei the exposuie 



Fig 8 Probe In Contact with Promontory 


has been made (see Fig 14), appropnate mstiumentation is 
perfoimed foi seal lemoval and the incision closed In the 
closuie, occasional middle eai suppoit foi the flap is necessary 
with one oi two pieces of gelfoam Occasionally a small skm 
giaft is indicated to covei any antenoi defect pioduced by 
letiaction of fibeis of the fibious layei of the tympanic 
membiane 
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Fig 11 Posterior Timpanolisis with Removal of Diffuse Posterior 
Scars 

pioceduie involving only the repau of the acoustic leceptor, 
so that the area diffeience between the dium and the stapedial 
footplate may be lestoied, thus lestoimg the sound piessure 
transformei action 

Type III (Columellization Opeiation 01 Myi nigostapedi- 
opexy) 

In this veiy important type of pioceduie applied to cases 
wheie theie is dissolution of continuity of function of malleus 
and incus, but normal anatomical and physiological mtegnty 
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Type I (Mynngoplasty) 

This is the simplest pioblem to solve suigically m tym¬ 
panoplasty It refeis to the closuie of a peifoiation in the 
dium wheie theie is an intact noimally mobile ossiculai 
chain and there aie no other significant pathologic findings 
(see Fig 15) 


POSTERIOR OMEGA INCISION 



Fig 10 Posterior Omega Incision 


Type II (Mynngoplasty) 

In this more advanced veision of mynngoplasty, theie may 
be absence of a portion of the malleus oi incus (see Fig 16), 
but there is still physiological continuity of the entiie ossicular 
chain m spite of these defects This may be termed an ex¬ 
panded myringoplasty, but basically it is the same sort of 
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Fig 13 Anterior T'mpnnol'sis Incisions 


is still maintained, and the sound piessuie transfoimation 
can be lestoied to a very efficacious degree, notwithstanding 
the loss of the level action of the malleus and incus 

Type IV (The Cavum Mmoi Opeiation o-i Sound Bafjle 
Opeiation 01 Round Wtnd-ow Opeiation) 

In instances wheie theie has been a loss of stapedial capitu- 
lum and ciuia,~hut wheie the footplate is still mobile, the 
cieation of the Cavum mmoi, 01 closed hypotympanum, may 
weld sufficient sound piotection to the lound wmdov mem- 
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Fig 12 Posterior Tympanolj sis rvlth Dissection of Peri-stapedial Fi¬ 
brous Tent. 


of the stapes and the stapes footplate, a giaft is applied dnect- 
ly to the head of the stapes (see Fig 17) This may eithei 
be done in cases where theie is still a serviceable penpheial 
tympanic membiane lemnant, oi m instances wheie theie is 
no tympanic membiane at all, as m post ladical mastoidectomy 
cases In the lattei instance a largei and thickei giaft may 
be necessaiy, but the basic principle lemams the same, name¬ 
ly, that the tympanic membiane (eithei lestoied oi lecieated) 
is anchoied dnectly to the head of the stapes In this ap- 
pioach, the piston action of the dium to the stapes footplate 
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the sound piessuie diffeience may be adequate for sign 
gains m healing 

Type V The F enesti ation Opei ation Combined wdh the 
Ccivum Minot Opei ation 

In instances where the ie is a fixed stapedial footplate theie 
may still be hope foi lestoiation of healing by an adequate 



Pig: 16 T\pe I—T\ mpanoplasty (U> ringoplastj ) Note normal ossicu¬ 
lar chain with graft co\erIngr drum perforation 


iound window b affle pi oceduie as descnbed above, comb ined 
with fenesti a tion of the hoiizontal semicnculai canal, again 
yielding a level of possibly 30 db 01 bettei m some instances 
(see Fig 19) 

(In certain instances wheie it is possible to mobilize the 
footplate with ease, one may combine a stapes mobilization 
with a Type IV, instead of lesoitmg to a fenesti ation ) 

The appioach to Types I, II, III, and IV tympanoplasty may 
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Fig 14 Anterior Tjmpanoljsis r\ Itli Dissection of Ferl-tubal Fibrous 
Tissue 

biane so as to lestoie the sound piessuie diffeience between 
the two windows (see Fig 18-A) In this pioceduie, a mucosal 
giaft is lotated mfenoily fiom the piomontoiy ovei the lound 
window niche and coveied with a skin giaft m continuity 
tilth the Eustachian onfice, thus cieating a small middle eai 
jwhich has tubal continuity and m which the oval window 
legion is extenonzed to an-bone sound (see Fig 18-B) The 
lound window acoustic baffle effect will fiequently allow 
lestoiation of thiesholds to the 30 db level The obvious loss 
of the tiansfoimei action of the middle eai still exists, but 
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Figr 17 Tvpe in —Tvmpanoplastv (Columelllzation or 3I\ ringostapedi- 
opexv) Note absence of malleus and Incus Graft covers perforation and 
is in contact with stapedial capitulura 



Fig- IS T\ pe I\—T\ mpanoplast\ (Ca\um Minor or Sound Faffle or 
Round Window Operation) \ Note lo«s of stapedial crura but mobile 
footplate Ne^rtheless because of lack of sound pressure difference the 
baMIar membrane does not mo\e B Creation of cat uni minor blocks the 
round window membrane and re establishes a sound pressure difference. 
Note basilar membrane in motion 
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be eithei tiansmeatal 01 tiansmastoid The tiansmastoid 
appioach vanes quite a bit as to loute of entiy, thus the 
post-aunculai, supia-aunculai, and endauial appioaches aie 
all m use at the piesent time Type V tympanoplasty cannot 
be done tiansmeatally, since it involves a fenestiation and 
must always be done tluough a tiansmastoid appioach 



Flgr 1G T\ pe II—T\ mpnnoplaetj (Expanded M' 1 lngoplnst\ ) Note nb- 
sence of malleus %\ith skin gTaft co\ ering: perforation and in contact " 11,1 
incus 


SURGICAL AUDIOMETRY 

At the piesent time theie is no unifoimity of piactice with 
legald to suigical audiometiy m tympanoplasty Some otol¬ 
ogists piefei to do this type of suigeiy undei local anesthesia 
with gieat leliance upon suigical audiometiy, while otheis 
feel that the audiometnc mfoimation obtained pie-opeiatively 
is adequate, and that the obseivations undei the dissecting 
micioscope fulfill the necessary ciitena foi decisions and, 
theiefore, they do then pioceduies undei geneial anesthesia 
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gap apply just as forcefully to tympanoplasty as they do to 
stapes mobilization suigerv 

REPRESENTATIVE MIDDLE EAR PROBLEMS AND THEIR 
TY MPANOPLASTIC SOLUTIONS 

Scoies of pathologic possibilities mav piesent themselves to 
the otologist foi solution In an attempt to classify some of 
these pioblems, the following table (see Fig 20), was de¬ 
vised It lists a number of possible combinations of lesions, 
all of which have been eneounteied by the wiitei It must be 
lemembeied that all of these conditions mav exist, eithei alone 
01 m combination with some degiee of mastoid disease Ac¬ 
cordingly, the solution of these pioblems may be appioached 
eithei through tympanotomv alone oi thiough a combination 
of tvmpanotomy and mastoidectomy Thus, almost 80 possi¬ 
bilities may be consideied m this tabulai piesentation Actu- 
allv, the number of possibilities is infmitelv gieatei when one 
consideis the various combinations and cioss combinations 
that may be encountered 

EVALUATION OF RESULTS 

It is not the puipose of this piesentation to discuss lesults, 
except to point out that the evaluation of surgical lesults m 
this suigery should be no diffeient fiom the method of evalu¬ 
ating the lesults of any type of middle eai suigerv, including 
stapes mobilization and fenestration suigerv As the authoi 
and his associates have pointed out m the past, and as has 
been pointed out by others, the only valid method of assessing 
efficacy of surgical technique m middle eai suigery is m the 
measurement of the degiee of closuie of the air-bone gap 
Tins evaluation technique must be considered, notwithstand¬ 
ing the practical aspect of the restoration of heaung to 
economic and socially desirable levels, (usually the 30 db 
level) We are all agieed that the lattei is an extremely 
important final goal, however, when we aie in the eailv 
stages of development of a branch of middle ear suigery, and 
aie anxious to evaluate varying techniques and appioaches, 
no method of evaluation other than that involving the degiee 
of closuie of the air-bone gap can yield anv valid data It 
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Theie piobably is a place foi both local and geneial anes¬ 
thesia m this gioup of cases Theie may veiy well be piob- 
lems which can be solved bettei by suigical audiometiy in 
some instances than in otheis Furthei expenence and le- 
poits of many obseiveis will help to answer this question 

Of the methods available foi surgical audiometiy, two seem 



Fig 19 T\ pe V—T> mpanoplastj (Fenestration Combined ^ 1th Cavum 
Minor) Note sound protection or round window and nei\ entrance for 
sound through semicircular canal fenestra 


to be of greatest importance a the utilization of acoustic 
piobe audiometry as descubed pieviously and as illustrated 
m Fig 9, m which definitive information of various portions 
of the ossiculai chain may be obtained, and b suigical audi¬ 
ometry utilizing a modified nomograph, as described by the 
authoi and his colleagues in stapes mobilization suigery The 
lattei may be applied to tympanoplastic suigeiy m certain 
instances, since the basic punciples of closure of the an-bone 
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5 Pohlmax A. G The Mechanics of the Middle Ear Prosthesis Ann 
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Moderator Sooy I am sure I speak foi all of us when I 
sav how giateful we are to Di Goodhill for giving us this 
excellent papei The next paper has to do with the clinical 
experience m tympanoplastv It will be presented by Dr 
Leland House of Los Angeles 


CLINICAL EXPERIENCES IN TYMPANOPLASTY * 
Results in Sixty-One Cases y 

Leland R House, M D, 

Los Angeles, Calif 

Since “Plastic Surgery” means repair oi reconstruction of 
a part, I have chosen to include any procedure which is done 
to lepair or reconstruct any of the tympanic structuies withm 
the subject of “tympanoplasty ” 

This would then include surgical repair of simple perfora¬ 
tions of the tympanic membrane alone, or combined with any 
changes in the ossicles and middle ear membranes and win¬ 
dows for the purpose of eradicating disease, and/or preserving 
or restoring hearing Vanous names are appropriated ap¬ 
plied to more specific procedures, such as myringoplasty 
transmeatal tvmpanoplasty (Bell), mynngostapediopexy 
(Juers), tvmpanomalleolar stapedopexv (Bell), endaural tvm- 
panoplastv, and others 

It seems appiopnate to include all of these piocedures in 
our general thinking on the subject of tvmpanoplasty, but 
time and experience plus usage will encourage the use of more 
specificallv identifying terms Time will not permit elabora¬ 
tion on each type of the aboie mentioned procedures In 

•Presented as part of a Symposium on T'mpanoplsst-v at the meeting 
of the Western Section American Larcngologlcal Phfnological and Otolo-i- 
cal Society Beverlv Hills Callf„ Jan IS 

•Department of Otolaryngology College of Medical E%angellsts 

Editor s Xote This manuscript received in The Laryngoscope Office and 
accepted for publication March 1 i';s 
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is the feeling of the authoi that the pei cent impiovement 
technique which we have pieviously descubed m stapes mobili¬ 
zation suigeiy, should also be used in the evaluation of ie- 
sults m tympanoplastic suigeiy This per cent impiovement 
technique is easily aruved at by dividing the decibel gam 
post-opeiatively by the au-bone gap 


Pei cent Impiovement = 


A C Gain (db ) 

B C A C Gap (db ) 


SUMMARY AND CONCLUSIONS 

1 Basic physiological punciples underlying tympanoplastic 
suigeiy are piesented Pie-opeiative and opeiative evalu¬ 
ative techniques aie descubed, and the multiple possibilities 
of tympanoplastic appioaches aie tabulated 

2 A methodology foi evaluation of lesults is piesented 
involving the pei cent impiovement technique, based upon 
degree of closuie of the air-bone gap 

8 Tympanoplastic suigeiy is m a very eaily stage of de¬ 
velopment It is based laigely upon the application of plastic 
surgical principles to recently acquned knowledge of tympanic 
physiology It is intei estmg to speculate on the mci eased 
knowledge of tympanic physiology which will acciue as the 
lesult of tympanoplastic surgery itself Nevei befoie has it 
been possible to acquire as much quantitative data undei 
micioscopic inspection conditions of the middle eai as dm mg 
this present new eia of tympanoplastic suigery 

U Tympanoplastic suigery must be based upon caieful 
evaluation of the physiologic state of the middle eai m every 
patient No simplified rote opeiation can be used without 
such evaluation It is better to think of tympanoplasty as a 
suigical approach than as an operation per se 
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serial cases One case was a boj 11 jears old, m whom 1 
did the Wullstem appioach on one side and the endamal on 
the opposite side In my expenence, postopeiative caie is a 
little easiei thiough the meatus cieated bv the endamal in¬ 
cision than by the postaunculai incision One case which 
developed a localized penchondritis of the auncle aiound the 
tiagus and antitiagus occuued with the postaunculai in¬ 
cision In some cases a limited pioceduie may be accom¬ 
plished thiough the noimal meatus -without an external in¬ 
cision 

Sin gtcal Attack If pathology is obviously limited to the 
tympanic membiane, I do not elevate the membiane to in¬ 
spect the middle eai noi open the antrum oi attic In most 
cases, howevei, I am now following the plan of opening the 
mastoid antium and the attic Complete'Temoval of mastoid 
'celIs,~oi theTemoval of disease fiom aiound the ossicles, is 
done accoidmg to what pathology is found T he nosteno r 
supenoi segment of the tympanic membiane is ele\ated fiom 
the 7 annulus m most cases foi inspection of the middle eai 
Continuity and mobility of the ossiculai chain and middle eai 
windows is studied An effort is made to lemove diseased 
polypoid mucosa, gianulation tissue and cholesteatoma If 
this can be done without mtenuptmg the intact ossiculai 
chain the ossicles will be left The entne pais flaccida and 
the pars tensa may be lemoved without bieakmg the ossiculai 
chain if indicated 

If cholesteatoma oi gianulations completely sunound the 
ossicles, oi if disease has caused eiosion, they will be le¬ 
moved In seveial cases the ossiculai continuity had been 
destioyed by disease with fairly good pieseivation of the pais 
tensa In these cases the incus was lemoved, the head of 
the malleus was lemoved, and the lemaimng dium membrane 
was used to seal off the tvmpamc cavity below the oval win¬ 
dow ci eating a small tympanum 

Skin Giafts Giafts aie used to leplace oi covei aieas 
where the tvmpamc membiane has been damaged oi removed 
The usual souice is a free, full thickness graft from the post- 
auncular aiea Tympanomeatal flaps oi flaps from the canal 
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piepaiation foi this study, I have leviewed the smgical 
lecoids of some 125 cases which have been done at the White 
Memonal Hospital dui mg the last tlnee veais, including 61 
which I have peisonally been able to follow m moie detail 

In geneial, we have followed the punciples of Di Wullstein 
and have followed his classification foi the pui pose of this 
study Many details, no doubt, have fallen slioit of the pei- 
fection which he has attained, because of oui limited expeii- 
ence As I leviewed oui cases I was impiessed with my 
change m attitude towaid tempoial bone disease in the last 
few yeais In pievious yeais the available piocedmes foi the 
management of the diseases of the tempoial bone lesultmg 
fiom infection consisted pnncipally of the modified ladical 
mastoidectomy and the ladical mastoidectomy The question 
usually was, “Do we do a ladical mastoidectomy oi not 7 ” 

Thanks to the influence of Dis Jueis, Baion, Zollnei, 
Wullstein, and many otheis, oui thinking has changed fiom 
suigeiy of destiuction to that of lestoiation oi pieseivation 
As evidenced by oui lesults, theie is much piogiess to be 
made I anticipated that oui lesults might not justify any 
gieat sense of pude m accomplishment I do feel encouiaged, 
howevei, to find that we have helped many of these patients 
in a mannei that would not have been accomplished by oui 
loutme pioceduies a few yeais ago Now, instead of a cut- 
and-dned pioceduie, each case is a challenge, with its own 
paiticulai pioblem to solve It is appioached with the idea of 
doing whatevei seems necessaiy to eiadicate the disease and 
still conseive and leconstiuct the lieai mg functions 

I have studied 61 cases m quite detail and will leview points 
of mteiest 

Anesthesia By fai the most cases weie done undei geneial 
endotiactual anesthesia Theie is no hesitancy to use local 
anesthesia when desnable, especially foi the less extensive 
pioceduies 

Incisions In most all casesJ piefei the endamal incision 
I have not used the Heeimann incision, as advocated by Zoll- 
nei I have, howevei, used the postauiieulai appioach on 
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cases lesulted m good healing with intact tympanic mem- 
bianes, and five had a leciuience with a secondaiv perfoia- 
tion m the giaft Nine had good heaung (above 30 db ), two 
had pool heaung, and two had no lecoid of postopeiative 
heaung test 

In this gioup, which admittedly is very small, I find no 
con elation m the incidence of the bieaking down of the giaft 
and the size of the ongmal perfoiation Some of these had 
a lepan of a limited localized perfoiation and otheis had the 
entile tympanic membiane leplaced by a giaft 

Type II m this classification include those which have a 
slight defect involving the ossicles as well as the tympanic 
membiane The ossiculai defect is such that the ossiculai 

TABLE II 

_ TYPE 11—22 Cases __ 

Healing— 

Satisfactory _ _ _ __ _ - 16 

Perforations ....„.. ... „ _ _ _ 6 

Hearing— 

Incomplete Data _ _ __„_— ___ 4 

Not Improved _ _ _ __ „ _ _ 6 

Slighth Improved _ -__ - - ~_4 

Good Hearing_____ „ _ __ S 


chain can still be consideied functional in the lepan I have 
included those cases in which gianulations, cholesteatoma, 01 
fibious tissue was found m the attic 01 tympanum, but still 
could be lemoved without a majoi dislocation of the ossicles 

In tins gioup I leviewed 22 cases Sixteen of these had 
satisfactory healed cavities This means that the giaft is 
intact and appaiently viable, and that the mastoid cavity is 
diy 01 fiee fiom suppuiation with no moie than a modest 
amount of ciustmg and debus Six developed secondaiy 
peifoiations m the giaft, one of these was dunng an episode 
of i e-infection aftei an intact membiane had lemamed healed 
foi 18 months The audiometnc data was incomplete m foul 
cases, leaving 18 cases foi heaung companson Eight cases 
had good heaung (above 30 db aveiage), and ten had pool 
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wall may be used occasionally foi small defects Befoie ap¬ 
plying the giaft, all epithelium is lemoved fiom the lecipient 
aiea to avoid buiymg epithelium The piomontoiy will be 
denuded m some cases to piovide bettei souice of nutution 
foi the giaft If the mastoid cavity is laige, I piefei not 
to line the entile cavity with skin, but to allow it to gianulate 
m and epithehze itself So fai I have not used delayed 
giaftmg 

To maintain sepaiation of the giaft fiom the middle eai 
mucosa, and to pievent obliteiation of space, veiy small 
pieces of soaked gelfoam have been used m the hypotym- 
panum, the Eustachian tube aiea and the lound and oval 
window aieas 


TABLE I 

_ TYPE I—13 Cases 

Healing— 

Satisfactory 

Perforations 

Hearing— 

Incomplete Data 
Poor Hearing 
Good Hearing _ 


The physiologic demands necessaiy foi pieseivmg and ie- 
stonng heaung have been well piesented m foimei liteiatuie 
and reviewed by Di Goodhill These lequnements must be 
continually m mind when appioachmg each case 

Foi the puipose of discussing this senes I will bnefly 
summanze oui cases fiom each gioup Two factois weie 
considered, the type of healing lesult and the companson 
of pieopeiative and postopeiative healing 

Type I, as classified by Wullstem, includes those cases 
which have an intact and functioning ossiculai chain and 
lound window with some defect m the tympanic membiane 
In these cases a successful repan will lesult m an essentially 
noimal eai 

In this gioup, Type I, I leviewed 13 cases Eight of these 
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two there was no mipiov ement, and the hearing lemamed at 
the pieoperati\e level below 30 db 

Fiom a theoietical estimate tlieie should have been a bettei 
percentage of good healing cases in tins gioup As neai as 
I can determine, the chief cause foi pool healing was the 
lefoimation of adhesne piocesses with fixation of the flap 
and obliteiation of the tympanic space This impaiied the 
freedom of one 01 both of the two window s 

Type IV aie those cases m winch the ossiculai chain is en- 
tnely lost except foi a mobile stapes footplate The ideal 
lepan m these cases seems to be to create a small tvmpanum 

TABLE III 

_ TYPE III—10 Cases 

Healing— 

Satisfactorr_ 

Perforation or Drainage 

Hearing— 

Incomplete Data_ 

Not Improved_ 

Slightlv Improved_ 

Good Hearing_ 



with a pneumatic space w hicli communicates with the Eusta¬ 
chian tube and the lound window The oval window niche 
is not coveied at all with the giaft, and is left open to leceive 
ail-transmitted sound piessuie dnectlv The round window 
is protected fiom dnect sound piessuie bv the tympanic 
membiane This provides the phase differential that is 
necessarv m hearing 

The small tvmpanum mav be made ideally by the intact 
pais tensa if it has not been destroved bv disease In six 
cases I found this possible The ossicles weie all destroved, 
and the attic was diseased, but the pais tensa was sufficients 
intact to use it to seal off the tvmpamc cavitv just below the 
maigin of the niche of the oval window If the pais tensa 
is madequte to cieate tins small tvmpanum, then a skm giaft 
is applied m one piece to cover all of the tvmpamc area and 
extend upwaid to covei the attic. A small button hole is cut 





1486 


SYMPOSIUM TYMPANOPLASTY 


healing Of those with pool heaung, foui showed definite 
impiovement, but weie still below the 30 db level 

Theie weie thiee significant complications One was fol¬ 
lowed by a dead labyrinth A veiy laige cholesteatoma had 
eioded a segment of both the postenoi and horizontal canals 
On 1 emoving the mass of cholesteatoma, some of the endolym¬ 
phatic labynnth was pulled away About ten days aftei 
suigeiy this same patient developed a penchondiitis Foi- 
tunately, tins lemamed localized lelatively well in the lowei 
poition of the meatus near the tiagus and antitiagus, but was 
slow to cleai The oiganism was pseudomonas which, of 
couise, is lesistant to most antibiotics, and m my expenence 
is a tiouble makei The postaunculai appioach had been 
used on this patient, but may not have had any beaiing on 
this complication 

! Anothei patient developed a facial paialysis which at fust 
(was partial Duiing the fust week it became complete, but 
staited to lecovei aftei the thud week Recovery was slow, 
but was complete aftei 16 weeks 

Type III cases are those in which theie is a majoi defect m 
the ossiculai chain lequinng the lemoval of the incus and 
malleus, but pieserving the stapes This leaves the capitulum 
piotiudmg slightly above the level of the maigms of the niche 
of the oval window The tympanic membiane or giaft then 
is laid ovei the capitulum m contact with it The newly 
cieated tympanic membrane then lends sound piessuie tians- 
mission dnectly to the stapes, this being spoken of as the 
columellar effect Because the graft lies close to the piomon- 
tory and the pneumatic space of the middle eai is theieby 
made shallow, it is much easiei for adhesions to foim and 
obliteiate the space 

I leviewed 10 of these cases In seven the cavity was con- 
sideied to have healed satisfactonly, m two small peiforations 
recuned, and m one there was active secietion fiom an un¬ 
healed mastoid cavity Three cases had good hearing (above 
30 decibel level) Four cases had distinct and useful im¬ 
piovement m heaung, but still below the 30 decibel level In 
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this senes one case with a fixed stapes footplate was included 
m my Gioup III above A mobilization of the footplate was 
done and the graft placed acioss the capitulum Healing 
lesult was not good, furthei suigery is contemplated 

I will summanze oui fmdmgs m these 61 cases by com- 
bimng the lesults of all of the types presented 


table v 


SmnLAJU—61 Cases 


Healing— 

Satisfactory . _. _ 

4fi 

75% 

25% 

Perforations or Discharge___ 

Datn Tr»romp]ptp _ 

_ _15 

S 

Hearing— 



'c of 53 

Not Improved -- _ _ - 

Slighth Improved .. _. . 

... 10 

25% 

19% 

Good Hearing _ ... 

. 30 

56 % 


Forty-six (oi 75 4 pel cent) weie consideied to have satis¬ 
factory healing with no perfoiations Fifteen had perfoia- 
tions oi active dischaige In eight the audiometnc data was 
incomplete, leaving 53 cases foi pieopeiative and postopeiative 
hearing companson Of the 53 cases, 30 (56 6 pei cent) 
showed a hearing level above the 30 db loss m the speech 
lange Eleven weie improved but below 30 db Twelve 
weie not improved 

Admittedly, this is a relatively small senes of cases and 
does not justif\ any fixed long lange conclusions It does 
lend encouragement foi further efforts m this field Time 
and experience mav never, solve all of the problems w r e face m 
this woik It does seem that anothei new field of otology 
has been opened up and that many advances may be expected 
m the future 

I am indebted to otheis on my staff who have allowed me 
to leview then cases and assisted by giving me clinical and 
audiometnc data Dr Emery Pick, who was the fust to 
bring Wullstem’s and Zollnei’s woik to this city, has been 
especialh helpful 
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out of the giaft conespondmg to the oval window, leaving it 
uncoveied Seveial cases m this group have given siupusing 
lesults with heai mg m the speech lange avei aging 18 to 22 
db 


The lecoids of 16 patients of this type weie studied In 
15 cases the cavity and giaft weie consideied to have healed 
satisfactory and one developed a secondaiv peifoiation fiom 
le-mfection Ten cases (62 pei cent) had good healing 
(above 30 db ), two showed impiovement, but below 30 db, 
and thiee showed pool heaung with no impiovement 


TABLE iv 
TYPE IV—1G Cases 


Healing— 

Satisfactorj 
Perforation _ 

Hearing— 

Incomplete Data 
Not Improved 
Slightlj Improi ed 
Good Hearing 


Peicentage wise this group gave the best lesults of all 
gioups, and Gioup III gave the woist Factois favoung 
Gioup IV aie 

Fust, only a small pneumatic space is needed, and this is 
m the legion wheie the tympanic cavity is the deepest and 
most easy to preseive 

Second, the shoit length of skin giaft budging fiom one 
point of contact to the next makes the nutution of the graft 
less cutical 

Thud, m these cases the greatest damage by the disease 
was m the attic with a lelatively less seveie change in the 
hypotympanum The skm giaft is less likely to adheie to 
a noimal mucous membiane surface 

Wullstem's Type V aie those which have a fixed stapes 
footplate In these cases a stapes mobilization oi a fenestia- 
tion must be combined 'with othei pioceduies as indicated In 
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Though it has not been mentioned I do not doubt that oui 
speakeis advise using the Zeiss micioscope foi tympanoplasty 
Wullstem, himself, makes the point that his woik consists of 
two things first, micioscopic conti ol m the eradication of 
infection, second, the lestoiation of function 

Anyone who has seen Pi of Wullstem will lealize that 
tympanoplasty is not a set opeiation What is done depends 
upon v hat is found, and an operation may take seveial hours 
This is necessary m oidei that all infectious matenal is le- 
moved fiom the tympanic space befoie it is closed m by skm 

I have always felt that the dan gei in tympanoplasty comes 
fiom burying sepsis undei^ skm Wullstem and Zollnei aie 
fully awaie of the dangei of tins, but I know fiom my own 
expeilence and fiom what I have seen of otheis that not 
everybody is so caieful and painstaking in eiadicatmg every 
little bit of pathology so that nothing is left behind One of 
mv filends who is very keen on this woik and whose opinion 
I value highly, said that foi every ten cases m which he hoped 
to end up with a Wullstem Type II operation—that is to say, 
leaving the ossiculai chain moi e 01 less intact—this happened 
only m three In the remamdei, he had to lemove the malleus 
and incus m order to eradicate the infection Aftei what we 
have heaid fiom Di House today, it looks as though it might 
be a good idea to clip off the ciuia of the stapes as well 

In stiessmg the importance of not buivmg sepsis undei 
skm, I have m mind that oui fust duty to a patient with a 
chiomc suppurative otitis media is to make that eai safe 
If we sacufice that pi maple in the hope of saving 01 lestoimg 
hearing—laudable though the idea may be—then we aie not 1 
doing oui duty 7 to the patient Infection and its evei piesent 
dangei of spiead lntiacianially, must be eradicated befoie 
starting to save 01 restoie heaung 

When it comes to the question of the skm gi aft, the speakei s 
this morning, like Wullstem and Zollnei, use_full thickness 
skm taken fiom behind the ear Some woikeis aie claiming 
good lesults when using split thickness grafts which thev 
find aie less mutating, and aie moie likeh to survne than 
whole skm It is, liowevei, maintained that the whole skm 
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Moderator Sooy Thank you, Di House We will now 
have Di Cawthoine’s conti lbution to this Symposium 


Summary and Remarks 

Terence Cawthorne, M D (London, England) I still 
do not quite know why I was called on to summanze this dis¬ 
cussion, because my expei lence and knowledge of tympano¬ 
plasty is veiv slight, howevei, I have learned a gieat deal 
fiom the discussion this morning 

I think we all lealize what a gieat debt we and the whole 
woild owe to Pi of Zollnei and also to Pi of Wullstem foi 
then oiigmal woik in this field, and foi aiousmg oui mteiest 
in the lestoiation of function wheie it was always assumed 
that it was not possible to lestoie function 

Di Goodhill mentioned the importance of the diffeiential 
sound piessuie, and we aie indebted to Di Wevei and to Di 
Lawience foi the cleai explanation of this, which appeals 
m then book “Physiological Acoustics ” 

Di Goodhill also mentioned ankylosis of the stapes Now 
I cannot lesist saying that it is not veiy often that the stapes 
becomes ankylosed m the tiue sense of the woid “Ankylosis” 
and “fixation” as applied to a joint mean that the joint is 
fixed, that it won’t move, I do not believe that in otoscleiosis 
the stapes is often so fixed If it weie, little 01 no sound 
would get tlnough and the patient would be veiy deaf, indeed 
I think that usually it is impeded When it is leally fixed, 
and I have undei the micioscope seen the stapes buned up to 
the neck m otoscleiotic bone, that patient has had a 95 decibel 
loss in heaung Such a healing loss does not necessanly in¬ 
dicate pool cochleai leseive I think that it is piobably one of 
the physical effects of complete ankylosis of one oi both 
windows, and that cochleai function may be unimpaned 

With legald to the question of approach, I have always 
thought that one should be familial with any of the tluee 
appioaches to the middle eai postenoi, endauial 01 endo- 
meatial Only then is one leally m the position to be able to 
choose the appioach most suited to the opeiation 
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chaxge granulations or cholesteatoma, a good functional le- 
sult is not necessarily sacuficed bv a thoiough cleaiance of 
the middle ear including most of the ossiculai chain. 


PROGRAM OF THE SEVENTH INTERNATIONAL 
CONGRESS OF BRONCHOESOPHAGOLOGY 

Meeting Place—Kyoto University, Kvoto, Japan 

Fuday, September 12th, 1958 

8 00 P M -10 00 P M —Reception (Partv) Shmiomura 

House in Kyoto 

Saturday, Septembei 13th 

S 00 AM—Inaugural Session (m Kyoto University Hall) 

9 00 A.5I -12 00 M —First Scientific Session 

12 00 M -2 00 P 51 —Luncheon (Reception The Place not 
decided) 

2 00 P 51 -6 00 P 51 —Sightseeing m Kyoto 
8 00 P.M —Banquet, 5Iivako Hotel 

Sunday, September 14th 
8 00 A.5I -11 30 A.5I —Second Scientific Session 

11 30 A 51 -12 00 M —Closing Ceremony 

12 00 M—Departure for sightseeing m Naia 

1 00 P 51 —Luncheon, Nara Hotel. 

2 00 P M -6 00 P31 —Sightseeing m Nara 
7 00 P 51 —Return to Kyoto 
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gives a bettei chance of maintaining an ail space m the lowei 
part of the tympanic cavity 

Now this is veiy important, because foi good healing it is 
necessaiy to have an an space including the lound window 
and the Eustachian tube but sepaiated fiom the oval window 
Both Zollnei and Wullstem lay gieat stiess on this, and thev 
start inflating the Eustachian tube soon aftei the opeiation 

Theie is one othei question which has not been mentioned 
yet which is of intei est Should tympanoplasty be advised foi 
unilateial eai disease 01 should it be leseived foi bilateial 
cases 7 Piobably when one is beginning it would be quite a 
good plan to stait on unilateial cases, because failuie to 1 m- 
piove healing would not be so disappointing foi the patient 

I have one final woid about the Type I type of case, my- 
ungoplasty One of my colleagues, Stuart Mawson, has 
been doing quite a numbei of myimgoplasties and has been 
getting lemaikably good lesults He woiks thiough an 
endomeatial incision on eais with laige perfoiations The 
eai must be diy and theie must be no suggestion of any 
chionic disease within the attic The patient is laid up foi a 
day 01 two at the most The peifoiation is coveied with 
full thickness skin, and m a veiy laige piopoition of the 
cases, the peifoiation is peimanently closed 

Besides impioving heaung it usually prevents the lecunent 
bouts of otitis media, which with laige perfoiations so often 
follow on moistuie getting into the eai This avoids -having 
to take special caie when swimming, having a showei 01 a 
han shampoo 

Finally, I was veiy mteiested to note that in the senes just 
quoted by Dr Goodhill and his colleagues, then best functional 
lesults followed eithei mynngoplasty 01 wheie the only part 
of the ossiculai chain left as the footplate of the stapes (Wull- 
stem Type I and Type IV) , thus if the suigeon can satisfy 
himself that he is dealing only with a case of lecunent otitis 
media with a laige cential peifoiation, mynngoplasty is a 
safe and functionally satisfactoiy opeiation Wheie the 
tympanic sepsis is peisistent, and paiticulaily when theie is 
evidence of bone disease 01 eiosion m the shape of foul dis- 
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vocal piocess on each side It appears as a giayish-wlnte, 
sometimes led, -wrinkled div thickening of the mucosa 

Microscopically, keiatosis is lecognized by thickening of 
the epithelium, especially in the comified stiatum As m 
leukoplakia, theie may be evidence of clnonic inflammation 
m the otliei mucosal layeis 01 m tlie sub-mucosa This is 
lecognized by the piesence of lymphocytes and plasma cells, 
howevei, the most important factoi m determining the malig¬ 
nant tendency of a giowth is the piesence of cell atypism In 
the most senous type of hypeikeiatosis theie is piohfeiation 
of the pnckle-cell layei, and also the basal layei of cells, but 
the basal layei m the true keiatotic lesion will lemam un- 
bioken The epitlielium may send piojections into the sub- 
epithelial tissue, but the cells of the basal layei remain intact 

It is felt that those showing evidence of clnonic inflamma¬ 
tion and those showing involvement of the deepei layeis of 
epithelium aie moie likely to metamoi phose into malignant 
giowths At anv late the piesence of atypical cells m the 
epithelium signifies beginning caicinomatous changes, and if 
these aie pionounced enough the diagnosis is “caicmoma ra- 
situ " When the micioscopic pictuie shows mfiltiation into 
the subepithelium tissue, that is, the basal layei of cells aie 
bioken thiough by gioups of caicinomatous cells, we have a 
ti ue invasive cai cmoma 

Since the appeal ance of a lesion cannot always help us in 
determining the piesence of mahgnancv we must depend upon 
the biopsy, but fiequently a biopsy may be taken fiom an 
aiea that does not vet short the malignant changes The 
entile lesion, if it is a laige one, cannot be examined micio- 
scopically, and the malignant changes maj take place ovei a 
long penod and at the time of the biopsv, none of these 
changes as vet have occuned 

We must, theiefoie, appioach the pioblem with constant 
awaieness of the dangei of complacencv and treat a keiatotic 
lesion with atjpical cells as though it veie malignant, and yet 
we must not be too ladical m all cases of hypei keiatosis We 
come to the conclusion, then, that cases must be consideied 
individually, accoidmg to the site of involvement, the extent, 



THE MANAGEMENT OF HYPERKERATOSIS 
OF THE LARYNX *f 

Arthur J Cracovaner, M D , 

New Yoik, N Y 

The management of hypeikeiatosis of the laiynx is fi aught 
with difficulty because some of these lesions aie consideied 
piecanceious, and the pioblems involved may defy even the 
most expei lenced laiyngologist 

We know that hypeikeiatotic aieas in the laiynx may 
slowly and without changes apparent to the eye, develop 
definite malignant chaiactensties Since these changes fie- 
quently aie not lecognizable by visual examination, we must 
depend upon the microscopic diagnosis, second, we must con- 
sidei the hypeikeratotic lesion as a malignant one, always 
awaie of the fact that at any time the metamoiphosis into 
cancel may take place 

Hypeikeiatosis of the laiynx appeals as a thickening of 
the layeis of the epithelium, especially the coimfied portion 
When it is seen as slightly laised, rather dense and thickened, 
white supeificial plaques with evidence of inflammation, it is 
sometimes called leukoplakia Hypei keratosis, also lefened 
to as keiatosis, may be localized 01 diffuse m the laiynx It 
may occui on one coid as a giayish white, sessile giowth 01 
it may be seen occasionally as a led thickening on the cold 
It may appeal as a white, waity giowth with sharp, spiny 
piotubeiances It may involve all or a poition of both vocal 
coids, 01 spiead to the ventucle and/oi subglottic aieas A 
typical diffuse type of hypeikeiatosis is known as pachydei- 
mia of the laiynx This is an involvement of the inteiaryten¬ 
oid aiea that extends onto both vocal coids, usually up to the 

•Read at the meeting of the Eastern Section American Laryngological 
Rhlnologlcal and Otologlcal Society Inc Philadelphia Pa Jan 9 1968 

tFrom the Department of Bronchology and Laryngeal Surgery Nop 
Y ork Eje and Ear Infirmary and Otolaryngologlcal Ser\ Ice Lenox Hill 
Hospital 

Editor s Note This manuscript received in The Laryngoscope Office and 
accepted for publication Feb 27 1968 
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Fig: 2 Leukoplakia Thickening- of the corlum not marked thickening 
of the deeper epithelial layers more marked than on Fig 1 adjacent 
connecthe tl**ue contain* Ivmphocytes some cell atvplsm (dark staining 
In basal laver) 
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size and appeal ance of the lesion as well as the micioscopic 
findings It is haid to foimulate haid and fast lules, but we 
hope to indicate what we feel is best m certain typical cases 

On examination of an eaily hypeikeiatotic lesion, one would 
see a small white, elevated, thickened patch on a vocal cold, 
peihaps seveial plaques on both vocal colds They aie usually 
seen on the uppei suiface of the cold, pel haps on its edge 



Fie 1 Hyperkeratosis Marked thickening- of the corium moderate 
thickening: of the deeper epithelial lav ers no significant cell atypism no 
Inflammatory reaction in the underlying connective tissue 


It is felt that hypeikeiatotic lesions m geneial aie due to 
chiomc nutation Such nutation may be caused by excessive 
smoking, by excessive use of alcohol, by abuse of the voice, by 
inhalation of fumes and dust, they may also be caused by 
lepeated uppei lespnatory infections brought on by chiomc 
infection m the sinuses and pharynx (see Case 3) If these 
etiological factois can be eliminated then the hypeikeiatotic 
aieas may subside oi at least not mciease m size, so that 
this is the fust advice that is given, and the patient is kept 
undei close obseivation If this type of lesion does not dis- 
appeai it is lemoved by direct laiyngoscopy 
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Fie 3 Carcinoma *n situ As In Fie - but the basal Inter of cells are 
quite atypical and show the characteristics of carcinoma le. laree nuclei 
atypical chromatin arrangement laree nuceoli htperchromatlsm large 
atvplcal shaped differentiation of squamous cells 
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The keiatosis may appeal as localized umlateial 01 bilateial 
thickenings The lesion may piesent itself as a giayish-white 
aiea on the coid that shows evidence of chiomc inflammation 
The hypeikeiatosis may take the foim of white, warty, buttle 
appealing exciescences on one 01 on both coids Othei keia- 
totic lesions appeal as whitish 01 led papillaiy giowths It is 
felt that the piesence of inflammation m 01 aiound the lesion 
01 the warty, papillomatous giowths aie moie likely to become 
malignant and yet the sessile, led thickening of the vocal coid 
may on occasion be leported as “caicmoma in-situ” Some 
of the above mentioned giowths may subside undei the legi- 
men of elimination of the causative factois alieady indicated 
(see Case 2), but usually it becomes necessaiy to lemove the 
keiatotic lesion by biting off the involved aieas oi stuppmg 
the coids undei dnect laiyngoscopy (see Case 1) Caieful 
and fiequent observation is most important, since at any time 
the lesions may reeui (see Case 4) If they do, moie ladical 
therapy is indicated, since we know we aie dealing with a 
growth that may become malignant 

Peihaps we would attempt seveial lemovals of the giowth 
by dnect laryngoscopy, but we will note that with each le- 
cunence the interval is shorter, the giowth seems to glow 
fastei (see Case 8) It is best, then, to lemove the lesion by 
doing a laryngofissure opeiation Foi those accustomed to 
the technique, there may be cases with lesions small enough 
to be lemoved by suspension laiyngoscopy, as suggested by Dr 
LeJeune Perhaps in the case of the lesion on an inflamed 
coid and the warty, papillomatous lesion we would be moie 
inclined to do a laiynofissure without attempts at stripping 
the cord Clinical experience and judgment on the part of 
the laryngologist will dictate the pioceduie to be followed 
(see Cases 5, 7) Of couise, if at any time the microscopic 
findings indicate the presence oi the suspicion of malignancy 
the giowth is tieated as one usually tieats a carcinoma Theie 
aie some hyperkeiatotic lesions that spread eithei to the 
subglottic aiea or to the ventricle These should also be re¬ 
moved by laryngofissure (see Case 6) 

So far it does not seem complicated, but when we have a 
keiatotic lesion lecuirmg on both vocal coids, peihaps ex- 
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Fie 4 Squamous cell carcinoma, showing the characteristic? of carci¬ 
noma mentioned in Fist 3 
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tending to the ventucle 01 the subglottic aiea, the situation 
is moie senuos We hesitate to do a laiyngectomy m such a 
case when theie is no definite micioscopic evidence of malig¬ 
nancy Even if some metamoiphosis that indicates beginning 
malignant changes is taking place, we will hesitate to do a 
laiyngectomy, since the lesion is supeificial, not mfiltiating, 
and both coids move noimally These cases sometimes do 
well undei ladiation theiapy (see Cases 10, 12) Some lecom- 
mend a paitial tumoi dose, otheis give a full tumoi dose, 
accoidmg to the pathological pictuie and the piogiess duung 
the theiapy Some laryngologists state that the vocal coids 
letum to then noimal appeal ance, but that has not been my 
expeilence The coids seem to be thickened and white, and 
one must keep these patients undei close obseivation foi ie- 
cuilence of a hypeikeiatotic lesion It is felt that partial 
doses aie less likely to cause mucosal changes within the 
laiynx, and the coids appioach the moie noimal appeal ance 
One wondeis whethei we should chance the partial dose Un¬ 
dei radiation theiapy one can nevei be sure of a cuie, certainly 
not so suie as when a lesion is lemoved suigically We ie- 
peat then, a case of hypeikeiatosis that would lequne a laiyn¬ 
gectomy foi complete removal is first tieated by X-iay 

Occasionally one encounters a case wheie an entile cold is 
involved, and the growth extends acioss the antenor com- 
missuie foi a short distance on the othei coid (see Case 7) 
This can be treated by doing a bilateial thyiotomy, as sug¬ 
gested by Kemlei, oi the partial antenoi laiyngectomy as 
suggested by Jackson 

The cases that aie puzzling aie those known as pachydeimia 
of the larynx, wheie the inteiaiytenoid aiea and pait of both 
vocal coids aie involved To eradicate this disease suigically, 
one would lequne laiyngectomy These patients aie best 
tieated by stuppmg the involved aieas, by eliminating the 
nutating causes, and by close obseivation If any malignant 
changes do occui a laryngectomy becomes necessary 

Theie is an occasional case where the tumor becomes veiy 
extensive, and, even though on lepeated biopsy they aie le- 
ported hypeikeiatotic lesions, they should be tieated by 
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Fie 4 Squamous cell carcinoma showing the characteristics of carci¬ 
noma mentioned In FIp 3 
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laivngectomv (see Cases 9, 11) Recently we had the ex¬ 
pel lence of piociastmatmg on just such a case because \vc 
found no evidence of malignancy nuci oscopicallv, but clinically 
it was a caicmoma it spiead down the tiachea, involving 
the tiaclieal stoma, mfiltiated the tissue m the neck, and ic- 
sulted fatally 


CASE REPOU'IS 

Cast 1 11A—White, male, ago 70 Horn seness foi main \cais Theio 

was a led thickening on the antei loi twothlids of the loft \tical coid 
This men was stiipped vindei dliect lmmg 08 cop\ The mlcioscoplc 
diagnosis was ketatosls with some attpicul cells, no oMdence of lnallg 
nane\ Tills patient lias been under obsenation foi tinoo \enis, with no 
i eun l once 

Own ~ E M—White, male, age 12 Hlston of hoaiseness foi thioc 
months Tlieie was a small tnegulai lumoi In the mtciloi tlilid of the 
left \ocal coid This was l emoted undci dliect lai\ngoscopi The dlug 
nosls was lnpeikeiatosls ot the local coid with no eildence of limlignnnci 
The patient was adilsod to undeigo a leglmen to eliminate ti i Hat Ion of 
the laim\ He has lemnlncd fiec from ieminence fm oiei a leai 

Can 7 S H—Age 00, w F The patient had a hlston or lecnning 
attacks of lanngitls The last attack had been piesent foi tom months 
On examination she had a led, (lij, granular appealing local coid The 
diagnosis was lanngitls sicca The patient had a clnonic sinusitis 
postnasal pus and ntioplitc appealing mucosa of the phaiinx On dliect 
laiingoscopi tlieie was thickened, inegulnt mucosa 1molilng the ante 
lioiil men and the local cords The mlcioscoplc diagnosis of the tissue 
obtained was Inpeikeratosis, no eildence of mnllgnanci The patient 
impioied on tieatment of the clnonic sinusitis It Is tmpoitaut to point 
out that In tills case tlieie weie no atiplcal cells and, theietoie, It would 
not he constdeied a piecanceious lesion 

Cast } 1 T—Age t>0, W M In Mai, 1*155, he gaie a hlston of lioaise 

ness foi tlnee weeks lie had a lesion iniolilng the left local coid, It 
appealed white and Inegulni On dliect lnnngoscopt the coid was 
stiipped The mlcioscoplc diagnosis was keiatosls with cell atipisin of 
the left local coid No eildence of mallgniinci In Mai, 3*150 the pntlent 
agnln coniplntned of hoaiseness foi two months Tlieie w is a whitish 
supeitlclal lesion on the light local coid extending fiom the antei loi 
conmilssuic to the middle tlilid of the coid This men was stiipped 

undoi dliect Imingoscopi The microscopic diagnosis was Inpeikeintosls 

of the light local coid with slight atiplsm hut no changes lmllentlie of 
carcinoma at piesent In Tune 1*151), tlieie was a lecm lence of the 
lesion that Imolied the middle tlilid of the light local coid, the ding 
nosls was lnpeikeiatosls with grnnulntlon foi mat Ion This patient has 
been undei ohseiiatlon and tlieie has been no eildence of lecunence to 
date 

Cast 7 A S—Ago 01, W M This patient gaie a hlston of lionisi 
ness foi tlnee months He had a huge keintotlc appealing lesion on the 
light local coid and subglottic men Seieinl specimens foi biopsi ie 
lonled lnpeikeiatosls with suspicious mens of cdlulm aetliiti and con 
slderahle Inflamniatlon Hecnuse this was a wmti, Inegulni nppimlng 
lesion that Imolied the subglottic men a Inn ngoflssm i w is peifonned 
with lemoinl of tlie entile giowtli The pathological diagnosis of the 
laringoflssuie specimen was cmcinoma in w hr in a lnpeikeiatotlc lesion 
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Fig: 5 A.—leukoplakia B—Keratosis C—Fachvdermln D—H\ per- 
kerntosis with carcinoma In *Itu E—Hi perkei-ntosls y\ Ith carcinoma In 
situ F—Bilateral Hvperkeratosls 


This patient unfortunately died of carcinoma of the right upper lobe with 
metastases a rear later 

Case b II C-—Age 77 TV M This patient had five endolan ngeal re¬ 
movals of polvpl and keratotic lesions Two vears prior to admission he 
had had a tracheotome at another hospital At this admission he was 
having respiratOTv difficulty He had a large gravish white cauliflower 
lesion in the glottic lumen apoarentlv arising from the anterior third 
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of tlie left vocal coid Aftei the preliminary traclieotomv a larjngo 
fissuie was performed and a shaiply circumscribed, elevated whitish 
lesion was removed from the inferior suiface of the left weal cord and 
subglottic area The pathological diagnosis was hypeikeratosis of the 
laivnx with no anaplastic changes noted The patient has remained well 
to date four yeais This is an example of persistent lecunence of a 
laryngeal lij perkeiatosis and the giowth of the lesion to such an extent 
that it gives laryngeal obstiuction It is significant too that no evidence 
of carcinoma was found, e\en aftei the laryngofissuie 

Case 7 P P—Age CO, W M In Apiil, 1955, complained of hoarseness 
for several months He was a heavy smoker and drinker On examina 
tion a whitish lesion was found covering the anterior two thirds of the 
left vocal cord, reaching the anterior commissure Aftei a direct lann 
goscopy, the biopsy revealed a keratotic lesion of the left vocal cord 
with some cell atvpism malignant transformation not evident Because 
of the appearance of this lesion a laryngofissure was done The left 
xocal cord was removed and since the lesion extended acioss the anterior 
commissure on to the right vocal cord a small poition of the latter was 
removed The diagnosis was left vocal cord leukoplakia with caicinoma 
in situ, the right vocal cord showed leukoplakia of slight to moderate 
extent The patient has remained well, though he lias a small web in 
the anteiior commissure This case illustrates the fact that if the lesion 
is large and irregulai and when the microscopic section shows some 
atypism, it is best to do a laijngofissure immediateh A carcinoma hi 
situ was found on complete removal of the growth 

Case 8 H S-—Age 49 W M This patient complained of honiseness 
foi six months There was a lesion on the middle third of the left vocal 
cord It was granulomatous grayish white in appearance It was re¬ 
moved by direct laryngoscope The microscopic diagnosis was hyper 
keratosis of the vocal cord There was evidence of Inflammation in the 
underlying tissue Three weeks later there was a recurrence of the 
lesion in the left mid subglottic area This was lemoved and on micro 
scopic examination revealed a carcinoma in situ Two weeks later a 
laryngofissure was performed and the diagnosis was epidermoid card 
noma very eaily, showing slight infiltration of the underiving tissue 
This is a case of In perkeiatosis in which the metamoi pliosis into a card 
noma occurred rapidly or perhaps as is more likely the tissue was taken 
from the areas where the carcinoma did not appear 

Case 9 M D—Age 55, W M This patient appealed June, 1956, with 
a complaint of pain on the light side of his neck There was an enlarged 
node over the caiotid on the right side On larjngeal examination there 
was a superficial gravisli ulceration on the posterior surface of the right 
side of the epiglottis and right arjepiglottic fold extending down to the 
anteiior commissuie The left vocal cord was a little i oughened blopsv 
was taken Diagnosis was hypei keratosis with a few atjpical cells no 
evidence of malignancx Since a carcinoma was not definitelj found in 
the larjTix we decided to remove the enlarged lvmplio node This was 
reported as chronic lj'mphadenitis In Sept 1956 the lesion looked about 
the same except that it seemed to extend on to the right vocal cord An 
other biopsy' at this time levealed carcinoma in situ developing in lijper 
keratosis of the larjmx A larvngectomj' was performed and the diagnosis 
was squamous cell carcinoma of the larynx microscopic examination of 
the vocal cord itself showed livperkeratosis This patient lias lemained 
well for over a vear The case illustrates again that the biopsv mav be 
taken from an area that does not reveal carcinoma "When one is suspi 
clous of carcinoma the biopsv should be repeated 

Case 10 E G—-Age 49 W F This patient complained of hoarseness 
for two vears Both vocal cords were thickened and drv, the right ap 
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peared more imolved than the left The interarvtenoid area was also 
thickened and irregular The tissue removed from the larvnx revealed 
a hvperheratosis of the vocal cord and interarvtenoid area with slight 
atvpism This patient was referred for radiation therapv She has 
remained well for two years 

Case 11 J G —Age 75 "W M In December 195-1 this patient had 
ulcerated appearing vocal cords but no fixation of the cords The cords 
were thickened white and had an irregular, wartv appearance The 
diagnosis on biopsv was leukoplakia with considerable cell atvpism not 
vet definite carcinoma Two months later the lesion looked worse and 
the blopsr revealed squamous cell carcinoma A larvngectomv was per 
formed and the patient has remained well to date It is possible that a 
case of this sort should haie been treated bv radiation therapy but It was 
felt that this wartv extensive lesion should be removed surgicallv 

Case 12 H S—Age 63 T M Jan 195S this patient had had hoarse¬ 
ness on and off for 15 rears The recent attack of hoarseness had lasted 
four months He had a reddish thickening on the left \ocal cord and a 
white plaque on the right vocal cord A biopsv of the left vocal cord 
was reported as malignancv of a Ion grade The right vocal cord was 
reported as leukoplakia He was sent for radiation therapy and has 
remained well however, he does have thickening of both vocal cords 


CONCLUSIONS 

1 Those hvpeikeiatoses that show cell atypism aie senous 
because they aie piecanceious Since it is sometimes difficult 
to tell it hen the lesion will become cancel ous it should be 
tieated as a potential malignancy 

2 The eaih lesions aie tieated by stripping the coids undei 
dnect laryngoscopt and eliminating nutation due to tobacco, 
alcohol, abuse of the voice, infection, etc 

S Recta lent lesions on one vocal coid oi laige warty lesions 
on one coid that imolve the \entucle and/oi subglottic area 
aie tieated bv larvngofissure 

4 Recuirent lesions on both vocal coids aie tieated bv 
ladiation therapv, and if unsuccessful bv laryngectomy 

5 Extensive larvngeal mvohement should be treated bv 
laryngectomv 

I am indebted to Di Geoige K Higgms for his help in the 
pathological aspect of this papei 
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POST GRADUATE COURSE 
UNIVERSITY OF ILLINOIS 

The next postgraduate course m Laryngology and Bioncho- 
esophagology to be given by the Univeisity of Illinois College 
of Medicine is scheduled foi the period Octobei 27 through 
Novembei 8, 1958, under the direction of Dr Paul H Holmgei 

Interested legistiants please write to Depaitment of Oto¬ 
laryngology, Univeisity of Illinois College of Medicine, 1853 
West Polk Street, Chicago 12, Illinois 
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introduction 

To many otolaryngologists, the subject of leconstiuctive 
nasal suigeiv sounds bioad and includes all phases of llnno- 
plastv Actually lhmologists who perfoim tlus opeiation use 
tins tenn in a moie limited sense Total nasal leconstiuction, 
such as the use of foiehead flaps foi the leplacement of 
partial 01 total loss of the external use, is m the lealm of the 
plastic suigeon One mav justly wondei then, how this fits 
into oui field of llunologv 9 The otolaryngologist, b\ tiainmg 
and everyday piactice, has always concenied hmiself with the 

•Read as part of a Svmposlum at the Sivt\ -Second Annual Meeting of 
the American Lari ngologrical Rhlnological and Otologlcal Socleti Inc 
San Francisco Calif Ma\ 22 iaoG 

^Department of Otolarvngolog' Washington Lnl\ersit\ School of Medi¬ 
cine St Louis Missouri 

Editors Note This manuscript received In The Lara ngo«cope Office and 
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1507 



1508 


SYMPOSIUM NASAL SURGERY 


function and health of the nose A few, by gieatei expeuence, 
have become moie involved with plastic suigery m its stnct- 
est sense Thus, a casual obseivei may considei a llunoplasty 
as a puiely cosmetic pioceduie, and natuially wondeis about 
the functional impiovement claimed by such an opeiation 

I shall tiy to covei buefly foui questions m a geneial way 

1 What do you do ’ 

2 Why do you do it? 

8 Do you accomplish what you claim physiologically’ 

4 How impoitant is this ’ 

It is not my intent to compaie diffeient schools of thought 
oi to answei these foui questions specifically, but to give a 
fundamental philosophical concept of handling a nasal piob- 
lem 

It would be an easy mattei to discuss this subject if the 
functional considei ations foi this suigeiv weie cleaicut We 
owe a gieat deal of the piesent knowledge on the physiology 
of the nose, the nasal mucosa, tuibmates and sinuses to the 
pioneei woik of Jonathan Wnght, Zwaademakei, Giay, Yates, 
Haitz, Pioetz, Hildmg and many otheis Di Pioetz has said 
that the noimal nose is one that is symptom fiee, smoothly 
bieathmg with slit-like passages 1 It is to him that we owe 
the undeistandmg of how an cunents pass thiough the nose 

On the othei hand, such functional altei ations as deviation 
of an cunents and dnection of flow ascnbed to minoi an¬ 
atomical vanations of the external nasal pjnamid and lobule 
fiom the "noimal” aie not so well known Some ideas have 
been expiessed that tiaumatic mjuiy which causes flattening 
of the lobule, and bioademng of the base will conveit elongated 
to lound nostnls and may then altei an cunents and cause 
symptoms 

It has been fuithei expiessed that the suigical collection 
of the lobule, oi a deviated pyiamid, back to "noimal” offers 
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a moie noimal and harmonious lelationship of the vanous 
anatomical parts with the objective of bieathmg bettei Good 
anatomical lestoiation can be quickly detei mined by compai- 
mg a pieopeiative photogiaph with the opeiative lesult, but 
one cannot alwavs demonstiate a functional impiovement 
The teim function has been used all too loosely, and it may be 
invoked as a necessaiy pierequisite foi a nasal opeiation 

No one will deny that when the septum obstiucts one nostnl, 
01 is deviated so as to cause peisistent impairment of the an- 
way, suigical collection will give a satisfactory impiovement 
m that patient It does not necessaiily follow, howevei, as 
fai as very external nasal structuie is concerned, that im¬ 
portant physiological significance need be attached foi eveiy 
aiclntectiual abenation fiom “noimal” An expiession of 
an opinion is one thing, but facts documented on objective 
findings aie anothei 

Oui pioblem then, is just what is the noimal nose’ Aie 
anatomical vanations fiom "noimal” abnoimal foi that pa¬ 
tient’ The lestoiation of an obstiucted nose to “normal,” to 
some may be moie in teims of function, to otheis an emphasis 
on cosmetic appeal ance The lattei may be art, but it certain¬ 
ly is not science The rhmologist is concerned with bieathmg 
01 the symptomatic counterpart nasal obsti actum The les¬ 
toiation of such an airway is his mtei pi etation of what an 
adequate airway should be Since the nose cannot be com- 
paied to the highly developed sensory oigan, such as the eai 
oi eye, m that we cannot objectively measuie what is taking 
place with respnation, we have no unit of measuiement 
similar to the audiometei and speech test m audiology One 
mterpiets the patient’s complamt of nasal obstruction on the 
anatomical findings and can attempt to evaluate it only 
physiologically This is our one cuteiion foi suigery 

Since the impressive woik of Pioetz, 1 we have not advanced 
significantly in the field of phj siology of the nose to the point 
v here one can i elate function with anatomic changes of the 
entile nose We have made lemaikable advances m tech¬ 
niques of lhinologic surgery m terms of piesen r ation of 
tuibmates, and nasal mucosa and avoiding radical sinus 
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suigery, but as yet we have no way of measunng nasal func¬ 
tion m 1 elation to the lowei lespnatoiy tiact Theie aie 
lough methods foi measunng airway by bieathmg upon a 
cool, polished metal suiface, 01 moie lefmed methods using 
the nasometei 01 lhinometei We have taken measuiements 
m vanous lhmologic diseases wheie nasal obstiuction is pies- 
ent by using the lhmomanometei 2 3 While the latter obseiva- 
tions aie impoitant, this does not tell us too much about the 
physiology of bieathmg oi respiration fiom the nose to the 
lung Simultaneous observations on the nose and lung fiom a 
functional point of view that aie being made undei contioiled 
laboiatory situation, show that theie may be some impoitant 
lelationship 4 Why is it that a person with chionic lung 
disease complains of nasal obstiuction, and Ins symptom of 
dyspnea is lelieved if he can bieathe bettei through the nose’ 
Why does the occasional patient with a badly obstiucted nose 
complain of dyspnea’ Such pioblems aie now under in¬ 
vestigation 

The lack of objectivity m evaluating lesults (othei than 
cosmetic impiovement), the maiked variation m complaints 
m patients with the same anatomic deformities (the psycho¬ 
somatic and psychiatnc aspects), the pool standardization of 
language among lhmologist and plastic suigeons, and the 
lack of a unit of measurement which is meaningful in teims 
of function, make it difficult to communicate with membeis 
of the piofession, let alone oui own colleagues m the field of 
lhmology This does not mean that we aie not trying to 
exploie means of solving these peiplexmg questions Meas- 
uiement of aichitectuial changes with growth and by tiauma 
using nasal indices, cephalometric lammogiaphy aie being 
investigated at the piesent time One could assume the view 
of simplifying function in teims of oui knowledge today, that 
the nose is an airway, an conditionei, filtei, humidifiei and 
an olfactory oigan 

Oui pioblems aie quite similai to the field of oithodontia, 
and we aie in a position of trying to establish this phase of 
llnnology as a science Oithodontia has developed greatly, 
and aftei yeais of piecise obseivations, evidence has accumu¬ 
lated that alteiations to the teeth m the child in no way pie- 
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dictablv changes the giowth of the maxilla 01 the mandible 
The restoiation of teeth to then piopei anatomical lelation- 
ship cannot, to this dav, be 1 elated to then function 5 

With such limitations fiom the accepted functional point of 
view, it is obvious that the cntena foi lestoiation of the nose 
to their piopei anatomic lelationship mil have to be explained 
on other factois The feelmg seems to be pievalent that m 
a patient with a deviated septum 01 m anothei instance with 
a hump, phvsiologic needs are involved m older to justify the 
performance of a lhmoplasty While m some instances this 
is necessary, in many othei instances this will not be true 

The history of septal surge re leveals that the submucous 
leseetion, as advocated bv Fieei and Killian, was a satisfac- 
toiv pioeeduie when peifoimed m certain types of deviated 
and obstructed septum It was the functional and cosmetic 
complications, perfoiations, immediate and late saddling, and 
the retracted columella that was feaied Some of us know- 
mglv, up to the 1940’s, aioided opeiatmg upon a badlv twisted 
septum, particulailv when associated with a severelv deformed 
external nasal pviamid with a tendenev to sag on the doisum, 
for fear of making this worse If we had moie couiage we 
still did an incomplete septum operation, and we had difficultv 
m obtaining a satisfactory airwav If the patient asked foi a 
lepau- of the hump, oui deficiencies in handling this pioblem 
meant two sepaiate opeiations, 01 calling m a plastic suigeon 
to handle the external nasal pioblem at the same time 

In the deviated nose, it is lecognized that one cannot ade- 
quatelv straighten the septum without opeiatmg on the ex¬ 
ternal nasal pviannd Versatihtv of suigical appioach for 
handling such pioblems is dependent upon the piesentmg 
anatomic pioblem 

When the patient complains of unilateial persistent nasal 
obstruction and the septum obstructs this airwav, this can be 
easilv understood, on the othei hand, theie aie just as nianj 
patients who have a badlv tiaumatized nose with septal ob¬ 
struction without anv complaints Some atiophv of the m- 
tenoi of the nose may be piesent, and in this instance suigical 
collection mav be indicated, e^n without complaints One 
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explains the absence of complaints on the basis of the maiked 
“compensatory piocess” of the nose Combined septal and 
external pyiamid suigery m anothei patient with the identical 
defoimity, but with the chief complaint of nasal obstiuction 
may be wail anted Tins patient may have subconsciously 
wanted his hump lemoved When one obtains a satisfactory 
esthetic and cosmetic lesult, the patient at the conclusion of 
the post-operative period may only comment, “I can now 
bieathe better” To tins day, this is about the only cntenon 
we have foi impioving this patient fiom the physiologic point 
of view Of couise, the patient will also be satisfied with 
Ins appeaiance, but one well knows how umeliable it is to 
depend upon what the patient says about his impiovement of 
bieathmg and disappeaiance of many othei secondary com¬ 
plaints Infiequently nasal obstiuction is still piesent, in 
spite of what appeals to be an adequate airway and satis¬ 
factory cosmetic opeiation 

In some instances we can lelate nasal obstiuction to de- 
foimed upper lateial caitilages ("ballooned or collapse of the 
uppei lateial caitilages”), and suigical techniques have been 
devised foi pieserving and correcting the so-called “valve” 
aiea Alae collapse m model ate foiced inspiration has been 
seen, and pressuie measuiements m such instances have 
been made 3 Heie surgical conection will lequiie a total nose 
operation Total nasal piocedures aie necessary to conect 
septal perforation, utilizing the punciple of pieseivmg nasal 
mucosa and lotatmg tube flaps fiom undei the uppei lateial 
caitilages and fiom the flooi of the nose 

The pioblem of nasal obstiuction m many cases is similai 
to that of the deaf patient Some deaf patients get along 
very well and do not want or need suigery Likewise, many 
patients with obviously obstiucted septums do not complain 
of nasal obstiuction, noi do they desne suigery 

The indications foi suigery on the total nose, where the 
septum is obstiuctive may be done foi one of two leasons 

1 To lestore a piopei airway which may entail cosmetic 
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change Some cosmetic changes may not be lequested by the 
patient Some patients desue this change subconsciously 01 
only if biought to then attention In otheis cosmetic changes 
may become evident duung 01 aftei suigeiy 

2 Foi cosmetic pui poses 

It is assumed that the suigeon lias taken piecautions foi 
not operating upon patients with psycluatnc pioblems It is 
particulaily hazaidous to opeiate upon patients who use then 
noses as a “ciutch ” 

Certain defoimities of the nose, associated with the com¬ 
plaint of nasal obstiuction, lequne suigery upon the septum 
as well as the external nasal pyiamid The puze fightei’s 
nose is a good example In anothei instance, a twisted ex¬ 
ternal nasal pyiamid will pi event a deformed septum fiom 
being brought into its piopei relationship unless the pyramid 
is lestoied to the midlrne Theie aie othei examples The 
patient may desne only a cosmetic change, and suigery to 
the septum is necessary if one is to lestoie the nose to the 
midlrne It is lecognized that the septum is the mam support¬ 
ing structuie of the nose, and pioceduies which interfere 
with the septum the least, by gnddmg, cioss-hatclnng, moving 
the maxillary ciest to the midline, maintaining attachment 
of mucopeiichondiium to one side and suturing the cartilage 
to the penosteum, it is believed that subtotal lemoval of the 
cartilage yields the best lesults foi the septum and cosmetic 
appealance The moie extensive the septum suigeiy the moie 
difficult it becomes to achieve the desned cosmetic lesult 
Tins is particularly true when the caudal end is lemoved 
Immediate saddling may lesult, but this can be avoided 01 
minimized by subtotal lemoval 

Evaluation of the lesult is difficult when one is confionted 
with anothei type of pioblem A satisfactory cosmetic lesult 
is obtained with an obvious nan owing of the nasal airway 
The patient is quite happy with the appeal ance of his nose 
and he has no complaints of his airway This is sometimes 
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the case when the patient’s only piesentmg complaint is ‘‘to 
have the hump lemoved ” 

Fiom the cosmetic point of view it becomes quite appaient, 
as one peifoims moie of these opeiations, that one cannot 
become cutical of the cosmetic 01 functional lesult obtained 
bv othei suigeons Beautiful 01 mediocie lesults depend upon 
the initial pioblem, fuitheimoie, what looks like a satis- 
factoiv lesult may change with time Following suigeiy 
mmoi tiauma may cieate fuithei aichitectuial defoimity to 
the nose, such as a slight sag of the doisum and a letiaction 
of the columella What is most impoitant in any given case 
is that the opeiatoi can pi edict pnoi to and dui mg the 
opeiation what may happen, anticipate such complications 
and institute appiopnate collective measuies 

The decision has to be made as to whethei to divide the 
opeiation into two pioceduies 01 whethei it may be piefeiable 
to combine the opeiation as a one-stage pioceduie When one 
intei pi ets in teims as to what is best foi the patient, it is 
always bettei to do the opeiation in one stage if possible I 
cannot say that the plastic suigeon is concerned with cosmesis 
alone, and is not intei ested m the ail way in all instances 

The position in which the otolaiyngologist finds himself is 
obvious A piopeily tiamed lhmologist should be the logical 
one to cope with a pioblem of this sort, which is complicated 
by consideiation of impiovement in function, cosmetic ap¬ 
peal ance and social well-being of the patient 
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HOW DO YOU GO ABOUT MAKING A DIAGNOSIS IN 
SOME OF THE MORE IMPORTANT 
RHINOLOGIC DEFORMITIES ?* T 

Harold Owens, M D , 

Los Angeles, Calif 


If any one flung comes to mind it would be to say that 
making a diagnosis encompasses the whole totality of the nose, 
both inside and out One cannot meiely say that the patient 
has a hump 01 a saddle, 01 the nose deviates We must know 
all the parts of the nose vhich pioduce the defoimity and 
then 1 elation to each othei 

To amve at a diagnosis, some aibitiaiy classification is 
necessary m oidei that the surgeon can decide what to do 
With very few exceptions, one should have the diagnosis 
pietty well made and the opeiation mentally done befoie 
enteung the opeiatmg 100m, howevei, the diagnosis may not 
be complete until the patient is anesthetized, 01 until part of 
the suigery has uncoveied the deformity 

A woikmg classification foi diagnosis should encompass 
the following 

We a?e interested in the textnie of the skin, whetliei it be 
thick and oily, thin and atiophic, oi of lelatively no? mat 
appeal ance 

Thick, oily skin often intei feies with piopei nan owing of 
the nose, particulaily m the lobulai area An extreme ex¬ 
ample of this is a patient I opeiated lecently who had had 
both lateial ciuia lemoved at a pievious suigery and yet 
the tip was still quite thick, and thei e v as no collapse of the 
naies Thin, atiophic skin offers pioblems of contiactuial 
defoimities aftei suigery 

•Read as part of a Symposium at the SKti-First Annual Meeting- of 
the American Lari ngological Rhinologlcal and Otological Society Inc 
San Francisco Calif Map 21 1958 

tFTom the Department of Otolan ngologi Unitersitr of Southern 
California 

Editors Note This manuscript received in The Dari ngoscope Office and 
accepted for publication Mai 26 1958 
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Septal obstmiction with minimal ox no external nasal de- 
fox mity 

Obviously this is a peisonal matter with the physician A 
Killian 01 Fieer septal pioceduie is quite adequate, and no 
external nasal pyiamid suigery is needed 

Septal obstruction with a dislocation of the caudal end of 
the septum off the nasal spine and piemaxilla into the ves¬ 
tibule with minimal external deformity 

This type of defoimity will need a subtotal, 01 total lemoval 
of the septum, including a complete mobilization of the caudal 
end of the septum m the maxillaiy spine aiea External 
pyiamid suigery may 01 may not be indicated 

The deviated oi twisted nose, usually of tiaumatic ongm 

Such a nose has been discussed fully by Huffman and 
Lieile * This type of nose luns the gamut of diagnostic 
problems One should note the defoimity of the doisum, or 
moie conectly the sagittal alignment Is it “C” shaped, “S” 
shaped, 01 meiely deviated Sagittal alignment with othei 
structures of the face and teeth must be consideied Othei 
accompanying deformities of the maxilla and teeth might 
piopose the question whethei a nose should be leplaced in 
the midhne 

The nasal bones aie usually uneven and asymmetrical, and 
theie may be a hump These conditions aie of pnme im¬ 
portance m detei mining hump removal and the level of lateial 
osteotomies 

The relationship of the upper lateral cartilages to the nasal 
bones, as well as the septum must be detei mined Often the 
deviation may involve only the cartilaginous vault and septum, 
and correction of this area is all that is necessary The 
uppei lateial cartilages may be tom fiom then attachment 
to the nasal bones, and piesent inequalities 

The lobule-septal relationship should be noted Is the 
twisted tip and columella due to septal dislocation 01 it is due 
to lobulai deformities, particularly the medial ciuia‘ ? 

• Huffman TV C and Llerle Dean M. The De\lated >,ose Ann Otol 
Rhinol and Lar>ngol Vol 63 Mar 1954 
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The deviated nose offers the most difficult pioblems in 
diagnosis and management, as it lequnes the mobilization of 
the septum and external nasal pyiamid as complimentary 
pioceduies, and m most cases the pioceduies should be done 
at the same time This type of nose should be the gieat 
concern of the lhmologist 

A high van oil nose uith an excessively long septum 

Tins tvpe of nose often appeals like the tip is hanging on 
the end of the septum and is most pionounced when the 
patient smiles 01 puises the lips One should note the lobulai 
cartilage development, as the lack of piojection of the tip 
mav be more apparent than leal, and all that is necessan is 
to deciease the piojection of the bony and cartilaginous 
doisum, this must include the doisum of the septum also 
The nose actually must be v idened 

TFe sometimes see a Ion flat nose uith a denoted caudal 
end of the septum 

This type of nose usually lesults from poor tip development 
as a result of childhood injury, and most of the pathology 
will be in the cartilaginous pyramid and septum One should 
decide whethei the cartilaginous saddling is due to loss of 
septum, atrophy of the uppei lateral cartilages, 01 both 

The caudal septum mav he almost at light angles in the 
nose, or be quite short The latter is often accompanied by a 
pool maxillary spine and reti action of the naso-labial angle 
These areas must be caiefully studied, as the correction of 
this defoimitv usually lequires the use of implants of various 
types 

The stiaiglit humped nose uith 01 uitliout a diooped tip 
offers little problem 

This is the so-called "cosmetic type” and can be and is 
handled bj a typical Joseph rhinoplasty The only pioblem 
is that the septum should be studied, as many of these pa¬ 
tients ha^e a good cosmetic lesult, but they will often tell -vou 
they cannot breathe well after the suigery 
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In any woik of tins type the psychological diagnosis is im¬ 
portant 

A laige percentage of patients come to us meiely because 
they want cosmetic impiovement, although this may not be 
the presenting complaint Many of these patients have used 
then nasal problem as a ciutch, and we must be careful not 
to lemove this crutch and m so doing possibly convert a 
psychoneurotic into a psychotic peisonality 

These are just a few of the pioblems to consider m anivmg 
at a diagnosis of basic nasal deformities 


SURGICAL MANAGEMENT PHASE * 

Russell I Williams, M D , 

Cheyenne, Wyo 

It is my deep conviction that it is m the best intei est of all 
that one school of thought not be pitted against anothei It 
is rather my belief that a discussion will brmg to all of us a 
better understanding of the many facets of this peiplexmg 
problem In turn, this will stimulate study and advancement 
m oui field of rhmology 

From a bioad, philosophical standpoint, oui concept con- 
sideis the total nose, the total relationship of all of the com¬ 
ponents of the nasal septum, the external nasal pyiamid and 
the internal nose, therefore, the surgical procedure for 
lestoration of piopei anatomical 1 elationships must, of neces¬ 
sity, not be limited to only one portion of the nose 

We all agree, I believe, that the nasal septum is the mam 
supporting stiuctuie of the external nasal pyiamid Modifi¬ 
cations of the nasal septum cieate problems in direct pro¬ 
portion to the extent of distuibance of septal totality With 
extensive distuibance, complications such as saddling, re¬ 
fraction of the columella, and widening of the nose may occur 

•Read as part of a Symposium at the Sixty-First Annual Meeting of the 
American Larj ngological Rhlnological and Otologlcal Soclet' Inc San 
Francisco Maj 21 1968 

Editor s Note This manuscript received In The Laryngoscope Office and 
accepted for publication May 26 1968 
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Many of us have obseived these complications dui mg and 
following suigery It is oui belief that these complications 
should be anticipated, and methods of collection instigated 
duung surgeiy and, of couise, a\oided if possible 

The veisatility of the appioach by application of lhmo- 
plastic techniques, not necessanly onginal, to septum surgeiy, 
the pi eservation of the mucosal flaps and pieservation of the 
skeletal portions, as well as the soft stiuctuies, allows the 
fieedom to perform suigery on the nasal septum and the ad¬ 
jacent external nasal pyramid and, m many instances, the 
internal nose, m one suigical piocedme This flexibility, m 
my experience, allows us to modify and attempt to restore 
pioper 1 elationslnp of the component structuies, and to lestore 
totality to the best of oui ability This 1 esults in a better nose 
from a cosmetic aspect, and allows the patient to bieathe 
bettei 

Now, what is a normal nose’ Di Pioetz 1 defines the noi- 
mal nose as follows “The normal nose, 01 perhaps bettei 
the symptom-fiee, smoothly bieathing nose, is characterized 
by slit-like passages—slit-like evervwheie and not meielv 
above, in the olfactory aiea ” 

The noimal nose is difficult to define because each indi¬ 
vidual nose has its own peculiar chaiactenstics, structural 
vanations, as well as functional, when we consider the total 
personality 

We aie all awaie of the tiemendous inherent compensatorv 
powers of the nose We aie also awaie of vanations which in 
one pel son may pioduce symptoms, in anothei they may not, 
and on clinical examination very little difference can be 
observed m the structures of the nose 

We do feel, howevei, that theie should be a propel relation¬ 
ship of the vestibule to the os internum of the nose, and also 
a piopei relationship of the lateial walls of the nose to the 
nasal septum Here again it is difficult to put into figures 
just w r hat this lelationship is 

Studies of the various indices, such as the choanal index 
and the clinical nasal index, as well as the X-iay nasal mdex. 
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give us figuies which aie only lelative, but which do help 
in evaluation to some extent 

The attitude of the nostuls plays an impoitant lole .When 
the nostuls aie lound and wide, usually the os internum is 
snnilai, and an excessive amount of space is usually piesent 
between the lateial nasal wall and the nasal septum We aie 
paiticulaily concerned with mjiuies to the Caucasian nose 
which may simulate, m many lespects, a nose of a diffeient 
ethnic oiigm A study of embiyology is quite levealing in 
this lespect, neithei can antlnopological consideiations be 
ignoied In leconstiuctive suigeiy, an attempt is made to 
lestoie these lelationslups to what we feel is noimal foi that 
paiticulai nose 

What do we mean by “bieatlung” and what is an “adequate 
ail wayMy conception of an adequate an way is one in 
which theie is not an excessive amount of space m the nose 
fiom the naies to the postenoi choana, but lathei one in 
which the passages aie compaiatively nanow and stieam- 
lined One is stiuck by the fact that the passages aie .slit-like, 
and many stiuctuial pionnnences aie noted which seem to 
encioach upon the lumen Bieathing is an esthetic sense, 
and to date we have not found a satisfactoiy definition 

Om knowledge of the exact function of the entile nose 01, 
foi that mattei, the exact function of any mtegial poition of 
the nose is limited We feel that the nose should function as 
a unit and complement the othei stiuctuies of the lespuatoiy 
appaiatus To my knowledge, we do not have a satisfactory 
explanation cleaily establishing the nose-lung 01 the mouth- 
lung lelationship 

It is tiue, that anatomical shapes and lelationslups may be 
mistaken foi functional necessity, but again as Di Pioetz- 
mentions, the stiuctuial vanations may be useful as a starting 
point, pioviding that we lecognize oui limitations 

Defoimities of the external nose aie fiequently the lesult 
of mjuiies 01 developmental abnoimahties The defoimities 
mav involve any 01 all parts of the external nasal pyiamid 
and the nasal septum 
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To leconstiuct and to lestoie, 01 piovide totality to the 
best of oui abilitx, it may be necessary to sepaiate the com¬ 
ponent stiuctuies, eithei paitiallv 01 completely, and to mo\e 
and leposition, 01 lemove and leplace the component paints 

The modifications of the septum may lequne conseivative 
01 extensive pioceduies In eithei case, it should be feasible 
to accomplish the lesult with, 1 minimal mjuiy to the mu¬ 
cosa, 2 with ligidirt restoied to the nasal septum, 3 with 
sagging of the cartilaginous doisum prevented, oi collected 
if it was piesent or occuned, and 4 with pievention oi col¬ 
lection of post-opeiative oi post-tiaumatic widening of the 
nose 3 

The exposuie to the septum should affoid us opportunity 
to observe adequately and to peiform suigerv on any portion 
oi portions of the nasal septum 

Fiequentlv the septum opeiation alone is inadequate to 
lestoie propel anatomical lelationships We w ill concern 
oui selves with foui categones of deformity which may le- 
qune attention m conjunction with the septum opeiation 

The fust category includes those which lequne suigerv of 
the lobule m addition to modification of the nasal septum 

The second categoiv involves those which lequne suigeiv 
of the external nasal pyiannd, but in which a hump lemoval 
is not needed A good example of tins is the mjuied nose 
that is leaning to one side and possibly twisted 

The thud category compuses those patients who lequne 
lathei extensive modification of the septum, lemoval of the 
hump, modification of the cartilaginous vault and the lobule 
The classic example is the seveiely twisted oi deviated nose 

In the fourth category, the typical boxei’s nose would be 
the classic example This nose would lequne extensive 
septum suigeiv, moving of the bonv external nasal p\iamid, 
modifications of the cartilaginous vault and lobule 

Pieservation of the mucosal flaps and then attachments 
m entnetv or in part, makes the combined opeiation possible 

In addition to this, if possible, pieseivation of the attach- 
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ments of the uppei lateral cartilages and the attachments of 
the nasal bones to the septum, help support the nasal pyiamid 
If at all possible, we like to leave a portion of these stiuctuies 
attached to the septum, howevei, if we have an intact mucosal 
tunnel, by preservation of the mucosa, the mtranasal diessmg 
will serve to hold the structures m position foi adequate 
healing 

These attachments may be severed and still preseive the 
mucosal flap by sepaiatmg them mtiaseptally 01 extranasally 
The nasal bones may be sepaiated from the bony septum in 
a similar mannei If the septal flaps have not been elevated, 
it is possible to perfoim a rather extensive submucosal eleva¬ 
tion of the uppei lateral cartilages and the undei surfaces of 
the nasal bones The uppei lateral cartilages and nasal bones 
can also be sepaiated via this approach This proceduie is 
also lewardmg m attempting to close a septal perforation by 
meiely continuing the elevation fiom the undei surface of 
the uppei lateral cartilages and the nasal bones onto the 
septum, and allowing the mucosa to diop, and also raise the 
mucosa from the flooi of the nose so as to close the hole of 
the perforation 

There are many pioceduies winch can be used to lemove 
the hump Certainly the saw is very effective, the chisel is 
likewise effective Othei methods have been advocated and 
they aie very useful 

We believe, howevei, that by not being bound by any pi°- 
cedure or loutme, the flexibility of appioach, the preservation 
of mucosal flaps and the selective use of vanous techniques, 
m part 01 m whole, at will, and as may be indicated m a given 
cncumstance, enables us to gam oui ultimate objective 

In summaiy, oui concept is m no way oiigmal It involves 
the application of lhmoplastic techniques, piovidmg us with 
a veisatile appioach to many vanable pioblems encounteied 
in leconstiuctive suigery of the nose 

Preservation of the mucosal flaps and pieservation and 
modification of the stiuctuies piovide us with a method 
whereby lestoiation of anatomical lelationships can be ac- 
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complished and the totality of the nose lestoied to as neai 
normal as possible 

We do not know all the answeis to the suigical phase 
Neither do we know the answeis to the functional phase We 
aie cutically leviewmg oui lesults and hope that tins will 
lead us to the solution of the many pioblems with which we 
aie faced 
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BISCUSSION 

IBVEVQ B Gorairw MD (New York, N Y) I am in accord with the 
basic philosophy of aU the panelists and agree that total reconstruction 
of the nose be left to the general plastic surgeon where restoration Is 
primarv and function secondarv The problem of nasal phvsiologv I 
shall leave to Dr Proetz I should prefer to consider the practical aspects 
of rhinoplastv 

Before I do so I should like to discuss the antagonistic attitude to the 
term “rhinoplasty” bv many phvsicians and surgeons The various 
svnonvms require reevaluation of what constitutes the correct term for 
“cosmetic” plastic surgerv of the nose 

Some of the names and phrases indicating the same procedure are 
rhinoplastv nasoplastv nasoseptopexv reconstruction of the nose and 
reconstruction of the nasal pvramid Some surgeons classifv the same 
procedure under three different headings This is confusing to the 
operating room staff as well as to the assisting resident surgeons as a 
matter of fact in some hospitals the use of the word rhinoplastv” is 
forbidden—taboo In filling out charts, the surgeon must state he per 
formed a nasal reconstruction when actuallv he had carried out a cor 
rective rhinoplasty 

Why should we at the present time conceal correction of external 
nasal deformities which are so frequentlv associated with internal ones 
under such a great varietv of nomenclature 7 The term rhinoplasty ’ 
should be used todav without verbal camouflage The patient under 
stands this terminologv much more than the phrase * reconstruction of 
the nasal pvramid ’ Many a patient spontaneouslv declares that “I have 
had a rhinoplastv ’ 

The term "rhinoplastv’ is derived from the Greek ‘This’—nose and 
"plassein’ —to form It Is obvious then that a change In the form of the 
nose or anv component part, constitutes a rhinoplastv It does not matter 
whether It is restorative corrective cosmetic, complete or Incomplete 
In other words it is the correct term for the operation despite its 
questionable Implications 
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It 1ms been im polic\ when teaching conecthe siugci\ of the external 
nose to use the teun "lhinoplastr ” I was greatly suipiised to learn tlmt 
plnslclans from diffeient paits of the counti\ objected to the use of this 
word The objection was not peisonal, but inthei to the effect this 
would have on theli medical colleagues It Is obxious that In tho vniious 
parts of the countn tlicr must conform to the usage of the teim "rhino 
plastj ” It is a simple Inclushe one Its ancient implications have been 
disspelled It has taken on a dignified and well meiitcd status The art 
has leached a high degiee of development The scientific journals wel 
come aittcles on 1 hlnoplnstr, and medical societies accept papois on 
lhinoplasta, indicating that the teun is becoming a aaidela acceptable one 

The basis of all coirectiae rhinoplastic pioceduies is preopeiatiae 
diagnosis Annlasis, lelaing on the ligid use of mensuiements, laaas, and 
foimulns, cannot supplnnt taste, judgment, and expeilenee, essential in 
fine nasal plastic suigeia As tlieie aie no two noses alike, no set of 
lules can be diafted that aaould fit all shapes of noses Ceitain prin 
clples aalien applied to oaeia nose, aaill disclose its abnoi malities The 
loutino analasis consideis forms, piopoitlon, and hnrmoii} in relation 
of tho nose to the lest of the facial featmes The fundamental artistic 
cannons must be fulh undei stood hr the lliinoplastlc surgeon who is 
seeking a good esthetic as well as functional result 

In planning to coriect am nasal defoimlU, caieful attention must also 
bo ghen to the nasal septum which has a gieat beaiing on the method 
of opeiatlon Is the septum a mlnoi 01 majoi factoi in the rhinoplnst> 9 
What should be the method of nppionch 9 The intiannsal examination is 
supplemented by palpation of the septum This mnj ic\enl thickness and 
distoitlons 

Planning begins with xisual examination Is the collection feasible? 
Is the opeintion conecthe or does It icquire much leconstiuction, c (7 
a liaielip nose bifid nose, a dish face deformlh 9 Has tho opeiatlon 
limitations, c a , a slioit columella oi nil atrophic lobule, oi \ei\ thick 
skin 9 The suigeon must plan to compensate, where to otei oi under 
conect 

The xisual examination is followed b\ palpation to dcteimine the size, 
position, and cliniactei or the nasal bones, the foim nnd position of the 
upper Intelnl cnrtilages, the texture of the skill, nnd shape of the lower 
lateral cm tllages 

The nasofrontal angle mm not have a glabellni depression Palpation 
mar lexenl a thick pioceius muscle A locntgenogiam of tills region 
is advisable to detcimine the depth of the bone and the i elation to tho 
fiontal sinuses 

Palpation at the base of the nose in case of a nasolabial web nin> 
rerenl a projecting nasal spine oi the currcd orcrhnnging margin of 
the septal caitllage A lecessed nuso lnblnl angle mn> be more retracted 
when piessuie is made with the examiner’s finger oi instrument A in¬ 
trusion caused bi absenco of septum contraindicates a complete tinns 
flxion on the other hand, restointion of the nasolabial angle in the 
congenital xmletj requhes a complete sepmation of the membianous 
septum fioni its septal attachment foi mobilization nccessnrv for re 
construction 

Pioperh scaled photographs with a studr of the nasal components in 
relation to the face foi ahead and chin me impoitnnt for anahsis ding 
nosis medicolegal nnd clinical records Ilncli ilew lateral frontal nnsnl, 
nia\ reveal a featuie lequhing coirection Ixnsal deviations nnd lncgu 
lailtles are better shown in color pliotogrnplij 
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Photograph' is also important because it serves as a common meeting 
ground between the patient and the doctor B\ reversing the photo and 
placing it in an illuminating bos the surgeon can easil\ draw the profile 
line which he considers esthetic This ma' or mai not meet with the 
patients appro'al and is a good wai to avoid pitfalls of operating upon a 
neurotic individual who seeks a nose not compatible or attainable with his 
or her features 

The diagnosis of a nose requiring revision of a rhinoplastv although 
subjected to analvsis must be considered to be an exploratorv operation 
Not until all of the parts are surgicall' exposed manipulated and re¬ 
assembled can the surgeon make his precise decision for correction eg 
in man' patients I found that complete osteotomies had not been per 
formed 

The wide nose creates problems because of the tendenev to recurrence 
If it is present as a racial feature as in the Negro an implant or graft, 
as a rule is required without performing an osteotomi Otherwise if 
the lateral walls are of insufficient height to cover the vault one must 
decide whether an osteotomv and repositioning of the nasal processes of 
the maxillae has to be carried out prior to dorsal implantation 

■Width caused by excessive thickness of the nasal bones requires radical 
excision of these structures mesiallv and lateral^ I prefer to depress 
the nasal processes on mesial shifting after osteotome in order that the 
septum perpendicular plate and nasal spine of the frontal project in the 
midline and become the summit of the nasal p' ramid producing a narrow 
nose Ventral surfaces of a thick septum are thinned and redundant 
tissues such as mucous membranes 1' mg between the bones and upper 
lateral cartilages are removed 

Correction of a nasal deformit' associated with a deviated septum 
frequentlv presents surgical problems These range from timing of the 
septal operation to the varietv of the operation to be performed The 
questions which usuallv arise are Should septal correction be carried 
out prior during or after the rhinoplastv’ If a deviated septum is 
present which operation should be performed to alleviate nasal obstruc 
tion and permit correct alignment of the nasal structures’ Will a con 
templated nasal profile and columella be placed in jeopard' with the 
production of a saddle of the upper cartilaginous vault a dropping of the 
lower cartilaginous vault or collapse of the entire nose’ 

Complete resection of the septum and replacing It in part based on a 
* tie-in of the upper lateral cartilages with the septum has not proved 
reliable It was believed that the former structures alone could support 
the cartilaginous nasal dorsum because thev were an integral part of the 
septum and were attached subjacentlv to the nasal bones and the frontal 
processes of the maxillae Thev were thus able to furnish adequate 
stability to maintain profile projection under static conditions Never 
theless remo'al of the cartilage and insertion of strips or resected 
cartilage did not prevent secondarv cicatricial contraction and did not 
prevent an external dorsal depression or columellar retraction The 
cartilaginous implants between the mueoperichondrial laiers frequent!' 
became twisted often to a degree that produced nasal obstruction 

Subtotal or complete resection of septal cartilage with insertion of 
implants between the mueoperichondrial Ia'ers ma' be required in a 
depressed varietv of septal deformity The sunken or fragmented septum 
cannot be shifted into Its normal position and must be sacrificed As a 
rule howe'er this kind of septal deflection is alreadi accompanied b' 
an external saddling deformltv This would require insertion of dorsal 
grafts under an' circumstances 
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The proceduie I prefer restores the normal anatomic relationship of 
the deflected septum without or with minimal sacrifice of its structures 
The principles of the operation consist in mobilization of the septum to 
the midline bj use of pedicle flaps of caudal septal sections, central re¬ 
placement of posterior osseo-cartilaginous section resection, if necessarj, 
of a small cartilaginous or bony bulge -which can be obstructive No 
columellar retraction develops with this technique Straightening the 
caudal distortion, and thus elongating the septum, frequently corrects 
the columellar retraction Neither drooping of the nasal tip nor saddling 
occurs The septum gives the nose the same relative support after it 
heals as one that has not been operated upon It is, therefore, not so 
vulnerable to trauma in which septal components have been -widely 
resected 

Both sides of the caudal part as veil as the remainder of the septum 
must be freed A unilateral or hemitransfixion does not liberate the 
distorted mucoperichondrial laj ers and thus prevents correct alignment 
of the replaced septal parts Postoperatively, healing is interfered with, 
owing to traction of the unelevated mucoperichondrium In consequence, 
there often is recurrence of the deformity This becomes obvious if one 
considers the pathogenesis of the caudal deformities Fracture of the 
cartilage occurs, and in the process of repair a fibrous invasion takes 
place between both sides of the mucoperichondrium and the cartilaginous 
fragments, and/or overriding fragments become intermingled with the 
mucoperichondrium 

Experience has shown a rhinoplasty following a previously adequately 
corrected septum may also be followed bj collapse of the nasal dorsum 
This occurs after osteotomy and mental shifting of the nasal processes 
The remaining osseo-cartilaginous structures, despite supportive intra 
nasal packing are unable to support the nasal dorsum The earlier 
rhinoplastic surgeons through sad experiences aware of tills potential 
hazard, were wise to retain as much of the septum as possible in the 
carrying out of a concurrent rhinoplasty Obviously, there were many 
examples where nasal obstruction had to be corrected subsequently 

The recent trend has been to perform a simultaneous rhinoplastv and 
submucous resection The septal correction whereby the structures are 
mobilized but are essentially Intact is, in my opinion, the answer to 
the combined operation The upper lateral cartilages can be cut from 
the septum and appropriately trimmed 

A combined rhinoplasty and submucous resection is also preferred b> 
the patient for economic reasons for convenience and for time saving 
factors and the avoidance of two hospital admissions The rhinoplasty 
and an adequately performed septum operation can be concurrently ac 
complislied with a good functional and assured esthetic result This Is 
of benefit to the patient and of advantage to the surgeon 

Certain nasal deformities require multiple procedures such as in 
children with saddle noses caused by trauma and/or infections resulting 
in loss of septal support Retrusfon of the middle third of the face may 
form o\\ ing to lack of development Preserved cartilage implants re¬ 
inserted until full nasal growth helps build up and raise the nose Harm 
less non absorbablj foieign material maj be more useful I inserted a 
large piece of ivory in a -voung patient whom I observed for ten jears 
The original Uorj implant was so adequate that at the age of adolescence, 
she refused further surger\ and the nose was in good proportion to the 
rest of the face Todaj I would consider using an acrylic or polyethylene 
implant in a child in order to avoid many operations 

Among the other conditions is the short columella This is essentially 
a skin condition and elongating the inadequate columellar skin without 
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manifest scarring is difficult. After insertion of an implant on the 
columella reinsertion and another procedure to lengthen it mar be 
necessarr 

The unusually small underdeveloped lobule often accompanied bv flac 
cid crura is difficult to model despite the insertion of implants This 
is also a skin problem, as it cannot provide an adequate bed for the 
necessarr implant. If the profile line cannot be lowered to meet the 
apex of the tip without producing a dorsal depression increase in size of 
the lobule can be attained onlr bv an implant or graft, after reconstruc 
tion of the soft parts 

Occasionallv the surgeon attempts a rhinoplasty in which he removes 
the hump without modelling the tip or correcting the tip without modify¬ 
ing the osseous or upper cartilaginous vaults A non satisfactory result 
will require a revision with insertion of the omitted operative step 
Flaring alae not corrected at the time of the rhinoplastv mav require 
correction at a later date. 

It is well known that among the other nasal conditions frequently 
requiring more than one operation are the harelip nose nasal atresia 
dish face deformity and bifid nose 

Healing plavs an esssential part in the final rhinoplastic result It is 
common knowledge that a nose which appears perfect at the end of a 
rhinoplastv or when the external dressing is removed may assume an 
undesirable form as earlv as the tenth post-operative dav One may be 
asked What is the nature of this process in tissue repair which militates 
against the welfare of the patient’ Rhinoplastic surgeons have become 
aware of the risks of oil thick and pre-acne rosacea varieties of the skin 
nevertheless sooner or later the surgeon operates upon such patient and 
the skin behaves badlv as healing takes place producing an unsatls 
factory esthetic result Ideal situations for rhinoplasty are not alwavs 
encountered 

The time has come for the otolaryngologist interested in rhinoplastic 
surgerv not to confine his thoughts solelv to the technique or diagnosis 
If he is to continue to advance rhinoplastv he must undertake research 
in the process of skin healing for on this hinges the more acceptable 
results 

The panelists have been using the word crutch ’ To attain recog 
nition of his position in rhinoplastv the otolaryngologist has had to pave 
the wav bv exploiting various representations like nasal phvsiologv for 
example The time is approphiate for the otolaryngologist to refrain 
from hiding behind subterfuge of disturbed nasal phvsiologv as the single 
indication for his interest in rhinoplastv It is generally conceded that 
the nasal septum requires correction in from 60 to 70 per cent of all 
rhinoplasties rhinologic training the skillful use of the head mirror or 
headlight intranasal tools and correct manipulation are the sine qua non 
for an overall cosmetic rhinoplastv The time has come for the rhinologist 
to declare that he is rightfully entitled to correct a nasal deformity for 
cosmetic and psychologic reasons It should be made clear that a 
rhinoplastv is not performed solely for the preservation and restoration 
of nasal function If a functional cause exists this or course adds to 
the necessity for operative Intervention 

Finally It is mv belief that too much emphasis has been placed on the 
111-effects of intranasal incisions and preservation of the valve areas 
Patients complain of nasal obstruction following a rhinoplastv when ex 
cessive vestibular skin has been sacrificed causing svnechase between the 
lateral crura and septum Various degrees of alar collapse causing dis 
turbance in breathing accompany the pinched tip Although the septum 
and upper lateral cartilages caudallv form the so-called valve ’ severance 
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of these stiuctuies in a rhinoplast} Is not followed bi disturbed phjslol 
ogv after reattachment on healing uhethei the excessive cartilage is 
removed m toto or submucosalli Evidentli, the scar tissue formed at 
the valie region does not appeal to interfere with its presumptive 
function It is onli uhen the redundant protiuding upper lateral cartilage 
is not removed that it acts mechanically to obstruct the airwai producing 
nasal obstruction With the removal of the excessive projection, adequate 
airway is lestoied The important stiucture in rhinoplasty requiring 
preservation is the membranous septum Saci lfice maj cause columellar 
retraction and loss of sernce should a strut be required 

Arthur W Proetz, MD, (St Louis Mo ) I have listened with great 
interest and attention to the presentations of mi colleagues and haie 
been at some pains to read as much of their writings as I could find 
since my assignment was directed to the phi siological aspects of the 
subject and not too much has been said on that score during the preceding 
discussions 

I have also brought along a specimen Fort} fii e years ago this nose 
had a terrific spur removed from its septum through a submucous 
lesection, and parts of both inferior turbinates uere trimmed away with 
scissors Befoie and aftei the operation the ridgepole ran in two direc 
tions and ended in an unsightlj lump—and still does Whether this 
deformity blighted its ownei with an infenoriti complex I must leave 
to you Physiologicalli it is perfect 

There has been much controvers} oier the propriet} of combined 
operations on the nose, and before launching on mi theme I should 
like to contribute one or tiio views fiom the sidelines 

1 If a nasal inlet needs widening or narioving, 01 the septum straight 
ening, and besides this the profile needs fixing—if in short, combined 
operations are indicated, it seems axiomatic that the} should be done at 
one time and by one operator If done in two stages, the second operator 
is almost bound to be hampered bi seal tissue and by someone else s 
leavings which are not part of his plan, and the patient suffeis double 
pain and expense 

2 If Di John Smith is a competent surgeon familiar with the specific 
anatom}, physiology, pathologv and surgeri of all the parts concerned 
and has the necessarj judgment, based on experience then, and only then, 
he is the man foi the job All other qualifications combined cannot 
compensate for the lack of ani one of these After that, vhether Dr 
Smith Is called a plastic surgeon or a rhinologist or a proctologist, 
could not matter less to the patient or his tissues Jurisdictional dis 
putes are as tiansparentli commercial in this field as the} are in others 

3 Let us honestli face the distinction betueen ph}siology and cos 
metologv and never not ei er confuse the tv o for the purpose of making 
an} surgeon or ani operation seem more respectable or more attractlie 
or for anj other reason 

And so to work 

With the surgical procedures discussed here and their purpose, I liaie 
nothing but agreement and approial in particular vith some of Dr 
Owens’ straightforward remarks n ithin the limits of ni} experience 
On physiological grounds I fear ve part In all frankness I cannot get 
aiiay from the feeling that there is a good deal of groping for some nev 
scientific background to fit surgical procedures alreadi current which 
to me has all the disadiantages of valking backvard and has in the past 
led to too mam untenable hi potheses 

We all agree that as stated a nose that isn t uorking needs fixing 
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As to what to do and how far to go Dr Ogura laments the lack of an\ 
concise standardizing measurements such as we have for sight and 
hearing I doubt that thev would be of much help if we had them for 
as Dr Ogura himself observes the two cases are scarcely parellel Onlv 
the olfactory portion of the nose is a special sense organ like the ey e and 
the ear and the sense of smell has not been brought up in this discussion 
We are dealing with something much simpler and less critical I have no 
doubt that anthropologists have scientifically measured and classified 
our hands and feet (thev come in all sizes shapes and colors) but while 
anthropological indices are helpful m such projects as tracing our remote 
ancestors we do not use them to find out how we all run or dance or 
WTite or who can stretch an octal e It simplv isn t that complicated 

We know that one asvmmetn here is often compensated by another 
asvmmetri there and put together thev make a healthy nose That also 
is not too difficult to determine 

Although the shape of the nostril is less important than its size and 
direction even in the last much latitude is permissible and minor 
yariations in the angle of tilt are of small consequence—physiologically 
that is 

From the standpoint of warming and humidification the vestibule is 
practically negligible being too small and made of the wrong things 

The submucous resection of Killian and Freer has been mentioned as 
a satisfactory procedure when performed in certain tvpes of deviated 
and obstructed septums ” but fears are evpressed regarding cosmetic 
complications perforations saddling and retracted coluniellae as though 
these yvere common accidents In incompetent hands thev may be but 
that is true of anv operation Perforations we have all had most of 
them negligible unless thev whistled in which case thev were promptly 
repaired 

So long as I can remember rhinologists worthy of the name have 
diyersified the standard procedures to fit cases and have variously 
revised faulty passages without ado It is my observation that those who 
have had manv unsatisfactory results from septal surgerv have not been 
verv good at it While certainly not implying that complaints from the 
patient are the onlv justification for operating I do not quite follow Dr 
Ogura when he savs (I copv him verbatim) The feeling seems to be 
prevalent that a patient with a deviated septum or in another instance 
with a hump physiologic needs are in order to justify the performance 
of a rhinoplasty While in some instances this is necessary in manv 
other instances this will not be true knless Dr Ogura is talking now 
of pure cosmetics I wonder what these many other instances could be 

I cannot agree that as has been stated this morning our knowledge of 
the exact function of the nose is undulv limited Merely because a func 
tion Is simple we need not feel obliged to postulate something more 
complicated and as vet unknown I yvould sav that our present knowledge 
serves us verv well and In the same breath enthusiastically encourages 
new discoveries and conceptions but I would Insist that thev rest upon 
firm scientific foundations and I should prefer that thev were practical 

On last Friday I had a letter from Dr Williams saving that ' for 
reasons of time limitation he had decided to delete four pages of his 
presentation Bv some unfortunate coincidence these were the four 
pages dealing with the physiological aspects which I am here to discuss 

As however they do constitute some of his thinking and that of his 
group and I do haye the time I should like to quote some of the material 
he was obliged to skip and to bring it up for discussion since I think 
it too important to overlook. 
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of these stiuctuies in a lliinoplastx is not followed in disturbed physiol 
ogj after leattachment on healing xxhethei the excessive cartilage is 
lemoved in toto or submucosallx Evidently, the scai tissue formed at 
the valve region does not appeal to intei feie with its presumptlxe 
function It is only xxhen the ledundant piotiuding uppei lateral cartilage 
is not removed that it acts mechanically' to obstruct the airxxay pioducing 
nasal obstruction With the lemoxal of the excessixe projection, adequate 
ail wax is restoied The impoitant stiuctuie in rhinoplasty requiring 
pieseivation is the membianous septum Saciifice max cause coluniellar 
leti action and loss of seixice should a strut be required 

AitTHun W Phoetz, JID (St Louis Mo ) I haxe listened xxitli great 
interest and attention to the piesentations of mx colleagues and haxe 
been at some pains to read as much of their xvntings as I could find 
since my assignment xxas directed to the plix Biological aspects of the 
subject and not too much has been said on that scoie duiing the pieceding 
discussions 

I hax r e also brought along a specimen Foity fixe yeais ago this nose 
had a teirific spui lemoved fiom its septum through a submucous 
lesection and parts of both inferior tuibinates xxere tiimmed axvay xxith 
scissors Before and aftei the opeiation the lidge-pole lan in two direc 
tions and ended in an unsightly lump—and still does Whether this 
defoimity blighted its oxxnei xxith an infeiioiitx complex I must leave 
to you Phxsiologieallx it is peifect 

Theie has been much controversx oxer the propriety of combined 
opeiations on the nose, and before launching on mx theme, I should 
like to contribute one or txxo views from the sidelines 

1 If a nasal inlet needs xvidening 01 narioxxing 01 the septum straight 
emng, and besides this the protUe needs fixing—if, in short, combined 
operations aie indicated, it seems axiomatic that tliex should be done at 
one time and by one operator If done in txx o stages, the second operator 
is almost bound to be hampered by seal tissue and by someone else s 
leavings xxhich are not part of his plan, and the patient suffers double 
pain and expense 

2 If Di John Smith is a competent surgeon familiar xvith the specific 
anatomy physiology, pathology and suigeix of all the paits conceined, 
and has the necessaix judgment based on expeiience then and only then 
he is the man foi the job All othei qualifications combined cannot 
compensate for the lack of anx one of these After that xx hetlier Dr 
Smith is called a plastic surgeon oi a rhlnologist or a proctologist 
could not matter less to the patient or his tissues Jurisdictional dls 
putes are as transparently commercial in this field as thex are in others 

3 Let us honestly face the distinction betxxeen phxsiology and cos 
metology and never, not ever confuse the txxo foi the purpose of making 
anx surgeon or anx operation seem more respectable’ or more attractixe 
or for anx other reason 

And so to work 

With the surgical procedures discussed here and their purpose, I haxe 
nothing but agreement and approxml in paiticulai xvith some of Dr 
Oxxens straightforxvard remarks xxithin the limits of my expeiience 
On physiological grounds I fear xxe part In all frankness I cannot get 
axxay from the feeling that there is a good deal of groping for some nexx 
scientific background to fit surgical proceduies alreadx current, which 
to me has all the disadxantages of xxalking backxxard and has in the past 
led to too manx untenable hxpotheses 

We all agree that as stated a nose that isn t xxorking needs fixing 
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As to what to do and how far to go Dr Ogura laments the lack of am 
concise standardizing measurements such as we have for sight and 
hearing I doubt that thev would be of much help if we had them for 
as Dr Ogura himself observes the two cases are scarcelv parellel Onlv 
the olfactori portion of the nose is a special sense organ like the eve and 
the ear and the sense of smell has not been brought up in this discussion 
We are dealing with something much simpler and less critical I have no 
doubt that anthropologists have scientificallv measured and classified 
our hands and feet (thev come in all sizes shapes and colors) but while 
anthropological indices are helpful in such projects as tracing our remote 
ancestors we do not use them to find out how we all run or dance or 
write or who can stretch an octal e It sfmpl\ isn t that complicated 

We know that one asvmmetrv here is often compensated bv another 
asvmmetrv there and put together thev make a healthv nose That also 
is not too difficult to determine 

Although the shape of the nostril is less important than its size and 
direction even in the last much latitude is permissible and minor 
variations in the angle of tilt are of small consequence—phvsiologicallv 
that is 

From the standpoint of warming and humidification the vestibule Is 
practicallv negligible being too small and made of the wrong things 

The submucous resection of Killian and Freer lias been mentioned as 
a satisfactorv procedure when performed in certain tvpes of deviated 
and obstructed septums ’ but fears are evpressed regarding cosmetic 
complications perforations saddling and retracted columellae as though 
these were common accidents In incompetent hands thev mav be but 
that is true of anv operation Perforations we have all had most of 
them negligible unless thev whistled in which case they were promptlv 
repaired 

So long as I can remember rhlnologists worthy of the name have 
diversified the standard procedures to fit cases and have variously 
revised faultv passages without ado It is mv observation that those who 
have had manv unsatisfactorv results from septal surgerv have not been 
verv good at It While certainlv not implving that complaints from the 
patient are the onlv justification for operating I do not quite follow Dr 
Ogura when he savs (I copv him verbatim) ‘The feeling seems to be 
prevalent that a patient with a deviated septum or in another instance 
with a hump phvsiologic needs are in order to justifv the performance 
of a rhinoplastv While in some instances this is necessarv in mam 
other Instances this will not be true ’ Unless Dr Ogura is talking now 
of pure cosmetics I wonder what these manv ‘ other instances could be 

I cannot agree that, as has been stated this morning our knowledge of 
the exact function of the nose is undulv limited Merelv because a func 
tion is simple we need not feel obliged to postulate something more 
complicated and as v et unknown I would sav that our present knowledge 
serves us very well and in the same breath enthusiasticallv encourages 
new discoveries and conceptions but I would insist that they rest upon 
firm scientific foundations and I should prefer that thev were practical 

On last Fridav I had a letter from Dr Williams saving that for 
reasons of time limitation he had decided to delete four pages of bis 
presentation Bv some unfortunate coincidence these were the four 
pages dealing with the phvsiological aspects which I am here to discuss 

As however thev do constitute some of his thinking and that of his 
group and I do have the time I should like to quote some of the material 
he was obliged to skip and to bring it up for discussion since I think 
It too Important to overlook. 
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of those stiuctiiies in a 1 hinoplnstv is not followed In disturbed plijsiol 
ogv after 1 eattncliment on healing whethei the excessive cartilage is 
1 emoted m loto 01 subnutcosnlh Evidently, the scai tissue formed at 
the uhe legion does not appeal to Intelfeie with its piesumpthe 
function It is onh when the ledundant piotiuding uppei lateral cnitilage 
is not 1 emoted that it acts mechanlcnllj to obstiuct the aiiwat pioducing 
nasal obstiuct ion With the lemoval of the excessive projection, adequate 
ait w at is lestoied The impoitant stiuctuie in lhinoplastt lequiiing 
pieseitation is the ntembianous septum Saciifice mat cnuse columellai 
leti action and loss of seitlce should n stmt be lequired 

Annum W Pitonv BID, (St Louis, Mo ) 1 hate listened with great 

interest and attention to the piesentations of nit colleagues and bate 
been at some pains to lead as much of theii wiltings as 1 could find 
since mt assignment was diiected to the pinslological aspects of the 
subject and not too much has been said on that scoie duiing the preceding 
discussions 

1 hate also brought along a specimen Foitt fite yenis ago this nose 
had a tenific spin i emoted fiom its septum, tlnough a submucous 
lesection, and paits of both infeiioi tuibinates weie Dimmed awat with 
scissors Befoie and aftei the opeiation the lldgepole ran in two direc 
tions and ended in an unsighth lump—and still does Whethei this 
defoimitj blighted its ottnei with an infeiioiitt complex 1 must leate 
to tou Plnsiologlcallt it is peifect 

Tlieie has been much conti oteist otei the propiictv or combined 
operations on the nose, and befoie launching on mt theme, 1 should 
like to contiibute one oi two views fiom the sidelines 

t If a nasal inlet needs widening oi nan owing, oi the septum straight 
ening, and besides this the profile needs fixing—if, in shoit, combined 
opeiations me Indicated, it seems axiomatic that tliet should be done nt 
one time and b} one opeiatoi If done in ttvo stages, the second operntoi 
is almost bound to be liampei ed bt scm tissue and by someone else s 
leatlngs which are not part of his plan, and the patient suffeis double 
pain and expense 

2 If Di John Smith is a competent suigeon familial with the specific 
anatom}, phvsiologv patliolog} and suigen of all the paits concerned 
and has the necessan judgment based on expeilence then and only then, 
he is the man foi the job All othei qualifications combined cannot 
compensate foi the lack of am one of these Aftei that, whether Dr 
Smith is called a plastic suigeon, oi a rhinologist, or a pioctologist 
could not matter less to the patient oi Ills tissues Tinisdictional dis 
putes are ns tianspaientlv commeicinl in tills field ns tlicv aie in othei s 

3 Let us honestlv face the distinction between ph}siologj and cos 
metologv and nevei, not ei ei confuse the two foi the pm pose of making 
am suigeon oi am opeiation seem moie lespectnble oi moie atti active 
oi foi am othei renson 

And so to woik 

With the surgical pioceduies discussed here and theii puipose I hate 
nothing but agieemont and appiovnl in pmticulai with some of Dr 
Owens strntglitfoivoid remniks within the limits of nn expeilence 
On pli}slological giounds I fern we pait In ail frankness I cannot get 
nwu> fiom the feeling tlint tiieie is a good deal of groping for some new 
scientific background to fit suigicai procedmes alieadv curient which 
to me has all the disadvantages of walking bnckwmd and lias in the past 
led to too mam untenable inpotheses 

We all agree that ns stated, a nose that isn t working needs fixing 
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which is the vestibule has obsolutely nothing to do with it It could 
be replaced by a little round pipe or big square tank or a slide trombone 
So long as the hole is pointed in the right direction, it does not make 
a bit of difference what comes before To point the airstream below the 
rostrum of the sphenoid a major distortion would be required a flattened 
nose, a saddle nose, or something else that is pretty easily diagnosed 
If the jet veers to one side enough to create a dry spot, and the dry 
spot can be shown to make trouble it should be straightened I believe 
it Is as simple as that. 


SEVENTH INTERNATIONAL CONGRESS 
OF BRONCHOESOPHAGOLOGY 

The Seventh International Congress of Bronchoesophagol- 
ogy will be held at Kyoto (Japan) University, September 
12-14, 1958, under the direction of Prof Mituharu Goto, M D , 
Otorhmolaryngological Clime, Kyoto University Hospital, 
Kyoto, Japan 

A registration fee of $25 00 U SA. will be charged all 
physicians and a fee of $10 00 for wives or non-medical 
guests Registered members are admitted free to banquet, 
receptions and sightseeing tours 
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If I misquote Dr Williams in anj thing, 1 hope he Mill stop me 

Dr Williams stated ‘We are awaie of vailations Minch in one peison 
maj produce sjmptoms, in another thej may not, and on clinical exam 
ination very little difference can be observed in the structures of the 
nose” Again, I wonder whether I interpret him correctly as proposing 
surgerj on these simptomless cases when he continues “We do feel, 
however, that there should be a proper relationship of the vestibule to 
the os internum of the nose, and also a propei relationship of the lateral 
walls of the nose to the nasal septum” I hope not, since he admits in 
his next sentence that "it is difficult to put into figures just what this 
relationship is” and that “the various indices, such as the choanal index, 
and the clinical nasal index, as well as the X raj nasal index gives us 
figures which are onlj relative ” 

I cannot saj whether I agree with some of the other statements or 
not, since I do not understand just what thej are meant to implj For 
eyample “When the nostrils are round and wide, usually the os inteinum 
is similar and an excessive amount of space is usuallj present between 
the lateral nasal wall and the nasal septum” Excessiie bj what 
standards 9 Injurious 9 Sjmptom producing 9 Or mereh laiger than 
some ethnological mean 9 “We are particularly concerned with injuries 
to the Caucasian nose which may simulate, in mam respects a nose of 
different ethnic origin ” Does that mean that if mi nose had tho 
characteristics of a negroid nose it would not sene me as well ns it 
would mj African friend next door? Presumablv it is meant that such 
a nose would be disproportionate to the rest of my Teutonic cianium 
and that its function would thereby be upset This could be sometimes, 
but the ethnical reference seems remote Dr Williams adds “A study of 
embryology is quite revealing in this respect,” but he does not tell us 
what it reveals, or what is its surgical impoitance 

“Neither can anthropologic considerations be ignored,” but he does 
ignore them in his discussion and it jvould haie been interesting to 
know what they are and what thej show 

Still on the phjsiologj of the nostrils, I can summarize onlj bj saving 
that I regard it as much more definite and much simplei than it is being 
painted To put it in one sentence “The function of the nostrils and the 
pyramid is to pass an adequate amount of air in a generallj upward 
direction into the nose ’ I saj ‘generally” upw ard because the angle 13 
not very critical 

There ha\e been recurring refrences to "philosophies, concepts, indices, 
ethnics ” “the disturbance of septal totality” and so on It all sounds 
verj profound and very scientific, and Jerj new, franklJ I cannot see 
it as being verj much of anj r of these When the fury of the tempest 
dies away it all ends up in a teapot and the teapot is a familiar piece of 
antique crockery described by Charles Bell a century ago and bj others 
since 

The teapot also is a fine example of the xestlbule and how it works 
If jou will permit me, I will make a sketch of it (drawing on the board) 
The teapot is a hollow object spouting a jet The nature of this jet is 
determined by the size and shape and direction of the opening at the tip 
and bj nothing else The teapot represents the vestibule and the opening 
represents what one has iatelj been calling the os internum which by 
the waj mv dictionary defines as “the uterine end of an oviduct ” 

So long as the jet is directed generally upward things are all right 
It can be almost anvwhere between straight up and straight back so 
long as it does not fall below the rostrum of the sphenoid and bypass the 
functional part of the nose altogether The size and shape of this teapot 
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which is the vestibule has obsolutelv nothing to do with it It could 
be replaced bv a little round pipe or big square tank or a slide trombone 
So long as the hole is pointed in the right direction it does not make 
a bit of difference what comes before To point the airstream below the 
rostrum of the sphenoid a major distortion would be required a flattened 
nose a saddle nose or something else that is pretty easilv diagnosed 
If the jet veers to one side enough to create a drv spot, and the drv 
spot can be shown to make trouble it should be straightened I believe 
it is as simple as that 


SEVENTH INTERNATIONAL CONGRESS 
OF BRONCHOESOPHAGOLOGY 

The Seventh International Congress of Bronchoesophagol- 
ogy will be held at Kyoto (Japan) University, September 
12-14, 1958, under the direction of Prof Mituharu Goto, M D , 
Otorhmolaryngological Clinic, Kyoto University Hospital, 
Kyoto, Japan 

A registration fee of $25 00 U S A will be charged all 
physicians and a fee of $10 00 for wives or non-medical 
guests Registered members are admitted free to banquet, 
receptions and sightseeing tours 
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CANCER OF THE NASOPHARYNX AND OROPHARYNX 

Jerome A Hilger, M D 
St Paul, Minn 

An enlaiged lymph node in the cervical aiea is frequently 
a metastasis fiom a quiet pi unary caicmoma The diagnosis 
is piopeily made by identifying the pumaiy lesion, not bv 
lemoving 01 sampling the node If thoiough visual and tactile 
seaich leveals no pnmaiy, multiple biopsies fiom the innocent 
appealing nasophaiynx may reveal it In addition a sub¬ 
mental-occipital view of the skull base should be obtained 
An mfiltiation arising from the lateial nasophaiynx can pio- 
duce distinctive alteiations m this view, though nothing is 
seen, felt 01 obtained by biopsy m the nasophaiynx 1 In any 
case, this sequence piopeily piecedes dnect appioach to the 
nodal enlaigement 

When the lattei is necessaiy the use of the needle biopsy 

•Rend as part of a Symposium at the SIxtj-First Annual Plcetlnpr of 
the American Laryneologrlca! Rlilnologrlcnl and Otologlcal Socletj Inc 
San Francisco Calif Maj 21 115S 

Editors Note This manuscript received In The Larj nsroscope Office and 
accepted for publication Maj 2G IDES 
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offers many advantages o\ ei node excision A new needle 
has lecentlv been descubed foi this piupose - 

CANCER OF THE NASOPHAR1NX 

Cancel of the nasophaiynx constitutes 0 4 pei cent of all 
cancel m occidental countnes, 3 it constitutes 5 pei cent of 
cancel m China 4 The leason foi the diffeience is not known 
In oi dei of frequency the symptoms of cancel of the naso¬ 
phaiynx aie 1 Enlaiged gland oi glands m the neck, 
2 nasal symptoms, obstiuction oi epistaxis, S Vth neive 
pain (in clinical analysis of this symptom a loutme submental- 
occipital X-iay view is a useful addition to clinical examina¬ 
tion) , U signs of auditorv tubal obstruction, and, 5 paial- 
isis of ciamal nerves othei than the Vth cianial nerve 

In 50 pei cent of cancels of the nasophaiynx a metastatic 
node is the fust evidence of disease. In 70 to 80 pei cent 
metastatic nodes are piesent at the time of diagnosis A high 
posteiior ceivical tuangle node is the most fiequent individual 
nodal involvement B 

The aveiage patient waits thiee months aftei the appeai- 
ance of fust symptoms of cancel of the nasophaiynx befoie 
consulting a doctoi, the correct diagnosis is not made foi 
an additional foui months in the average case, and piopei 
theiapy is not applied to the aveiage cancel of the naso¬ 
phaiynx until ten months have elapsed fiom initial symptoms 6 
While 10 to 15 pei cent of cases piesent ciamal nerve paial- 
vses as the first symptom of disease, nerve involvement has 
increased to 20 to 25 pei cent of all cases bv the time conect 
ti eatment is initiated 3 

Lack of microscopic differentiation of a high percentage 
of nasopharyngeal cancers has resulted m vaned pathologic 
classifications Division into squamous cell epitheliomas, 
lymphoepitheliomas, and lympliosai comas delineates ti eat¬ 
ment and prognosis satisfactorily The above oidei is that 
of fiequencv of occunence 1 Favorable prognosis, howevei, 
is in levelse ordei Thirty to 50 pei cent of lvmphosaicomata 
can be expected to be well five years after ti eatment Tins is 
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i educed to 25 pel cent with lymphoepitheliomas and to 15 
pel cent with squamous cell caicmoma 157 

Cranial nerve involvement, decalcification of the skull base, 
and presence of metastases aie ominous piognostic signs m 
a given case 7 

Cancer of the nasophaiynx cannot be cuied by suigical 
methods Principal dependence is on ladiation theiapy 
Theie is a wide vanance m methods of applying it 

Since diagnosis centeis on the surgical techniques of the 
otolaiyngologist he fiequently maintains an intei est at the 
theiapy level This is usually expressed m terms of suigical 
exposure of the tumoi, as with palatal fenestiation 8 oi paitial 
septectomy, 0 in fulguiation of the tumoi, oi in techniques 
of mtiacavitaiy radiant applicatois 1011 The primary tumoi 
that peisists to kill the patient, howevei, is that cell most le- 
mote from the cavity and from fulguiation and local ladiant 
souices Foi moie complete blanketing and homogeneous 
distribution through the tumoi zone it is piobably tiue that 
external, multiple-poit madiation most neaily fulfills the 
ideal 712 ’ 13 Combinations of mtracavitaiy and external lay 
souices have no advantage and some disadvantage to delivei- 
ance of the total dose by multiple external ports as the pnmai y 
tieatment The mtiacavitaiy techniques aie most applicable 
for tumor persistence where the skm will tolerate no furthei 
external lnadiation 0 

Because of skeletal parts that must be tiaversed by the 
beam, the mcieased penetiation of the Gamma lays of cobalt 
60 aie preferable foi external treatment to the ladiations of 
the moie universally available 250 kilovolt equipment 

Since 70 to 80 pei cent of cancels of the nasophaiynx have 
oi develop ceivical nodal metastases tieatment of the anteiioi 
and postenor ceivical triangles should be included with tieat¬ 
ment of the piimaiy Because ovei 30 pei cent of cases 
metastasize eventually to the contralateial side also, the supia- 
omohyoid cervical lymphatics should be included on that side 
If metastasis is alieady piesent on this second side the field 
should be extended to the clavicle 13 
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Total madiation dosage with any technique is a factoi of 
individual lesponse Heie the leal skill of the ladiation 
theiapist becomes appaient The otolaiyngologist serves 
best who is most cutical m his selection of a therapist 

The usefulness of neck dissection foi persistent metastatic 
node involvement has to be analyzed m the light of two con- 
sideiations 1 The uncertainty of piimary contiol, 2 the 
uniesectable lateial pharyngeal node, the highest node in the 
chain A case m this piedieament lequnes the application 
of the most thorough madiation effort to the metastasis be- 
foie suigical lesort 1415 

Peisistence of pumaiy tumoi, as evidenced by leappear- 
ance aftei a quiet interval, should be puisued by additional 
madiation The technique may have to be modified by skm 
toleiance This may be earned to a thud and a fourth senes 
Thus, though “cuie” and “suivival” aie not synonymous, the 
lattei is desnable to the limit of a leasonably comfortable life 
In one small senes the thiee yeai survival was mci eased fiom 
21 pel cent to 57 pei cent by these peisistent tactics 10 

CARCINOMA OF THE OROPHARYNX 

The oiophaiynx is that anatomic segment extending fiom 
the aich of the atlas to the hyoid bone Its antenor limit is 
the buccophaiyngeal sphmctei compnsed of antenor faucial 
pillais and soft palate, and the base of the tongue to which 
the sphincter closes Malignancy in the area occuis pnn- 
cipally as squamous caicmoma of the soft palate, squamous 
caicmoma, lymphoepithehoma, and lymphosaicoma of the 
tonsil, squamous caicmoma, lymphoepithehoma, and lymph o- 
saicoma of the lingual base, and squamous carcinoma of the 
hnguo-tonsillai and glosso-pharyngeal sulcus and vallecula 
Malignancy of the postenoi oiopharyngeal wall and of the 
lateial wall postenoi to the postenoi faucial pillai is un¬ 
common 

Cancel of the Soft. Palate 

Caicmoma of the soft palate is typically squamous and dif¬ 
ferentiated Tiue pnmary involvement, as distinguished 
fiom extension of tonsillai cancel is not common Metastasis, 
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when it occuis, is to the uppei deep ceivical nodes External 
11 radiation theiapy may be combined with madiation thiough 
the open mouth Neck dissection should be done foi un¬ 
controlled metastases if the pnmaiy appeals contioiled The 
five-yeai control late tinough these tieatment methods ap- 
pioximates 25 pei cent 

Cancel of the Tonsil 

Cancel of the tonsil comprises 2 to 3 pei cent of all cancel 
Only cancel of the laiyngo pharynx is moie common in the 
uppei respiratoiy tract Lymphosarcoma occuis on an aver¬ 
age at an eaiher age than does lymphepithelioma or squamous 
caicmoma The lattei occuis piepondeiantly (nine to one) 
m men It usually spieads quite lapidly to the soft palate, 
the antenoi pillar, oi the hnguo-tonsillar sulcus Metastasis 
to the upper deep cervical lymph node is usually present It 
may be the outstanding fust symptom with an inconspicuous 
primary The latter may be palpable m the tonsil when it is 
not actually visible A punch biopsy of the suspected area is 
a sounder appioach to diagnosis than is enucleation of the 
tonsil The lymphatic flow fiom the malignant area will 
increase in dnect proportion to the tiauma and extent of the 
biopsy pioceduie 

As a method of pnmaiy treatment suigeiy has no place 
in the tieatment of tonsillar cancer External madiation is 
the best therapy Bilateral fields include the immediate upper 
deep cervical lymphatic aiea The best assumption is that 
these are involved metastatically even m the absence of clinical 
evidence The metastatic disease is more umfoimly lespon- 
sive m tonsillar cancel than m other oi opharyngeal cancels 
Tins is the most important part of the disease, and treatment 
should be carried to full dosage even though the nodes dis- 
appeai eaily m the couise of treatment Neck dissection is 
indicated foi the mfiequent case wheie theie is pi unary 
conti ol with peisistent metastases The dissection must be 
earned well above the level of the digastnc muscle 

One of the most distressing complications of the madiation 
tieatment of tonsillai cancel is mandibulai ladioneciosis It 
may develop yeais latei The usual immediate cause is ex- 
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tension of infection fiom canous teeth and peridental infec¬ 
tion into the partially devitalized bone This can be avoided 
by the lemoval of the teeth befoie theiapy is begun 

The piesence of metastases m cancel of the tonsil has an 
important beaung on piognosis In one senes of 160 patients 
metastases weie piesent m thiee-fourths of the cases In 
11 pei cent these ueie bilateial The five-yeai contiol late 
m the absence of metastases was 20 pel cent In those cases 
piesentmg unilateial metastases it was 4 pei cent When 
bilateral metastases weie initially present the salvage at the 
end of five years was zeio 

The best piognosis m tonsillai cancel is m the lymphosar¬ 
comata The outlook is approvimately twice as favoiable as 
with squamous cancel, 30 to 40 per cent five yeai control as 
compaied with 15 to 20 per cent The lymphoepithehomata 
lie somewheie between 

Cancer of the Lingual Base 

That portion of the tongue postenoi to the cn cumvallate 
papillae has well known histologic diffei ences from the mobile 
anterior lingual two-thirds Cancel involves the posterior 
aiea less frequently, m a latio of five cancels in the antenor 
segment to one posteriory Cancel m the lingual base is a 
disease pnmanly of males Squamous cancers fai outnumbei 
the lymphoepithehomata and Ivmphosai comata Uppei deep 
ceivical node metastases (at and below the level of the hvoid 
hom) are the lule m all three types, 80 to 90 per cent have 
metastases The spread is often bilateial, in one-thnd if the 
primary is confined to one side of the base, and m two-thirds 
nhen the primary is on both sides of the midhne 

External madiation is easily applicable to the primary, and 
necessarily crosses both lateial lymphatic zones Special ap¬ 
plications of radium needles and radon seeds have been advo¬ 
cated, 18 but on theoretical grounds lack homogeneity and add 
nothing in total dose to what is accomplished thiough ex¬ 
ternal irradiation Unfortunatelv, m the squamous cancers 
five-yeai control of the disease is obtainable m fewer than 
10 pei cent of cases by eithei method Again, the results aie 
twice as good u ith lvmphoepithelioma and lymphosarcoma 
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Suigical lesection of the pnmai y area is^not feasible m 
cancel of the lingual base Since X-iay stenhzation of the 
pumaiy occuis only infrequently, theie are few instances 
wheie neck dissection foi the unconti oiled metastatic bed is 
indicated m this miseiable disease 

Cancel of the Lingxio-Tonsillai and Glossopharyngeal Sulcus 

and Vallecida 

Occuiiing, as they do, m a natuial anatomic fold these 
tumois can be ovei looked with the flashlight-tongue blade 
loutme of the casual exammei It will be a leal accomplish¬ 
ment when the otolaryngologists mdoctnnate then medical 
confeiees m the simple routine of minoi examination and 
foiefmgei palpation of the 01 opharyngeal aiea Sulcus can¬ 
cel can be deeply mfiltiatmg and piesent only a fissuie-like 
ulcei at the suiface 1920 

As with all of the 01 opharyngeal cancels, the sheltering 
effect of the mandible and the pioximity of the cartilaginous 
laiynx demand caieful external lriadiation of sulcus and 
valleculai cancer Penetiatmg Gamma n radiation, as with Co¬ 
balt 60 on theoietical grounds, offeis distinct advantages 212 '”’ s 
Tumoi residuum is tieated by some with implantation of ladon 
emanation seeds Special techniques with ladium needles 
and emanation seeds have then gieatest usefulness wheie 
further external madiation foi peisistent tumoi is not pos¬ 
sible because skin toleiance would be exceeded 

Suigeiy is useful foi peisistent metastasis if the pnmaiy 
is conti oiled This combination of cncumstances is not com¬ 
mon In addition the metastatic involvement has a way of 
mfiltiatmg the caiotid sheath In the piesence of uncertain 
pi unary conti ol, the piospect of caiotid resection en bloc is 
discouiagmg to tempeiate suigical minds, indeed, it is a 
laie cancel m this aiea that lends itself to suigery foi the 
pnmaiy oi the secondaiy Sulcus tumois do not have as 
favoiable outlook foi cuie as does tonsillai cancel As a 
gioup, they do, howevei, have a bettei outlook than cancel 
of the lingual base " 
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Suigical lesection of the pnmaiy-aiea is,not feasible in 
cancel of the lingual base Since X-iay stei lhzation of the 
piimaiy occurs only mfiequently, theie are few instances 
wheie neck dissection for the unconti oiled metastatic bed is 
indicated m this miseiable disease 

Cancel of the Lingua-Tonsillai and Glossophai'yngeal Sulcus 

and Vallecula 

Occunmg, as they do, in a natuial anatomic fold these 
tumois can be ovei looked with the flashlight-tongue blade 
loutme of the casual exammei It will be a leal accomplish¬ 
ment when the otolaryngologists indoctiinate then medical 
confeiees in the simple routine of minoi examination and 
forefmgei palpation of the oiophaiyngeal aiea Sulcus can¬ 
cel can be deeply mfiltiating and piesent only a fissuie-like 
ulcei at the suiface 19 20 

As with all of the oiophaiyngeal cancels, the sheltenng 
effect of the mandible and the pioximity of the cartilaginous 
laiynx demand caieful external madiation of sulcus and 
valleculai cancel Penetiatmg Gamma lriadiation, as with Co¬ 
balt 60 on theoietical giounds, offers distinct advantages 11 " 
Tumoi lesiduum is tieated by some with implantation of ladon 
emanation seeds Special techniques with ladium needles 
and emanation seeds have then gieatest usefulness wheie 
furthei external n radiation foi peisistent tumoi is not pos¬ 
sible because skin toleiance would be exceeded 

Suigery is useful foi peisistent metastasis if the pi unary 
is conti oiled This combination of cncumstances is not com¬ 
mon In addition the metastatic involvement has a way of 
mfiltiating the caiotid sheath In the piesence of uncertain 
pnmary contiol, the piospect of caiotid lesection en bloc is 
discouiagmg to tempeiate suigical minds, indeed, it is a 
laie cancel m this aiea that lends itself to suigery foi the 
pnmary oi the secondary Sulcus tumois do not have as 
favoiable outlook for cuie as does tonsillai cancel As a 
gioup, they do, howevei, have a bettei outlook than cancel 
of the lingual base " 
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ence of patients with malignant disease, but when oui desne 
is accomplished, we often lack the mdex of suspicion which 
would dnect us to the investigation which m turn would lead 
to the diagnosis 

The eaily symptoms and signs aie in no way indicative of 
the lethal disease which is causing them Unilateial epistaxis, 
nasal obstiuctions and disehaiges, and widening of the nasal 
bridge aie by no means uncommon m nonmahgnant disease 
Even when the symptoms and signs become moie seveie, 
pam ladiatmg to the teeth, the cheek and the oibit, oculai 
pioptosis, and tendei swellings of the palate and antial aiea, 
the physician who does not possess a healthy curiosity will 
not undertake the appiopnate diagnostic studies 

Malignant disease of the nasal cavity and paianasal sinuses 
must be constantly suspected as an explanation of such symp¬ 
toms and signs as I have just listed It must be consideied to 
be piesent until it is pioved not to be, undei the following 
conditions 

1 When unilateial masses aie piesent m the nose 

2 When polypoid masses have been piesent in the nose and 
sinuses foi a consideiable time, and then lemoval is attended 
with abnoimally fiee bleeding 

3 When tlieie is piolonged unilateial nasal blockage, with 
a blood-tinged puiulent dischaige 

4 When the complaint of pam in the cheek oi uppei teeth 
is dispioportionate to the clinical findings 

5 When a puiulent sinus infection fails to lespond to ade¬ 
quate tieatment within a leasonable penod of time 

6 When unilateial swelling and tenderness occui m the 
nasal aiea 

These symptoms and findings lequne a diagnostic survey, 
in which a careful local examination and nasopharyngoscopy 
are the fust steps 

Roentgenologic examination comes next The positive signs 
include opacity of the nasal cavity, megulaiity of the soft 
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THE NASAL CAVITY AND PARANASAL SINUSES *f 

Harold G Tabb, M D , 

New Oileans, La 

A discussion of cancel of the nasal cavity and paianasal 
sinuses which does not begin with an admission of the dis- 
tiessmg fact that the lesults of tieatment are geneially pool, 
is simply not leahstic One leason foi the pool lesults is 
anatomic, the stiuctuial continuity of the aiea is an invita¬ 
tion to lapid spiead of any disease piocess Anothei leason 
is clinical, the usual textbook descuption, though unfoitun- 
ately it very often fits the state of the patient when he is 
fust seen, is the pictuie of advanced disease, not of eaily, 
cuiable disease Diagnosis will be delayed and treatment will 
be ineffective until this mistaken concept is ovei turned 

Patients are geneially late in seeking medical advice A 
delay of three months is about aveiage, but a delay of six to 
nine months is not at all unusual, and every senes contains 
cases m which the delay is a yeai or more One leason why 
patients delay is that the symptoms of cancel in these aieas 
are often the symptoms of diseases which they have had foi 
months 01 yeais The etiology of malignant disease of the 
nasal cavity and paianasal sinuses is still unsettled, but m 
many instances it is i elated to such conditions as chionic 
sinusitis, allergies of various kinds, polypi, and nasal obstruc¬ 
tions m which theie is intei feience with proper ventilation 
and drainage, and to which the patients have become ac¬ 
customed 

Another leason why patients aie seen late is that the 
physicians and dentists, whom they have fust consulted, have 
treated them on the basis of the symptoms they piesented, 
without investigating what undeilies them Otolaryngologists 
themselves aie often at fault We plead foi the eaily lefei- 

*Read as part of a Symposium at the Sl-ctj-First Annual Meeting of 
the American Laryngologlcal Rhinologlcal and Otologlcal Soclet> Inc. 
San Francisco Calif May 21 1958 

•fFrom the Department of Otolaryngologry Tulane UnHersitj of Louisiana 
School of Medicine 
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by hospital blood banks, and the availability of wide-specti um 
antibiotics 

The Webei-Feigusson incision is used to expose the facial 
surface of the maxilla, and the entire maxillaiy bone, with 
the maxillaiy sinus, ethmoids, and oibital contents, is lemoved 
en bloc To accomplish this, the palate must be split m the 
midline and the maxilla and portions of the zygoma and 
ethmoid bones sepaiated fiom then attachments The sphe¬ 
noidal, fiontal, and postenor ethmoids aie cuietted and 
fulguiated, as aie any othei suspicious aieas The cribriform 
plate may be lemoved and the underlying duia cauteiized, to 
caie foi possible extensions The eye is always included m 
the dissection unless an obviously cleai maigm of normal 
tissue can be demonstrated between it and the lesion If 
theie is any doubt, the eye must be sacrificed 

Since cancel of the nose and sinuses is charactei istically 
late m metastasizing, ladical neck dissection, although it can 
be performed with maxillectomy, is usually defened Often 
it is not employed until the indication foi it becomes evident 

During the opeiation, the entile cavity is irrigated with a 
cancel ocidal solution, to 1 educe the numbei of viable cancel 
cells m the wound washings When the tumoi is highly 
malignant, it is well to follow its surgical lemoval with some 
appiopnate chemothei apeutic agent Perfusion techniques, 
which have given veiy piomismg lesults in some legions of 
the body, foi anatomic and othei leasons do not seem ap¬ 
plicable at this time to cancel of the nasal cavity and paia- 
nasal sinuses 

The solution to this particular pioblem lies with the gen- 
eial practitioner, the dentist, and sometimes the ophthalmol¬ 
ogist even moie than with the otolaryngologist It is oui duty 
to be eternally on guaid, ourselves, and to acquaint those who 
aie not piacticmg this specialty -with the real facts of this 
disease, otherwise, many a patient will continue to lose his 
only chance of life Until diagnosis is achieved eaiher, ladical 
suigeiy followed by maximal ladiation, which, given a fair 
chance, can control the disease, will often piove palliative 
lathei than cuiative, and the lesults will be pool as well as 
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tissues, and bony destiuction Cytologic examination by the 
Papanicolaou technique is valuable when it is positive, but 
useless and possibly misleading when it is negative The same 
holds foi aspuation biopsy 

Even fiozen section has a maigm of eri 01 , yet theie is 
no loom foi enoi when mutilating suigery, such as is neces- 
saiy m this vanety of cancel, must be undertaken If ie- 
peated biopsies aie negative and the suspicion of cancel still 
peisists, an exploiatory pioceduie is wan anted The pathol¬ 
ogist must be supplied with a lepiesentative section of tissue, 
and he must be given ample time to study it 

These facts may be elementaly, but they constitute the 
background of successful theiapy Until the disease is lecog- 
nized, tieatment will not be instituted Unless the disease is 
lecogmzed eaily, the most potentially useful tieatment will 
be useless 

Inadiation, which was foimeily geneially employed, was 
used, as Fiazell has ivell put it, moie by default than by any 
pioved supenonty of lesults, in fact, it has decided disadvan¬ 
tages, including seveie oculai complications It may also 
cause infection and piolonged disability because of the edem¬ 
atous obstiuction of noimal diamage channels by infected 
and neciotic cancel tissue The collective pioceduies ie- 
quned when this happens aie often of such magnitude that 
ladical suigeiy might as well have been employed to stait 
with 

It is tiue that with the advent of supeivoltage theiapy, 
inadiation pi onuses foi the futuie bettei lesults with fewei 
disastious side-effects That day, howevei, has not yet ai- 
lived At the piesent time, the optimum tieatment is ladical 
suigeiy combined with maximum doses of ladiation by both 
the mtiacavitaiy and external techniques 

The suigeiy must be ladical Anything less than wide 
exposuie and en bloc lemoval of the involved tissues is in¬ 
adequate tieatment Suigeiy of such magnitude is now 
piactical because of impioved techniques of anesthesia, in¬ 
cluding hypotension, the hbeial use of whole blood piovided 
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exists m any part of the larynx 01 hypopharvnx and whethei 
thexe is dnect extension 01 metastases Othei chaiactenstics 
such as size, piesence of edema, surface giowth, 01 deep ulcei- 
ation may be of furthei assistance m classification 

III Diagnosis 

The diagnosis of cancel m the aieas undei discussion can 
usually be made by biopsy and mici oscopic examination of the 
tissue Other aids m establishing diagnosis aie, Papanico¬ 
laou’s stains of extiuded cells, tomogiaphy, conti ast media 
Roentgen studies and palpation Furthei suigical pioceduies 
may be lequned foi conect diagnosis such as lepeated 
biopsies and thyiotomy If it is necessaiy to lesort to the 
lattei, the opeiatmg loom should be set up and the suigeon 
piepared to cany out definitive suigical tieatment aftei the 
diagnosis is established by mici oscopic fiozen sections 

In oui expeilence, ovei 99 pei cent of the cancel ous lesions 
m this aiea have been of the squamous cell vanety Gener¬ 
ally, if the site of origin of the lesion is other than the tiue 
vocal coids, one may expect to fmd the neoplasm less veil 
diffei entiated micioscopically Accoidmg to Biodei’s classi¬ 
fication, most coidal squamous cell eaicmomas aie of Giades 
I and II Only lecently, we have seen a case with a small 
cancer of the tiue vocal coid which was lemaikably anaplastic 
m its growth patterns, and was consideied by oui pathologist 
to be Grade IV 

IV Ti eatment 

Suigery and ladiation theiapy aie the onlv two foims of 
therapy available todai foi the tieatment of patients with 
cancel of the larynx In no sense of the woid, should these 
two methods of tieatment be competitive, but should be close¬ 
ly mtegiated even m the same patient when indicated 

Illustrative cases with various types of lesions will be 
presented 

Patients with earlv Stage I coidal squamous cell eaicmomas 
should be treated by peioral lemoval and fulguiation, lathei 
than with ladiation therapy 
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mutilating With eailiei diagnosis and conectty applied 
theiapy, the pioportion of five-yeai lesults will readily be 
doubled 


CANCER OF THE LARYNX AND PHARYNX 
DIAGNOSIS AND TREATMENT * 

Walter P Work, M D , 

San Fiancisco, Calif 


I Inti oduction 

My part of the symposium is to discuss the diagnosis and 
treatment of squamous cell eaicmoma of the laiynx and 
hypophaiynx I can only outline oui expenences with this 
disease m the time allocated 

II Classification 

We classify cancel of the laiynx and the sunoundmg an¬ 
atomical aieas according to the International Radiological 
Congress’ pioposals made m Copenhagen m 1953 Of the 
many pioposals for classifying cancerous lesions of the larynx 
and hypophaiynx, the above appeals to be workable and use¬ 
ful Frequently, clinicians will make modifications m any 
classification according to then needs and to the needs of 
then patients 

Coidal, supiaglottic, subglottic, hypopharyngeal and post- 
cucoid aie descuptive terms used foi anatomical aieas m 
winch lesions aie placed Often the dividing line between 
these aieas is not sharply defined, and m some patients it is 
difficult to deteimme the tiue anatomical site of the oiigm 
of the lesion Lesions aie furthei giaded m Stages I to IV 
Such staging is an aid to the clinician m planning theiapy 
and evaluating lesults The staging of lesions by the clinician 
is an attempt to determine whethei impanment of function 
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the initial suigery, so that conti alateial block dissection may 
be canned out as eaily as possible if nodes appeal 

Advanced Stage II supiaglottic lesions m the legion of the 
petiolus of the epiglottis aie difficult to tieat by any method 
These lesions must be consideied as potentially metastasizing 
to the lymph nodes m both sides of the neck Widefield 
laryngectomy plus initial unilateial block dissection of the 
neck, and later block dissection of the conti alateial side aie 
fiequently indicated This is particulaily tiue when micio- 
scopic lymph nodes aie found in the ongmal opeiative speci¬ 
men Patients with Stage II lesions on the lateial suiface 
of the epiglottis and uppei aryepiglottic fold areas, must be 
consideied candidates foi similai suigical tieatment Cases 
with Stage II lesions of the aryepiglottic fold pi opei extending 
into the false cord and pyuform sinus must be consideied foi 
similai treatment This is tiue also foi patients with Stage 
II lesions m the arytenoid area All patients with Stage III 
lesions m those aieas should be tieated likewise, piovidmg 
the lymph node metastases aie lesectable 

Patients with lesions in othei portions of the epiglottis, 
not noted above, should be tieated suigically Cases of cancel 
of the flee uppei surface of the epiglottis suitable foi peioial 
removal are laie indeed Such lesions would fall into Stage I, 
and we have seen none in oui series of cases Likewise, 
patients with lesions m this area, early Stage II, suitable for 
tianshyoid lesection aie laie We have seen one patient 
who had an extensive Stage II cancel m this area which was 
treated by ladiation theiapy m 1950 In 1956 there was a 
lecunence on the fiee uppei bordei of the epiglottis which 
was lemoved suigically by the tianshyoid appioach 

Patients with lesions of the entile epiglottis aie usually 
seen in Stages II and III Then piognosis is pool, even with 
extensive suigery oi ladiation theiapy, oi with both Pa¬ 
tients with early Stage II lesions of the central postenoi 
surface of the epiglottis should be tieated by widefield laryn¬ 
gectomy Unilateial lesions of the epiglottis aie most often 
seen m late Stages II oi III, and lequne widefield laryngec¬ 
tomy m combination with unilateial or bilateial block dis¬ 
section 
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Coidal lesions, Stage I, slightly moie advanced than m the 
above cases, aie ideal foi eithei ladiation theiapy 01 laiyngo- 
fissuie I cannot specifically lecommend suigeiy 01 ladiation 
theiapy foi a given patient since many factois, such as age 
of patient, geneial health, etc, will influence the doctoi’s 
choice of tieatment Patients with caicmomas m situ local¬ 
ized to a small aiea of the tiue vocal coid should be tieated 
suigically 

If we considei moie extensive lesions of the vocal coid, 
such as a coidal lesion, Stage II, wheie function is impaiied 
and theie aie no palpable ceivical lymph nodes, suigeiy should 
be consideied m lieu of ladiation theiapy The Som 1 opeia- 
tion foi postenoi one-thud coidal lesions, and hemilaiyngec- 
tomy 01 the modification of this pioceduie with pumaiy skm 
giaft, as advocated by Figi 2 should be considei ed 

In patients who have a coidal lesion, Stage II, (even with 
both vocal colds involved), with maiked limitation of motion 
and the cancel is still confined within the caitilagmous laiynx, 
the pioceduie of choice is widefield laiyngectomy Patients 
with late Stage II and III coidal lesions will lequne widefield 
laiyngectomy and simultaneous umlateial block dissection 
Many of these cases with advanced lesions will have ventncu- 
lai 01 subglottic extension oi both Cancel ansing on both 
vocal coids may be so extensive that a latei conti alateial 
block dissection may be necessaiy if metastatic nodes appeal 

Patients with supiaglottic squamous cell caicmoma aie 
usually fust seen in late Stage II oi Stage III, howevei, oc¬ 
casionally a patient with an eaily Stage II lesion in this aiea 
will be seen In oui senes of cases, we have seen none with 
a Stage I lesion m these aieas Stage II ventnculai lesions 
lequne widefield laiyngectomy Stage II false coid lesions, 
paiticulaily if then giowth is exophytic, will lequne wide¬ 
field laiyngectomy Stage II false coid lesions have potential¬ 
ly metastasized to the ceivical lymph nodes when the patient 
is fust examined Such individuals must undeigo widefield 
laiyngectomv and elective block dissection Fuithei, metas- 
tases mav occui on the conti alateial side of the neck, and 
patients must be examined caiefullv and fiequently following 
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MODERN CRITERIA FOR DIAGNOSIS AND THERAPY 
OF MALIGNANT DISEASE IN THE UPPER 
RESPIRATORY TRACT * 

John J Conley - , SI D , 

New York, N Y 

Melanoma of the head and neck pi esents us with significant 
clinical diagnostic, therapeutic and statistical data that wai- 
rant careful analysis Approximately 25 per cent of all the 
melanomas of the body occur in the head and neck area This 
of course, highlights the importance of diagnosing this con¬ 
dition accurately Fifty per cent of all the patients that we 
see, with melanomas in the head and neck give a history of 
having had a brown or black mole present all of their lnes 
This means that you cannot disregard the lesion which has 
been present for a 20-, 30-, 40-year period Fifty per cent of 
the melanomas that we see give a history of repetitive trauma, 
not a single incidence of trauma, but repeated trauma, whether 
shaving, cleaning the teeth, combing the hair, at the collar line 
on the neck, in the mouth, on the lips, etc The same situation 
apphes to fingers, feet, perns, anus, from the brassiere strap 
on the shoulder, from the belt buckle at the waist, etc 

As far as the diagnosis is concerned, we feel that any change 
in color or clinical appearance, or anv subjects e change such 
as itching, stinging or burning, warrants eaieful observation 
of the pignmented lesion Certainly if the pigmented lesion 
begins to grow, if it gets blacker and larger, and if there is 
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Phaiyngeal and postcucoid lesions will be consideied next 
Stugeiy is the tieatment of choice foi these A high pei- 
centage of patients with these lesions fall into Stage III when 
fust examined Hence, most all of the cases ■with pyufoim 
sinus lesions lequue some foim of extensive phaiyngeal and 
laiyngeal suigeiy and block dissection of the neck Patients 
with eaily Stage II lesions of the lateial hypophaiyngeal wall 
cany a good suigical piognosis, piovidmg paitial phaiyngec- 
tomy and block dissection aie earned out m continuity Pa¬ 
tients with postei 101 hypophaiyngeal lesions enci oachmg upon 
the uppei esophagus lequue extensive suigeiy, both as to the 
local pnmaiy lesion and to the lymph beanng aieas on both 
sides of the neck In addition, plastic lepair of the phaiyn- 
geal and esophageal defects must be done The extent of such 
lesions usually piecludes the saving of the laiynx itself 
Since a high peicentage of these cases have palpable ceivical 
lymph nodes on initial examination, it must be decided by the 
suigeon whethei the nodes are lesectable befoie suigeiy is 
attempted 

In oui senes of cases, we have had only two patients with 
pnmaiy subglottic squamous cell caicinoma One patient’s 
lesion was classified late Stage II while the othei’s was classi¬ 
fied as Stage III In neithei patient was the disease anested, 
m spite of extensive suigeiy Subglottic lesions metastasize 
eaily to the lymph channels in both sides of the neck and 
uppei mediastinum As fai as oui limited expenence is con¬ 
cerned, we believe that any known form of tieatment foi 
Stage II 01 Stage III subglottic squamous cell caicinoma is 
inadequate This is in contiast to those coidal cancels which 
have extended dnectly to the subglottic aieas 

V Conclusions 

Many patients with caicmomas of the laiynx and hypo- 
phaiynx aie still being examined initially m latei stages of 
the disease, when only palliative theiapy could be lecom- 
mended In fact, appioximately 20 pei cent of oui cases 
weie classified as late Stage III and Stage IV The lemainmg 
80 pei cent of the cases underwent treatment dnected at 
anestmg the disease Suigical tieatment was the tieatment 
of choice m most instances 
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the pioceduie If it is leported as a malignant melanoma 
then I think you aie obligated to go back and do a widei local 
lesection, because no excisional biopsy technique is consideied 
adequate tieatment foi malignant tumoi 

So fai as the tieatment is concerned, uradiation is not 
effective The salvage late lieie appioaches zeio Surgical 
excision is certainly the method of choice m all cases, when 
possible The head and neck, foitunatelv, lend themselves 
bettei to technical excision than almost anv othei aiea of the 
bodv We aie not faced with the complex pioblem heie of an 
individual w ith a melanoma on tlie sole of his foot 01 on his 
big toe, which poses the question of whethei the entile leg 
should be amputated 01 disarticulated Oui aieas aie neat 
and tidv as fai as legional activity is concerned My own 
peisonal feeling is that if the melanoma is less than 2 cm m 
size and theie is no evidence of clinical metastasis, and if it is 
not necessary to opeiate m the neck to excise it, I no longei 
feel that am* continuity lesection is indicated I do a wide 
lesection of the pnmarv lesion If the melanoma is laige— 
ovei 2 cm m size—legaldless of its position, but particularly 
if it is located on the neck, then an elective neck dissection is 
included in the absence of obvious metastatic disease 

If theie is evidence of metastasis m the neck, the neck dis¬ 
section is alwa\s included with the excision of the pnmarv 
lesion The salvage late in our group of cases is not signifi¬ 
cantly lnghei wheie elective neck dissections have been done in 
the tieatment of what we classify as situations with a high 
possibility of micioscopic metastatic melanoma I think the 
diffeience is only about 5 pei cent and that is the reason 1 
haie letieated to a moie reasonable position 

Unfortunately, melanoma can metastasize by any of thiee 
routes Its most fiequent mode of metastasis is hematogen¬ 
ous When it does metastasize bi the hematogenous loute, 
the prognosis is hopeless The next most common is m the 
legional lymphatic bed Heie the piognosis is between 25 
and 30 pei cent for the fne yeai cuie I think that if we will 
appieciate that ongmalh this disease was consideied to be 
almost totalh hopeless fiom a piognostic point of view, a 25 
pei cent cuie is a leasonable figuie, howeYei, I would like to 
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ulceiation, it has to be consideied as a melanoma Those 
which do not have such dynamic change m then biology of 
couise aie suspicious, but those that change m coloi and size, 
and which ulceiate, have to be consideied as melanomas Heie 
I think we must be caieful not to be tiapped by a condition 
winch lesembles this, called the pigmented basal cell cancel, 
also we have to be caieful not to be trapped by the amelanotic 
melanoma which lesembles the ulceiatmg squamous cell can¬ 
cel but glows so lapidly without pigment mobilization that 
it may be confused with the squamous cell cancel 

I think the othei point in the diffeiential diagnosis is what 
to do about the innocent 01 benign pigmented lesion, the neuio- 
nevus The most important factoi heie is sepaiatmg the 
nevi which can undeigo malignant deteiioiation fiom the ones 
which ordinarily do not This is an important clinical ob- 
seivation The nevi that aie puckeied like a wart, the nevi 
that have laige hany deposits in them—two 01 thiee big 
black hails coming out of them—hardly evei undeigo malig¬ 
nant deteiioiation, and I don’t think that it is necessaiy to 
lemove these piophylactically in anyone, unless it is desned 
for cosmetic puiposes, howevei, the nevi that aie flat, 01 
smooth, either black, 01 daik biown, 01 blue-black, 01 buff 
coloied, oidmanly can be tioublemakeis No one can tell 
with the naked eye the differentiation between an epideimal 
nevus, a deimal nevus, a subdeimal nevus 01 a junctional 
nevus Actually, I think the feeling at the piesent time is that 
melanoma comes only fiom the junctional nevus, but those that 
we aie mteiested in aie the flat ones, not those that aie 
puckeied up like a wart and contain hail 

As fai as the biopsy is concerned, no incisional technique 
should be earned out In othei woids, you should not cut into 
this black ulceiatmg aiea to obtain tissue foi biopsy This is 
a very stuct rule If the lesion is ulceiatmg, you may apply 
fibim foam 01 wash it and have a Papanicolaou examination 
done I believe the safest thing, howevei, is to do an excisional 
biopsy of the entile aiea In othei woids, you aie at least a 
centimetei 01 two aiound the penpheial maigin of the lesion 
you suspect, and this is sent in toto, en masse, to the laboia- 
toiy If it is leported as a benign lesion, that is the end of 



THE NOSE AND PARANASAL SINUSES * 


Heinrich Kobrak M D , 
Detioit, Mich , 

and 

G Edward Tremble, M D , 
Monti eal, Canada 


About a yeai and a half ago, Di Heinuch Ivobiak ap- 
pioached me to see whethei I would collaboiate with him on a 
film He had in mind a movie of the nose and sinuses It 
was decided to show some of the anatomv and phvsiologi of 
the nose and to conclude with a few clinical cases On his 
suggestion I was to supply the animation, pictmes of ciliaiv 
movement and some of the cases Di Kobrak was to take 
pictuies of the skull to show the sinus openings and also some 
common conditions encounteied It was thought that the 
film would be of use to semoi students and internes A num- 
bei of meetings weie held to place the sequences m then 
piopei 01 dei The last time Di Kobiak was m Monti eal was 
about the middle of Septembei He ivas confident the film 
with the nanation would be leady foi the Academv meeting 
in Chicago m Octobei Two days befoie the Chicago meeting, 
I leceived a lettei fiom him asking me to meet him to go ovei 
the pictuie before it was sliowm at the geneial meeting 

On ailiving m Chicago, I learned the sad new r s that Dr 
Kobiak had suffeied a fatal coionary attack a dav 01 so befoie 
the meeting Aftei seaichmg his home and laboiatou with¬ 
out avail, the film was finally found m tlie back of Ins car 
Wliethei he had just leceived it aftei being piocessed 01 
whether he intended to duve to Chicago, I do not know As 
a lesult, it was up to me to cany the ball alone, so to speak 

When I saw a pieview of the film I w r as a bit distuibed 
Paits of it w'eie ovei exposed, especially the micioscopic slides 
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state that five yeais m melanoma is not the answei to the 
pioblem because at the end of ten yeais the 25 to 30 pei cent 
figuie has diopped down to about 15 The thud method of 
spiead is m the subdeimal lymphatics, and when melanoma 
behaves like this, it is, in my expenence, piactically uncon- 
ti ollable 

I would make one statement about melanoma in childien 
As you knoiv, the incidence of malignant tumois m childien 
is very low Shoitly aftei birth it is about 20 pei 100,000 
Cancel m childien is extiemely laie Melanoma does occui 
m childien, but it does not have the same clinical significance 
as it has m adults It does not metastasize as leadily It is 
usually handled by a local extnpative opeiation Consequent¬ 
ly, most of the nevi we see m childien can be handled with 
impunity 

Melanoma of the oial cavity oi any mucous membiane aiea 
has had almost a uniformly fatal ending 


ANNUAL OTOLARYNGOLOGIC ASSEMBLY 
UNIVERSITY OF ILLINOIS 

The University of Illinois College of Medicine Department 
of Otolaryngology announces its Annual Otolaryngologic As¬ 
sembly fiom September 29 thiough October 5, 1958 The 
Assembly will consist of an intensive series of lectures and 
panels concerning advancements m otolai yngology, and even¬ 
ing sessions devoted to surgical anatomy of the head and 
neck and histopathology of the ear, nose and throat Inter¬ 
ested physicians should write dnect to the Department of 
Otolaryngology, 1853 West Polk Street, Chicago 12, Ill 


IRRIGATION OF THE MAXILLARY SINUS THROUGH 
THE MIDDLE MEATUS *f 


Mervin C Myerson, M D , 
Beveily Hills, Calif 


This papei is wntten piimaiily to stimulate mteiest in 
lingation of the maxillaiv sinus thiough the middle meatus, 
prefeiably by way of its natuial onfice Theie piobably al¬ 
ways will be some conti oveisy legal ding the lelative ad- 
\antage of nugatmg this sinus by way of the middle 01 
mfenoi meatus It will lemam, howevei, foi the individual 
lhmologist, by virtue of tiammg, undeistanding, and ex¬ 
perience, to decide the technique he -wishes to follow m nligat¬ 
ing the maxillary sinus A few visits to the anatomy laboia- 
toiy will convince the most skeptical that 11 ligation thiough 
the middle meatus can be performed in a high peicentage of 
cases Although the moie geneiallv accepted method of n- 
ugatmg the maxillary sinus is by way of the mfenoi meatus, 
using a needle 01 tiocai, the numbei of otolai vngologists who 
aie using the natuial onfice and middle meatus is mcieasing 
Many laiely lesort to punctuie thiough the inferior meatus 
It has also been noted that it is easiei to entei the maxillary 
sinus by way of the middle meatus m childien than m adults 

In 01 dei to appreciate the middle meatus appioach one 
should have an understanding of the structuies involved, and 
then lelationships At about the tenth week of fetal life the 
mucous membiane of the pnmitive middle meatus of the nose 
begins to pouch laterally Tins evagmation indicates the be¬ 
ginning of the maxillary smus and is the location of the futuie 
maxillarv ostium The maxillaiy ostium is situated in the 
posterior portion of the ethmoidal infundibulum vheie the 
postenoi part of the bulla tapeis away on the uppei side, and 
the dorsal end of the uncinate piocess does the same on the 
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KOBRAK & TREMBLE PARANASAL SINUSES 


I had suggested some lateial views of the noimal nose, show¬ 
ing the sinus openings and the opening of the naso-lacnmal 
duct In othei woids, to my mind the pictuie could be lm- 
pioved and paits of it needed 1 e-editing I have some film 
showing an cunents thiough the nose and ciliaiy action in 
the piesence of an acute cold, which I think would enhance its 
value, howevei, I just leceived the movie fiom New YoiK 
about ten days ago, and I have not had time to add these 
sections I am only sony that Di Kobiak is not heie when 
it is being shown m its ongmal foim 


SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

The next joint annual meeting of the North Caiolma Eye, 
Eai, Nose, and Thioat Society and the South Caiohna Society 
of Ophthalmology and Otolaiyngology will be held m Asheville, 
N C , on Septembei 14-17, 1958, at Giove Paik Inn An ex¬ 
cellent piogiam is m the making The following guest oph¬ 
thalmologists will be piesent Di James A C Wadsworti, 
New Yoik, N Y , Di Arthur Geiaid DeVoe, New Yoik, 
N Y , and Di Fiank B Costenbadei, Washington, D C 
The following guest otolaryngologists will be piesent Di 
F W Davidson, Danville, Pa, and Di Tom Rambo, New 
Yoik, N Y A thud otolaiyngologist will be announced m 
the neai futuie A good attendance is anticipated 

Foi furtliei mfoimation wnte dnectly to Di Geoige Noel, 
c/o Caban us Bank Bldg, Kannapolis, N C , oi Di Rodenck 
Macdonald, 330 East Mam St, Rock Hill, S C 
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portion of the infundibulum immediately below the level of 
the oibital flooi and, theiefoie, just below the loweimost 
portion of the lamina papyiacea of the ethmoid bone (see 
Figs 1, 2) The onfice is usually so placed m the infundi¬ 
bulum beneath the middle tuibmate as to be leadily ap- 
pioached and enteied m a laige majonty of cases At times 
it is bulled deeply and may be inaccessible When the ostium 
is deeply placed, it is laiely hidden by the bulla, it is in- 



FIgr 2 Semi-diagrrammatic showing- nasal wall of maxlllarj sinus and 
the usual location of the ostium an accessor' orifice is located posteriori} 
and below 


accessible m such cases because of the high obstiuctmg 
uncinate piocess which governs the depth of the infundibulum 
Of importance also is the distance between the uncinate and 
bulla, the space commonly known as the hiatus semi-lunans 
This space may be obliteiated by contact of the bulla and 
uncinate, oi it may be as wide as 3 mm When gieatly nar- 
lowed it piesents an obstacle to the leadj passage of a 
canula 

The size of the maxillary ostium vanes fiom a diametei of 
1 mm to a measurement of 17x11 mm Quite fiequentlv the 
ostium occupies the entile mfundibulai legion or most of it, 
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lowei side All of these stiuctuies, which vaiy m then size, 
contoui and lelationship, lie undei covei of the middle tui- 
bmate The membianous poition of the middle meatus lies 
between the doisal extiemity of the uncinate piocess and the 
peipendiculai plate of the palate bone, and between the doisal 
extremity of the uncinate piocess and the ethmoidal bulla 
This has been called the undefended C-shaped legion bj 



rig 1 Semi-diagrammatic showing* the relation of the infundibulum 
and maxillary ostium to the lamina papj racea orbital plate and sur¬ 
rounding structures 


Schaeffei It is in this aiea that the accessoiy ostia aie 
found 

Foi success m the manipulation and mtioduction of a 
canula into the onfice of the maxillaiy sinus, it is important 
to have a knowledge of the maxillaiy opening and its acces- 
soiy ostia, m addition to then lelationship to the stiuctuies 
mentioned above 

The onfice of the maxillaiy sinus is located m the postenoi 
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Fig* 4 Semi-diagrammatic showing \ariety of sires shapes and relative 
positions of the accessor\ ostium 


Fig: 5 Roentgenographic studies made with iodized oil showing ■variety 
passagewa's into maxillarv sinus 

This paper is based upon a senes of 500 consecutive patients 
m whom an attempt was made to nngate the mavillan, sinus 
thiough its natuial onfice In those cases in which the ostium 
could not be enteied, the membianeous portion of the middle 
meatus was dehbeiately punctuied with the same blunt canula 
employed foi entering the ostium The natural onfice was 
enteied in 399, oi 79 8 pei cent, of this senes of 500 cases, 
m 48, oi 9 6 pei cent, the membianeous portion was punctuied 
with the same blunt-ended irrigation canula The total num- 
bei nugated thiough the middle meatus was 447, oi 89 4 
pei cent, of the 500 subjects 

In older to mtioduce a canula thiough the natural opening 
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Fig 3 Semi-diagrammatic shoeing \arlety of maxillary ostia 

so that a canula can be inserted with ease The size of the 
accessoiy onfice vanes fiom a pinhead to 10 5x6 5 mm (see 
Figs 3, 4) 

It is impoitant to know that the position of the maxillary 
ostium may be vertical, honzontal oi oblique When posi¬ 
tioned honzontally oi obliquely, it indicates the beginning of a 
canal or passage which terminates m a vertically placed 
onfice m the medial wall of the maxillaiy sinus (see Fig 5) 
These passageways have been stiessed by Lanoude, Simon, 
Van Alyea, and the authoi (see Fig 6) Simon claimed that 
a canal exists m 90 pei cent oi moie of maxillary sinuses 
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With few exceptions, the tampon can be mseited into the 
legion of the infundibulum, aftei thiee to five minutes it is 
removed and a fine cotton tipped applicatoi, satuiated with 
the same cocaine solution, is placed in the same location 
The cotton-wound applicatoi can be bent so that its distal 
end can be piopeilv placed When the middle meatus is 
anesthetized, an attempt is made to introduce the canula 



Fig: 7 Author f canulae three sires 


The smallest possible canula should be used when the first 
attempt is made to entei the ostium The canula is intro¬ 
duced a few millimeteis behind the anterior end of the middle 
tuibmate with its distal end pointing upwaid When the 
middle meatus is leached, the tip of the mstiument is dnected 
lateially, if a vertically placed ostium exists, the canula w ill 
fall readilv into it (see Fig 7) If the canula stukes the 
lateial wall it is vithdiavn and mtioduced m an inverted 
position In this position the distal end will fall into a hon- 
zontallv oi obliqueh placed onfice One can tell that the 
canula is m the ostium b\ the depth of penetiation of the 
instrument and by the excuision of its distal end, which is 
conti oiled bv the diametei of the onfice If an ostium can¬ 
not be found the membianeous portion of the middle meatus 
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Fig: G RoenterenogTnphlc studies show Inc: (A and B) canula In obllflue 
passape\\a\ (C) passapew a> after instillation of iodized oil 


of the maxillaiy sinus, the middle meatus and the stiuctuies 
tiaveised by the mstiument must be anesthetized To ac¬ 
complish this a small flat tampon is mseited undei the middle 
tuibmate just beyond its antenoi end It is advantageous 
to tie a piece of cotton thiead to the tampon, the distal end 
of which is cut off at the nostnl When anesthesia is com¬ 
plete, the tampon is removed by pulling on the thiead This 
eliminates the necessity of using an mstiument in the middle 
meatus, which sometimes biuises the tissues because of the 
nai rowness of the passage 01 the depth of the position of the 
tampon, also, at times, the tampon is difficult to recovei 
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because of the e\tiemely thick exudate which was expelled 
with difficulty, aftei mfeiioi meatal punctuie Acutely in¬ 
volved sinuses aie nevei nngated, but the exudate in cases 
of subacute 01 even clnonic infections may be quite thick 
Tins, togethei with the piesence of a small ostium, may cause 
slow emptying of the sinus cavity and, at times, some pam, 
but the liiigating fluid will usually be letumed without in¬ 
cident That the ostium is laiely occluded has been pi oven 
by anatomic studies In a study of 600 lateial nasal walls, 
Zuckerkandl found the smallest ostium to be 3 mm m diam- 
etei, while the laigest was 19x5 mm In 200 sections, Oppi- 
kofei found the smallest to be 2 mm in diametei and the 
laigest 17x11 mm Schaeffei and the authoi found the 
smallest to be 1 mm m diametei 

The numbei of otolaiyngologists intei ested m natuial 
oi if ice n ligation has mci eased with the years This is be¬ 
cause they have found the pioceduie simplei and safei m a 
majonty of cases Schaeffei states the leason as follows 
“One must beai in mind that instruments of piecision, and a 
moie highly lefined technique, have come into being of late 
yeais, making successful treatment of an infected maxillaiy 
sinus by way of its natuial apeituie seemingly feasible m a 
relatively laige peicentage of cases” Many have stiessed 
the advantages of lingation through the natuial onfice oi 
through the menrbianous poition of the middle meatus 

Those who object to lingation thiough the natuial opening 
claim theie is difficulty in locating the ostium m a laige 
percentage of cases They assert that the sinus cannot be 
piopeily nngated when the letum flow is partly blocked 
by the canula, and that msti umentation of the ostium mjuies 
and inflames its membianous lining If the anatomy is un¬ 
derstood and the mstiuments piopeily manipulated, these 
objections are not valid 

The objections to mfenoi meatal punctuie have been 
known foi a long time 

The procedure is frequently painful, theie is usuallv some 
bleeding, there is failuie to penetiate ruth a needle oi tiocai 
because of thickened bone 
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is peifoiated by the canula Penetiation thiough the mem¬ 
brane impaits a definite impulse which is leadily lecognized 
In some cases theie is a stieak of blood, m most, theie is 
none, while in otheis theie may be no evidence of tiauma 
The condition of the membiane and its thickness, as well as 
the amount of tiauma, influence the piesence 01 absence of 
blood When difficulty is encounteied m the passage of the 
tube, one may bruise the middle meatal stiuctuies so that 
slight bleeding will occui foi a few houis, 01 foi as much as 
two 01 thiee days The latter is exceptional and should not 
occui if the lhmologist is caieful When the canula is suc¬ 
cessfully mtioduced, theie should be no mjuiy to the tissues, 
noi should theie be bleeding when the canula is withdiawn 

The piesence of pus 01 mucopus m the letumed nligating 
fluid is evidence that the canula is m the antium The patient 
feels the fluid m his sinus, especially ivhen the piessuie of 
the fluid is increased The sound heaid when an is introduced 
into the antium aftei migation, is distinctive 

In this senes of 500 cases, the middle tuibmate was im¬ 
pacted against the lateial wall so that the middle meatus 
could not be entered in 14 instances When the space between 
the lateial aspect of the middle tuibmate and the lateial 
nasal wall is so lestncted, it is bettei to lefiam fiom at¬ 
tempting to pass the canula, one .should lesort to punctuie 
thiough the mfenoi meatus At times a fine canula can be 
passed m an inverted position between the antenor end of 
the tuibmate and the lateial wall, instead of beneath the 
antenor end of the middle tuibmate, as is usually done In 
five cases the middle tuibmate could not be visualized because 
of a badly deviated, oi convex septum 

It was found that patients who had nasal polyps piotiudmg 
fiom the middle meatus piesented an enlarged natuial open¬ 
ing, so that a canula could be passed with lelative ease One 
is also impiessed with the laige numbei of onfices of in¬ 
creased diameter among the cases of chiomc suppuiation of 
the maxillaiy sinus 

yr 

Occlusion of the ostium dunng migation is moie theoietical 
than real Occlusion of the ostium occuned once m this senes 
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The needle 01 tiocai can fall into 01 beneath thick neciotic 
or polypoid membiane and cause an embolism 01 mfiltiation 
and emphysema of the cheek and eyelids 

Phlegmon of the soft paits of the face can occur, fluid 
can be injected into the pteiygomaxillary fossa 

An embolism is a well-established accident of infeiior 
meatal puncture Many deaths have been lecoided 

An attempt was made to entei the natuial opening of the 
maxillaiy sinus in 500 consecutive cases The ostium was 
successfully entered m 399, oi 79 8 pei cent, m 48, oi 9 6 
per cent, the membianous portion of the middle meatus was 
punctuied with the same canula used foi entering the ostium 
A total of 477, oi 89 4 per cent, theiefoie, weie successfully 
tieated through the middle meatal appioach 

Iirigation of the maxillary sinus thiough the middle meatus, 
either by way of the natural opening or by puncture of the 
membranous portion of the middle meatus, is a safe and simple 
piocedure On the basis of my experience it should be lecom- 
mended as the method of choice 
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AMERICAN RHINOLOGIC SOCIETY 
ANNUAL MEETING 

Tlie Amencan Rhmologic Society will hold its fouith annual 
meeting in the Palmei House, Chicago, Octobei 17-18, 1958 

Among the topics to be discussed will be pulmonaiy and 
nasal physiology, laboiatoiy and clinical aspects of bone tians- 
plants, hump lemoval, loof lepau, and nasal piocess col¬ 
lections 

The piehmmaiy piogiam includes the following papeis 
“Maxillaiy and Piemaxillary Appioach to Septal Suigeiy,” 
Di Ralph H Riggs, Shieveport, La , “Olfactoiy Factois in 
Expelimental Neuiosis m Animals,” Di Jules H Masseiman, 
Chicago, “Second Golden Decade of Rhmologic Suigeiy— 
The Advances of the Past 10 Yeais,” Di Haivey C Gundei- 
son, Toledo, “Physiology of Respnation,” Di David Cugell, 
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lective Nasal Suigeiy,” Di Maunce H Cottle, Chicago, 
"Bone Tiansplants, Expenmental and Clinical Aspects,” Vi 
Robert Ray, Chicago, and “Nasal Physiology,” Di living 
Ciamei, Cleveland “Hump Removal, Roof Repan, Nasal 
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tei Loch of Baltimoie will be the modelatoi The participants 
will be Dis Lewis Moirison of Indianapolis, Richaid Hadley 
of Rye, N Y , Chailes Tuckei of Hartfoid, and Joseph West 
of St Louis 

Di Russell I Williams of Cheyenne, piesident of the So¬ 
ciety, will pieside Di Guy L Boyden, piofessoi of oto- 
laiyngology, Univeisity of Oiegon Medical School, Portland, 
will be the guest of honoi 

The piofession is coidially invited to attend as guests 
Tlieie will be no legistiation fee 

Foi fuithei information wnte to Di Robert M Hansen, 
secietaiy of the society, 1735 North Wheelei Avenue, Port¬ 
land 17, Oie 
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Secretary Dr W H Struben J J Viottastraat 1 Amsterdam 

Treasurer Mrs F Velleman Pinto Jac Obrechtstr 66 Amsterdam 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele, Kinston Clinic, Kins ton, N ^ 

Vice-President Dr George E Bradord Winston Salem N C 
Secretary Treasurer Dr J D Stratton, 1012 Kings Drive, Charlotte 7 
N C 
Meeting 
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FEDERACION ARGENTINA, 

DE SOCIEDADES DE OTORRINOLARINGOLOGIA 

Secretary of the Interior Prof Dr Atillo Viale del Carril 
Secretary of Exterior Dr Aldo G- Remorino 
Secretary Treasury Prof. Dr Antonio Carrascosa 
Pro Secretary of the Interior Prof Dr Carlos P Mercandiuo 
Pro Secretary of the Exterior Prof Dr Jaime A. del Sel 
Pro Secretary of the Treasury Dr Jorge Zubizarreta 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M Noubleau, San Salavador 
Secretary-Treasurer Dr Hector R. Silva, Calle Arce No 84, San Salva 
dor, El Salvador, Central America 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Chas C Grace, 145 King St, St. AugUBtine, Fla 
President Elect Dr Jos W Taylor, 706 Franklin SL, Tampa, Fla 
Secretary-Treasurer Dr Carl S McEemore, 1217 Kuhl Ave , Orlando, Fla. 


FOURTH LATIN AMERICAN CONGRESS OF 
OTORINOLARINGOLOGIA 

President Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr William B Steinman 
President-Elect Dr James H Mendel, Jr 
Secretary-Treasurer Dr H Carlton Howard 

Meeting quarterly (March, May, October and December) on the second 
Thursday of the month 6 30 P M at Urmey Hotel, Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 
President Dr Jo Ono, Tokyo, Japan 

Secretary Dr Chevalier L Jackson 3401 N Broad St, Phlladephla 40 
Pa. U S A 

Meeting Seventh International Congress of Bronchoesophagology 
Kyoto Japan, September, 1958 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H. Steele 
President-Elect Dr Dick H Underwood 

Secretary Dr James T Robison, 4620 J C Nichols Parkway Kansas 
City Mo 

Meeting Third Thursday of No\ ember Januar} February and April 

1 CZ P7A 



LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


President Dr Max E Pohlman 
Secretary Treasurer Dr Wendell C Irvine 
Chairman of Ophthalmologj Section Dr Carroll A. McCoy 
Secretarj of Ophthalmology Section Dr Philip D Shanedling 
Chairman of Otolaryngologv Section Dr Robert W Godwin 
Secretary of Otolaryngology Section Dr Francis 0 N Morris 
Place Los Angeles Countv Medical Association Bldg, 1925 Wilshire 
Blvd , Los Angeles Calif 

Time 6 30 P M last Monday of each month from September to June, 
inclusive—Otolaryngology Section 6 30, first Thursday of each month 
from September to June, inclusive—Ophthalmologv Section 


LOUISIANA MISSISSIPPI OPHTHALMOLOGICAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr Fred D Hollowell, Lamar Life Bldg, Jackson, Miss 
Secretary Dr Edlei H Jones, 1301 Washington SL Vicksburg, Miss 
Meeting Edgewater Gulf Hotel Edgewater Park Miss Mav 15 16 1959 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary-Treasurer Dr Roland H Myers, 1720 Exchange Bldg, Mem 
phis, Tenn. 

Assistant Secretary Treasurer Dr William F Murrah, Jr, Exchange 
Bldg, Memphis, Tenn 

Meeting Second Tuesday in each month at 8 00 p m. at Memphis Eye, 
Nose and Throat Hospital 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoIde, Mexico, D F 
Vice-President Dr M Gonzales Ulloa, Mexico, D F 
Secretary Dr Juan De Dios Peza, Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow Princeton, Mo 

Secretary Treasurer Dr Harold Swanberg Quincy HI 

Assistant Secretary Treasurer Dr Jacob E Reisch Springfield Ill 

NETHERLANDS SOCIETY OF OTORHINOLARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundlge Vereeniglng ) 

President Dr H. Navis Sonsbeekweg 6 Arnhem 

Secretary Dr W E Struben J J Vlottastraat 1 Amsterdam. 

Treasurer Mrs F Velleman Pinto, Jac Obrechtstr 66 Amsterdam. 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele Kinston Clinic Kinston, N v 
' Ice-President Dr George E Bradord Winston Salem N C 
Secretary Treasurer Dr J D Stratton, 1012 Kings Drive, Charlotte 7 
N C 
Meeting 
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NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 

President Mr G L Thompson, 16 Ramshill Hoad, Scarborough, York 
store 

Vice-President Mr J H Otty, Frizley Old Hall, Frizinghall Road, 
Bradford, Yorkshire 

Secretary and Treasurer Mr R Thomas, 27 High Petergate, York, 
Yorkshire 

OREGON ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr David D DeWeese, 1216 S W Yamhill SL, Portland 6, 
Oie 

Secretary Treasurer Dr Paul B Mjeis, 223 Medical Dental Bldg, 
Portland 6, Ore 

Meeting Fourth Tuesday of each month from September tkiough Maj, 
Henr} Thiele Restaurant 23rd and W Burnside, Portland, Ore 

OTOSCLEROSIS STUDY GROUP 

President Dr L R Boies, University Hospital, Minneapolis, Minn 

Secretary Treasurer Dr Arthur L Juers, 611 Brown Bldg, Louisville, 
Ky 

Meeting Palmer House, Chicago, Ill 


PACIFIC COAST OTO-OPHTHALMOLOGICAL SOCIETY 
President H Leroy Goss, M D, 620 Cobh Bldg, Seattle 1, Washington, 
Secretary-Treasurer Homer E Smith, M D, 508 East South Temple, 
Salt Lake City, Utah. 

Meeting 

PAN AMERICAN ASSOCIATION OF OTO RHINO-LARYNGOLOGY 
AND BRONCHO-ESOPHAGOLOGY 
President Dr Jose Gros, Havana, Cuba 

Executive Secretary Dr Chevalier L Jackson, 3401 N Broad St, Phila 
delphia 40, Pa., V S A. 

Meeting Sixth Pan American Congress oil Oto Rhino-Laryngology and 
Broncho-Esophagology 
Time and Place Brazil, 1958 

PHILADELPHIA LARYNGOLOGICAL SOCIETY 
President Dr Chevalier L. Jackson 

Vice-President Dr John J O’Keefe 
Treasurer Dr Joseph P Atkins 

Secretary Dr Louis E Silcox 

Historian Dr Herman B Cohen 

Executive Committee Dr Harry P Schenck, Dr , Benjamin H Shuster, 
Dr William A Lell, Dr , William J Hitschler 

PITTSBURGH OTOLOG1CAL SOCIETY 
President Dr Bernard L Sllverblatt, 3500 Fifth Avenue, Pittsburgh Pa 
Vice-President Dr Emory A. Rittenhouse, 203 Masonic Bldg McKees 
port Pa. 

Secretary Treasurer Dr John T Dickinson Mercy Hospital, Pittsburgh 
19, Pa. 

PORTUGUESE OTORHINOLARYNGOLICAL SOCIETY 
President Dr Albert Luis de Mendonca 

Secretary Dr Antonio da Costa Quinta, AvenJda, de Liberdale 65 1* 
Lisbon 
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PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 
President Dr Clifton E Benson, Bremerton, Wash. 

President Elect Dr Carl D F Jensen Seattle Wash 
Secretary Dr Willard F Goff, 1215 Fourth Are Seattle, Wash 

RESEARCH STUDY CLUB OF LOS ANGELES, INC 
Chairman Dr Orrie E Ghrist, 210 X Central Are Glendale, Calif 
Treasurer Dr Norman Jesberg, 500 So Lucas Ave , Los Angeles 17, Calif 
Otolaryngology Dr Russell M. Decker, 65 N Madison Ave Pasadena 
1 Calif. 

Ophthalmology Dr Warren A. Wilson 1930 Wilshire Blvd., Los An 
geles 57, Calif 

Mid Winter Clinical Convention annually the last two weeks in January 
at Los Angeles Calif 

SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA. 

Chairman Dr J L Levine. 

Vice-Chairman Dr Russell Page. 

Secretary Dr James J McFarland. 

Treasurer Dr Edward M. O'Brien. 

Meetings are held the second Tuesday of September November Januarv 
March and May at 6 30 PM. 

Place Army and Naw Club Washington D C 

SCOTTISH OTOLARYNGOLOGICAL SOCIETY 
President E A. M Connal 1 Royal Crescent Glasgow C 3 Scotland. 
Secretary-Treasurer Dr J F Birrell 14 Morav Place Edinburgh. 
Assistant Secretarv Dr H D Brown Kellv 11 Sandvford Place Glas 
gow 


SOCIEDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLARINGOLOGIA (BOGOTA, COLUMBIA) 
Presidente Dr Alfonso Tribin P 
Secretario Dr Felix E. Lozano 
Tesorero Dr Mario Arenas A. 


SOCIEDAD CUBANA DE OTO LARINGOLOGIA 
President Dr Reinaldo de VUliers 
Vice-President Dr Jorge de CArdenas 
Secretary Dr Pablo Hernandez 

SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA. 
Presidente Dr Frank Canosa Lorenzo 
Vice-Presidente Dr Julio Sanguily 
Secretario Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 

SOCIEDAD DE OTORRINOLARINGOLOGIA Y 
BRONCOESOFAGOSCOPIA DE CORDOBA 
Presidente Dr Aldo Remorino 
Vice-Presidente Dr Luis E Olsen 
Secretario Dr Eugenio Romero Diaz 
Tesorero Dr Juan Manuel Pradales 

Vocales Dr Osvaido Sufirez Dr Nondier Asis R., Dr Jorge BergaUo 
Tofre 
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SOCIEDAD DE OTO-RINO LARINGOLOGIA, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Salvador Mixco Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M 


SOCIEDAD ESPANOLA DE OTORRINOLARINGOLOGIA 

Presidente Dr D Adolfo Hinojar Pons 
Vlce-Presldente Dr D Jose Perez Mateos 
Secretario General Dr D Francisco Marafifis 
Tesorero Dr D Ernesto Alonso Ferrer 


SOCIEDAD MEXICANA DE OTORRINOLARINGOLOGIA 
Havre 7—Desp 62 
Mexico 6, D F 

President Di Rafael Giorgana 
Secretarj Dr Carlos Valenzuela 
Tieasurer Dr Benito Madaiiaga 
Fiist Vocal Dr Rafael Gonz&lez 
Second Vocal Dr Juan Oberliausei 


SOCIEDAD NACIONAL DE CIRUGIA OF CUBA 

Presidente Dr Reinaldo de Villers 

Vice Presidente Dr Cfiaar Cabrera Calderln 

Secretario Dr Josd Xirau 

Tesorero Dr Alfredo M Petit 

Vocal Dr Job6 Gross 

Vocal Dr Pedro Hernfindez Gonzalo 

SOCIEDAD OTO RINO-LARINGOLOGIA DE LOS 
HOSPITALES DE MADRID 

Presidente Dr Don Fernando BeltrSn Castillo 
Secretario General Dr Don Alfonso VasBallo de Mumbert 
Tesorero Dr Don Rafael Garcia Tapia 

SOCIEDAD VENEZOLANA DE OTORRINOLARINGOLOGIA 

Piesldente Di Gabriel Bricefio Romero 
Vice-Piesidente Di Sihestre Rincbn Fuenma'vor 
Secretario Geneial Di Oscar Bustamante Miranda 
Tesoiero Dr Arturo Marreio Gdmez _ 

Vocales Di Miguel Octavio Russa Dr Benjamin Bricefio Oscar Gon 
zalez Castillo 


SOCIEDADE DE OFTALMOLOGIA E OTORRINOLARINGOLOGIA DO 
RIO GRANDE DO SUL 

President Dr Paulo Fernando Esteves 

Vice-President Dr Jayme Schilling 
First Secretary Dr Carlos Buede 
Second Secretary Dr MoizSs Sabani 
First Treasurer Dr Israel Schertnan 
Second Treasurer Dr Rivadiivia C Meyer 
Librarian Dr Carlos M Carrion 
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SOCIEDAD PANAMENA DE OTORRINOLARINGOLOGIA 

Presidente Dr Manuel Preclado 

First Vice-Presidente Dr Alonso Roy 

Second Vice-Presidente Dr Carlos Arango Carbone 

Secretario Dr Marla Esther Villalaz 

Tesorero Dr Rambn Crespo 

SOCIEDADE PORTUGUESA DE OTORRINOLARINGOLOGIA 

E DE 

BRONCO ESOFAGOLOGIA 

Presidente Dr Alberto Luis De Mendonca. 

Vice-Presidente Dr Jaime de Magalhaes 
L° Secretario Dr Antonio da Costa Quinta. 

2 • Secretario Dr Albano Coelho 

Tesourelro Dr Jose Antonio de Campos Henriques 

Vogais Dr Teofilo Esqui\ eL 

Dr Antonio Cancels de Amorim. 

Sede Avenida da Liberdade, 65, 1* Lisboa 

SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President LL Col Stanlev H Bear, USAF (MC) LSAF Hospital Max 
well (Air University) Maxwell Air Force Base Ala 
Secretary Treasurer Capt Maurice Schiff MC, USX U S Xaval Hos 
pital Oakland Calif 

Meeting October 1-1 195S, Palmer House Chicago Ill 

SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette, Orangeburg, S C 
Vice-President Dr Robert P Jeanes Easley, S C 
Secretary Treasurer Dr Roderick Macdonald 333 East Main SL Rock 
Hill S Car 
Meeting 


SOUTHERN MEDICAL ASSOCIATION, 

SECTION ON OPHTHALMOLOGY AND OTOLARYNGOLOGY 

Chairman Dr V Eugene Holcombe Charleston W Va. 

Chairman Elect Dr G Slaughter Fitz-Hugh Charlottesville, Va 
Vice-Chairman Dr George M Haik, New Orleans La 
Secretary Dr Mercer G Lynch New Orleans La 

VIRGINIA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Benjamin Sheppard 301 Medical Arts Building, Rich 
mond Virginia. 

President Elect Dr Emanuel U Wallerstein Professional Building 
Richmond Virginia 

Vice-President Dr Calvin T Burton Medical Arts Building Roanoke 
Virginia 

Secretary-Treasurer Dr Maynard P Smith 600 Professional Building 
Richmond Virginia. 

Meeting 

WEST VIRGINIA ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James K. Stewart Wheeling W Va 
Secretary-Treasurer Dr Frederick C Reel Charleston W Va. 

Annual Meeting 
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NOTICE TO CONTRIBUTORS 


The Laeyngoscope reserves the right of exclusive publication 
of all articles submitted This does not pieclude their publication 
m Transactions of various Societies 

Manuscripts should be typewritten, double spaced, on one side 
of papei only and with sufficient margins to allow for corrections 

Author’s name and city should appear dnectly under title on 
fust page, stieet address at end of article 

All prints 01 photographs to be submitted m black and white, 
in good sharp contrast Good halftones depend upon clear photo¬ 
graphs Line diawmgs for zincs to be in black and white Colored 
inks or led oi blue quadrille rulings will not reproduce 

References should be complete author’s surname, initials, 
title of article, Journal, volume, page, month, year 

Six illustrations will be furnished for each article without cost 
to authoi Authois will please limit illustrations to six or assume 
the expense of additional illustrations 

Proofs will be submitted to authors foi corrections If these 
are not returned, articles will be published as corrected m this 
office 

Repnnts will be furnished at the following prices 


WITHOUT COVER 



250 

Copies 

500 

Copies 

1000 

Copies 

2000 

Copies 
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$ 19 25 

? 23 00 

8 30 76 
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Eight Pages 

33 50 
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Twelve Pages 

47 00 

60 75 
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131 50 

Sixteen Pages 

61 00 
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98 76 

146 76 

Twenty Pages 

76 00 

96 25 

129 50 

187 25 
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88 75 

112 50 

150 00 

217 25 

Twenty eight Pages 

97 50 

123 25 
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233 50 

Thirty two Pages 

115 00 
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ISO 00 
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311 25 


Express charges will be paid by consignee 
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THE INSTITUTIONS OFFERING EIGHT-NINE MONTHS’ 
COURSE IN BASIC SCIENCE IN OTOLARYNGOLOGY 

LEADING TO 

CERTIFICATION AND HIGHER DEGREES* 


COLLEGE OF MEDICAL EVANGELISTS 

Graduate School of Medicine 
Boyle and Michigan Avenue 
Los Angeles 33, California 


HARVARD MEDICAL SCHOOL 

25 Shattock Street 
Boston 15, Massachusetts 
at Harvard Medical School and 
Manchester Eye and Ear Infirmary 


NORTHWESTERN UNIVERSITY SCHOOL OF MEDICINE 

Evanston, Illinois 


UNIVERSITY OF ILLINOIS COLLEGE OF MEDICINE 

1853 West Polk Street 
Chicago 12, Illinois 


UNIVERSITY OF PENNSYLVANIA 

Graduate School of Medicine 
36th and Pine Streets 
Philadelphia, Pennsylvania 


WASHINGTON UNIVERSITY SCHOOL OF MEDICINE 

Euclid Avenue and Klngshighway 
St Louis 10, Missouri 


TULANE MEDICAL SCHOOL 

1430 Tulane Avenue 
New Orleans 12, Louisiana 
at Tulane Medical School and 
Eye Ear Nose and Throat Hospital 


NEW YORK UNIVERSITY 

Bellevue Medical Center 
Post-Graduate Medical School 
477 First Avenue 
New York 16 New York 

Basic Sciences In Otolaryngology 
September through June 


•Our subscribers are asked to send us information on other institutions 
Eiring such courses 
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COMMENTS ON A FOURTH YEAR OF TRAINING FOR 
CERTIFICATION IN OTOLARYNGOLOGY 

Gordon D Hoople, M D , 

Syiacuse, N Y 

BACKGROUND 

Just ten years ago, the Amencan Boaid of Otolaiyngology, 
following a review of the status of otolaiyngology duimg and 
following IVoild Wai II, decided the tiammg of otolaryn¬ 
gologists needed strengthening It luled that all applicants 
foi certification by the Boaid would be lequued to have tluee 
yeais of lesidency in otolaryngology if they began then tiam- 
mg aftei July 1, 1950 At the tune, theie weie not a few 
who expressed concern about tins mciease m the length of 
tiaming Today, howevei, theie is no thought of a letuin 
to the foimei two yeais There is umveisal acknowledgment 
that this move has been pioductive of gieat benefits to oto¬ 
laryngology 

Ten yeais have passed since the announcement of this 
luhng Duung these yeais, a moie systematic and thoiough 
system of appiaismg the residencies m otolaiyngology m this 
countiy has been established The appiaisal body is known as 
the Residency Review Committee foi Otolaiyngology It has 
succeeded the formei Review Committee of the Amencan 
Boaid, which, when it was m existence, passed judgment on 
lesidencj tiammg piogiams independent of the inspections 
of the Amencan Medical Association and the Amencan Col¬ 
lege of Suigeons When this system was m vogue, theie was 

Editor s Ivote This manuscript received in The Laryngoscope Office and 
accepted for publication Augr 11 1958 
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confusion and inefficiency, and the settlement of any dif- 
feiences between official inspections of the thiee bodies 
(and theie weie some) often took one to two yeais to non 
out The piesent Residency Review Committee, then, has 
thiee coopeiative sponsonng oigamzations the Amencan 
Medical Association, the Amencan College of Surgeons, and 
the Amencan Boaid Theie is equal repiesentation on the 
committee, foui otolaiyngologists from each of the thiee 
paient bodies Each of the parent bodies has agieed to 
accept the judgment of these twelve men on any given lesi- 
dency This means that approval 01 disapproval of a lesidency 
piogiam, once it has been decided by the Residency Review 
Committee, has the simultaneous sanction of the Ameiican 
Medical Association, the American College of Suigeons, and 
the Ameiican Boaid Oidei has come out of the confusion 
The Residency Review Committee is moie efficient, and its 
judgments aie much moie accuiate and leliable These judg¬ 
ments aie the lesult of studied and often lengthy delibeiations 
of twelve senous and dedicated men 

Ovei the past five yeais, the Residency Review Committee 
has processed an intense amount of data on otolaiyngologic 
lesidency piogiams m the United States The Committee 
meets twice a yeai, giving two days to each session No 
othei matteis aie consideied save matenal pertaining to 
lesidency tiaming piogiams in otolaiyngolgy 

Good thinking and sound judgment have been used As a 
lesult of these five yeais of deliberation, duung which time 
the appioval of moie than a few lesidencies has been with- 
diawn (including, unfortunately, some umveisity piogiams), 
a feeling has ansen amongst the membeis of this Committee 
that the 1948 action of the Ameiican Boaid of Otolaryngology, 
good as it was, was not enough It has been felt that addi¬ 
tional lequnements weie necessary to bolstei the tiaming 
of otolaiyngologists This feeling has not been crystallized 
by the Residency Review Committee, foi this is not its func¬ 
tion (Appioximately 50 pel cent of the membeiship of the 
Residency Review Committee is made up of otolaiyngologists 
who aie not dnectois of the Ameiican Boaid of Otolaiyn- 
gology ) A formalization into a legulation can piopeily come 
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only fiom the Amencan Boaid of Otolaryngology Such 
action has been taken by the Boaid, but it should be noted 
that tins action did not anse out of tlun an, noi was it the 
lesult of piessuies by individuals 01 gioups outside of oto- 
laiyngologv It was as a lesult of the combined opinions 
of the men who aie m the best position to know the stiengths 
and the weaknesses of Otolaiyngologic Residencies thioughout 
the countiy, e g , the membeis of the Residency Review Com¬ 
mittee, and the men who see these same stiengths and weak¬ 
nesses manifest m the examination of candidates, t g the 
members of the Boaid 

THE ACTION TAKEN 

At a meeting of the Amencan Boaid of Otolaryngology 
held m Octobei, 1957, m Chicago, the Boaid voted to add an 
additional yeai of tiaming to the tluee-veai tiaming penod 
in otolaiyngolog\ The Boaid made public announcement 
that the additional yeai was to be devoted to stiaight suigical 
tiaming 

At a subsequent meeting held m San Fiancisco m Mav 
1958, the pievious action was modified At this meeting the 
Amencan Boaid of Otolaryngology leaffirmed the lequne- 
ment of a foui-jeai appioved lesidency tiauimg piogiam, 
at least tluee yeais of which shall be m otolaryngology The 
Boaid modified the lequnement of one yeai of gential 
smgeiv The additional yeai of tiaming mav be devoted to 
otolaiyngologv oi to otliei fields, such as suigeiw, medicine, 
pathology, basic sciences, oi leseaich 

SOME SPECIFIC REASONS FOR THE ACTION TAKEN 

1 Duimg the eaih part of this Centuiy, some of the uglit- 
ful functions of otolaryngology w ere lost by default Occupied 
with infections of the smuses and eais, the otolaryngologists 
of the countiv neglected to keep pace with advances made m 
the field of nasal and facial fiactuies, nasal defoimities, and 
regional plastic suigeiy, also, with a few notable exceptions, 
the majoi suigeiv foi malignancies of the smuses, the larynx, 
tongue and m the neck, was not included m the tiaming of 
otolaiyngologists All of this lequues excellent suigical tech- 
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mque and sound suigical judgment, m addition to a knowl¬ 
edge of the physiology and function of the stiuctuies involved 
and an undei standing of the geneial nututional pioblems 
encounteied 

2 In the past five yeais too many of the lesidency pio- 
giams m otolaryngology have giaduated men whose suigical 
lecoid was deficient (It is a lequnement of the Residency 
Review Committee that a piogiam undei leview must submit 
to the committee a list of the opeiations peifoimed in that 
lesidency by the staff and by the lesidents ) The paucity of 
pioceduies m seveial piogiams has been notable In a ma- 
jonty of such instances, otolaiyngology has been but a division 
of the Depaitment of Suigeiy, and these pioceduies weie not 
available to the lesidents m otolaiyngology About 60 pei 
cent of all the lesidency piogiams m otolaiyngology aie undei 
contiol of the Department of Suigeiy m then institutions 
In a goodly pioportion of these, budgets aie insufficient, an 
adequate numbei of hospital beds is not available, and little 
oi no leseaich is m piogiess 

3 The tempo of residency training has slowed Many 
lesidents aie manied, and the end of a day’s woik is often 
5 o’clock, and not 11 oi 12 o’clock at night, as it was m foimei 
days Theie is now moie to teach and less time m which to 
do it 

4 Duung the past ten years, theie has been an mcieasing 
numbei of so-called oncologic suigeons tiamed These sui- 
geons aie supposedly tiamed to handle, suigically, malignan¬ 
cies in any location m the body In the knowledge of yestei- 
yeai, this new specialist might be a boon to medicine, but m 
the light of modem medicine, with the necessity foi knowing 
much about function, as well as anatomy, and with the avail¬ 
ability of diagnostic methods and aimamentana which aie 
best employed by specialists m then use, oncologic examina¬ 
tion, suigeiy and follow-up aie not equal to that which can 
be perfoimed by well-tiamed specialists m local aieas Oto¬ 
laryngologic lesidents must have adequate tiammg in this 
field 

5 Anothei impoitant leason is the action taken by the 
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National Institute of Health A numbei of yeais ago this 
body felt that ophthalmology needed bolsteimg and spent 
some of its eneigies and monies foi bettei tiammg in ophthal¬ 
mology, and the teaching of ophthalmology has impioved 
The National Institute of Health now feels that the teaching 
of otolai yngology needs sti engthenmg, m fact, it is a specialty 
needing help moie than most otheis It is planning to spend 
thousands of dollai s ovei the next ten to twenty yeai s foi the 
tiammg of teacheis and leseaich men m the field of oto- 
lai yngology This is the opinion of a gioup outside of oto¬ 
laryngology This is significant 

6 The most impoitant leason foi an additional yeai of 
tiammg m otolai yngology is the lecent bioadening of the 
field Bettei tiammg is needed so that futuie tiamees will 
have a woikmg knowledge of the many facets of modem 
otolaryngology The scope of otolai yngologic suigeiv nov 
includes pioceduies which aie as complicated and demanding 
as any in the field of suigical endeavoi (Rehabilitation 
seivice foi some of these patients demands a thoiough knowl¬ 
edge of many teclmiques) , but theie is also in this bioad 
field the most delicate suigeiv of all—micioscopic suigeiv of 
the eai A very laige poition of all alleigv falls within the 
scope of otolai yngology A modem otolai vngologist must 
know much about audiology He cannot piactice intelligently 
without this knowledge, yet, this science itself has giown to 
the point wheie studies at the doctoiate level aie lequned 
to encompass its bioad leaches A piactical woikmg knowl¬ 
edge of endoci mology is needed by the modem otolaryngologic 
specialist Reseal ch m all these aieas is expanding signifi¬ 
cantly Fiom what was thought to be a nanovmg specialty 
m the mid-forties, otolaiyngology has giown to become one of 
the bioadest and most inclusive specialties of all This is 
demonstiated when medical students aie adequately exposed 
to it Then lesponse is usually one of amazement at the scope 
of the specialty and the opinion that they develop is at least 
one of lespect, and often this is followed by an active inteiest 


HOW WILL IT WORK’ 

The May, 1958, action of the Boaid of Otolaryngology pui- 
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posely made the extia yeai of tiamrng flexible Suigically 
onented lesidents may spend one yeai of the foui m stiaight 
suigeiy and yet leceive ciedit foi the year Likewise, medi¬ 
cally 01 lented 1 esidents may spend a yeai m medicine 

It may be asked, “Why should any suigeiy be included m 
the tiainmg of one who washes to confine his piactiee to the 
medical aspects of otolaiyngology?” The answei to this is 
that the veiy best internists aie those who attend the suigerj 
pei formed on then patients and know what is done, so they 
can intelligently tieat them m the futuie Medical otolaiyn- 
gologists (they exist, and the good ones should be lespected 
and admned) wall be bettei specialists if they have had some 
suigical expei lence 

Vanous othei combinations aie appioved It is conceivable, 
for instance, that a lesident may take two years of eai, nose 
and thioat tiainmg, spend a yeai m otolaiyngologic leseaich, 
and then take a fouith yeai m otolaiyngology He should 
make a most valuable senioi resident 

If the choice is a yeai of suigeiy, this yeai should be onent- 
ed to the needs of the otolaryngologic lesident Duimg the 
yeai of geneial suigeiy, the individual should leceive tiainmg 
m patient care, which would include study of fluid and electio- 
lyte balance, wound lepan, shock, flaps, grafts, and dietary 
deficiencies of tube fed patients Opeiatmg room experience 
m the areas of mteiest to the otolaiyngologist, namely, neck 
suigeiy, chest suigeiy, neuiological suigeiy, etc, should be 
included In general, it would appeal advisable to place this 
3 r eai of suigeiy between the fust and thud yeais of the 
otolaryngologic lesidency, which will be aftei the lesident 
has some knowledge of what should be gleaned fiom this 
extia yeai This suigical expei lence can be obtained m the 
same hospital m which the sponsoring otolaryngological de¬ 
partment functions 01 m a neighboring institution if it ap¬ 
peals that bettei values can be lealized It is only necessaiy 
that a qualified suigeon be m cliaige of the appioved suigical 
service which is to tiam the otolaiyngologic lesident 

Piobably, many of the otolaiyngologic lesidencies of the 
countiy will make this piogiam a stiaight foui yeais m 
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otolai yngologi Wheie the facilities of a depaitment aie 
such that the matenal, the teacheis, and the aimamentana 
aie available and of good standing, this v ill be the sensible 
anangement 


A LOOK TO THE FUTURE 

The Amencan Boaid of Otolaivngologv has leahzed it must 
make moves which will stiengthen the teaching of otolaryn¬ 
gology With a long look into the futuie it has made the 
piesent lulmg, i e , an extia j r eai of tiaming Otolaivngologv 
has expanded Theie is no denying this Almost suieh, it 
will expand furthei (The bio-acoustics of space tiavel, foi 
instance ) The extia veai of tiaming has been added to 
piepaie lesidents piopeily foi the veiv bioad field now 
emeigmg In the futuie, not even one will piactice the entile 
field, but even one should ha\e tiaming in all lamifications, 
so piopei diagnoses, lefenals, and follomups mil be made 
Only complete tiaming will accomplish this 

Appaiently, theie is a need foi moie otolai vngologists in the 
United States todav One school of thought mav aigue foi 
lowei standaids, so moie piactitioneis mil be pioduced The 
time to mciease standaids is when theie is a need foi addi¬ 
tional woikeis and vlien expansions in scope demand addi¬ 
tional tiaming This is the situation todav and is one of the 
leasons why the change has been made It is believed that 
the lesponse of futuie medical students mil be adequate and 
lewaidmg 

This pioposed veai of additional tiaming has seemed 
startling to some and to otheis, unnecessaiv This is piobablv 
so, because not everyone is familial mth all this backgiound 
matenal which has been available to the members of the 
Boaid What even one should lemembei is that this move 
has been made m view of the facts above outlined It has 
been done m oidei to stiengthen otolaiyngologists and thus, 
to stiengthen otolaivngologv itself, all otliei leasons aie 
subseivient to this 



POSTMORTEM CHANGES AND ARTIFACTS IN HUMAN 
TEMPORAL BONES ■‘■f 

Cesar FernAndez, M D , 

Chicago, Ill 

I INTRODUCTION 

The lecogmtion of autolytic changes m human specimens is 
particulaily important because, as a lule, the tempoial bones 
aie lemoved and fixed some houis aftei death, when autolysis 
is well undei ivay This piocess may have developed to the 
point wheie pathologic change is masked or its lecogmtion 
impeded, fuitheimoie, autolysis and pathologic change often 
aie mteimingled with aitifacts, so that a diffeientiation 
between one and the otheis lemams unceitam To minimize 
these complications, the technique of injecting a fixative into 
the middle eai soon aftei death was developed The lationale 
was that the lound window and piobably the oval window 
aie the mam pathways of the fixative Then, if this was in¬ 
jected into the middle eai soon aftei death theie was a good 
chance to eliminate 01 minimize the autolytic piocess An- 
othei pioceduie based on the same leasonmg was lemoval of 
stapes befoie immeision 

The puipose of the investigation to be descubed heie was 
to compaie the lesults in human temporal bones tieated by 
thiee pioceduies—lemoval of stapes befoie immeision, im¬ 
meision, and eaily fixation by injecting foimalm into the 
middle eai soon aftei death The investigation was concerned 
with the pi eservation of the mnei eai stiuctuies, study of 
patterns of postmortem changes and aitifacts in human tem¬ 
poial bones, and companson with those obseived m guinea 
pigs 1 

•Tills Inv estimation was supported In part bv funds provided under 
Contract No B-1330 with U S Public Health Service bj Contrnct AT 41 
(G67)143 with the School of Aviation Medicine USAF Randolph Field Air 
Force Bnse Texas and b> a grant from the Central Bureau of Kesenrrh 
of the American Otologlcal Society 

fFrom the Division of Otolan ngolog> of The Unlverslt> of Chicago 
editor's Note This manuscript received In The Larj nposcope Office and 
accepted for publication Feb 27 1958 
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II MATERIAL 

The study included 53 human tempoial bones taken fiom 
28 cadaveis which weie kept undei lefugeiation (between 
-11° and 4 4° C) until autopsy The technique foi lemovmg 
human tempoial bones as descubed elsewheie" was used 

Removal of the stapes befoie immeision in fixatne was 
done m tw o specimens Helh’s fluid was used as the fi\ati\ e 
and nitric acid as the decalcifier The immeision pioceduie, 
which consisted of lemoval of tempoial bones and then im¬ 
meision in fixative, was emploied m 25 specimens In this 
gioup Hellos fluid, Zenkei’s solution, oi Heidenham-Susa 
^ere used as fixatives, and mtnc acid, tnchloioacetic acid, 
oi formic acid plus sodium formate, as decalcifieis The 
technique foi injecting fixatne into the middle eai, as de- 
i eloped m the Department of Otolai vngologi of the Univei- 
sitv of Chicago Clinics, was as follows One injection (10 cc ) 
of 10 oi 20 pei cent formalin thiough the tympanic mem- 
biane, as soon as possible aftei death, lemoial of tempoial 
bones at autopsy and immeision m fixative This gioup in¬ 
cluded 26 specimens Fixatnes and decalcifieis as m immei¬ 
sion pioceduie weie employed 

The tempoial bones weie sectioned at 20 micions, and one 
of every ten oi twenty sections stained as descubed elsewheie 3 
with hematoxylm-eosm oi Malloiw’s azan The prepaiations 
weie studied undei legulai light micioscopv 

HI DEFINITIONS 

There aie two txpes of artifact which should be diffei- 
entiated one is pumarv, and is the lesult of interaction be¬ 
tween leagents and membianes, fluids and cell constituents 
In the guinea pig this result was called the noimal micioscopic 
cytoaichitecture of the mnei eai 1 when fixation bv mtiavital 
perfusion of Heidenham-Susa and staining with hematoxrfm- 
eosm weie used 

The noimal micioscopic cytoaichitecture of the liuman mnei 
eai must be defined m teims of the best lesult obtained b\ 
any proceduie Examination of these specimens showed a 
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homogeneous lathei than a gianulai-hke cytoplasm, m almost 
all cell populations of non-neivous tissue Undoubtedly this, 
togethei with some piecipitates and globulai foimation, aie 
signs of postmortem changes Golgi’s appaiatus, centiiole and 
nntochondiia weie absent, as they weie m animal specimens 
In the nucleus, the gianulai-like foimation was also absent, 
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Fig; 1 Good preser\ation of structures with minimum postmortem 
changes From top to bottom Organ of Corti (H-E X255) inaculn saccu- 
laiis (H~E XG25) and macula utriculai i<* (H-E XG25) Fine details of cell 
constituents can be identified 


and the kanosomes baiely diffeientiated The plasmosome 
stained moie piommently than any othei cell constituent 
The cell bodies of Coiti’s ganglion piesented swelling and 
homogenization, while Scaipa’s ganglion Mas bettei pieseived 
Size, shape and position of cells and membianes weie, in 
o-eneial, compaiable to those found m animals Any change 
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m this pictuie, othei than pathologic 01 autolvtic piocesses, 
was called secondarv artifact Foi con\enience, the teim 
artifact has been used heie to mean, unless othei wise speci¬ 
fied, the seeondan artifact 

In the senes of 58 human tempoial bones a wide lanation 
in degiee of pi esei\ ation was found The lesults weie de¬ 
fined in teims of the efficient of the methods m piesemng 



Flg^ - Good preser\ation of structures Left crista and cupula of a 
semicircular canal (H-E X105) in which there is some precipitate around 
the cupula and also o\er the surface of *ensorc epithelium Center cell 
bodies of Corti s ganglion (H-E X700) shoeing edema and hemogenlzatlon 
hut In general nuclei are well preser\ ed Right cell bodies of Scarpa * 
ganglion (H-E X70U1 in which the fine detail* of cell constituent* are 
preserved 


tile mnei eai stiuctuies fiom postmortem changes and arti¬ 
facts Using this entenon, the specimens neie dmded into 
foui categones 1 Good, postmoitem changes and artifacts 
weie at a minimum These specimens weie consideied to 
demonstiate the noraial nncioscopic crtoarchitectuie of tlie 
nrnei eai and the\ Mere the ones to which all otheis weie 
compaied In Figs 1 and 2 the best samples of stiuctuies 
idealh pieserted aie piesented The degiee of piesei\ation 
foi mdmdual specimens, m geneial \aned fiom one stiuctuie 
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homogeneous lathei than a gianulai-hke cytoplasm, m almost 
all cell populations of non-neivous tissue Undoubtedly this, 
togethei with some pieeipitates and globulai foimation, aie 
signs of postmortem changes Golgi’s appaiatus, centnole and 
mitochondna weie absent, as they weie m animal specimens 
In the nucleus, the gianulai-like foimation was also absent, 
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Fig: 1 Good preser\ation of structures u ith minimum postmortem 
changes From top to bottom Organ of Corti (H~E X255) macula saccu- 
lniis (H-E XG25) and macula utricular!** <H E XC25) Fine details of cell 
constituents can be identified 


and the kanosomes baiely diffeientiated The plasmosome 
stained moie piommently than any othei cell constituent 
The cell bodies of Corti’s ganglion piesented swelling and 
homogenization, while Scaipa’s ganglion -was bettei pieseived 
Size shape and position of cells and membianes weie, m 
geneial, compaiable to those found in animals Any change 
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m this pictuie, othei than pathologic 01 autolytic piocesses, 
was called secondary artifact Foi comenience, the term 
ailrfact has been used heie to mean, unless otherwise speci¬ 
fied, the secondary artifact 

In the senes of 53 human tempoial bones a wide lanation 
m degree of piesenation was found The lesults weie de¬ 
fined m teims of the efficiency of the methods m pieserung 



Fig: !! Good preser\ation of structures Left crista and cupula of a 
semicircular canal (H-E XX05) In which there is ^ome precipitate around 
the cupula and also over the surface of ^enson epithelium Center cell 
bodies of Cortl s ganglion (H-E X70P> showlnc edema and hemogenlzatton 
but In general nuclei are well pre*er\ed Right cell bodies of Scarpas 
ganglion (H-E X70O) In which the fine details of cell constituents are 
preserved 


the inner eai structuies fiom postmoitem changes and arti¬ 
facts Using this cntenon, the specimens ueie divided into 
foui categones l Good, postmortem changes and artifacts 
weie at a minimum These specimens veie consideied to 
denionstiate the noimal nucioscopic cytoarchitectui e of the 
mnei ear and the\ were the ones to which all othei s v ei e 
compaied In Figs 1 and 2 the best samples of stiuctuies 
ideallv preserved aie piesented The degiee of piesenation 
for individual specimens, m general \aned fiom one stiuctuie 
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to anothei, the vanation consisted mostly m moie 01 less 
advanced postmortem changes 2 Fan , still moie advanced 
postmortem changes and/oi artifacts Piecipitates and dis¬ 
tortion of cells by swelling and homogenization weie the 
most piormnent featuies, howevei, cell membianes, nucleus 
and geneial cytoaichftectuie weie pieseived, and consequent¬ 
ly the specimens weie useful foi histologic studies S Pool, 
the cells weie so distorted by postmoitem changes and arti¬ 
facts that usefulness of these specimens foi histologic studies 
was questionable The distortion affected the oigan of Coiti 
moie than stiuctuies of vestibulai leceptois Finally U un- 
satisfactoiy, useless foi histologic studies of fine details 

It must be cleaily undeistood that this gioupmg of lesults 
into foui categones was based only on the efficiency of the 
pioceduie foi pieseivmg the limei eai Any specimen, no 
mattei how distorted it is by advanced autolytic piocess 01 
artifacts, can be used foi histologic studies of gioss pathologic 
changes In cases of tumoi, hemonhage, atiophy of cochleai 
and vestibulai neive, infection, and othei conditions the lesion 
can be identified, even though the fine details may be com¬ 
pletely lost In othei cases, such as acoustic tiauma, intoxi¬ 
cation and degeneiative piocesses, the pieseivation of fine 
details is cutical Oui gioupmg was made with this lattei 
type of pathologic change m mind 

Foi convenience, the following definitions aie given In¬ 
jection time was defined as the time between death and in¬ 
jection of foi malm into the middle eai Pie-iefngeiation 
time meant the time between death and tiansfei of cadavei 
to the Pathology Department, as was found m the medical 
lecoid We weie mfoimed that all cadaveis aie put m the 
lefngeiatoi as soon as leceived In a few cases the pie- 
lefugeiation time was questionable because it was too short 
Refugeiation was defined as the time the cadavei lemamed 
m the lefi igeiatoi, and immeision time as the time mteival 
between death and immeision of the specimen m fixative 


IV PRESERVATION AFTER REMOVING THE STAPES 

In one cadavei the pie-iefngeiation time, lefngeiation 
and immeision time weie tluee, eight and 13 houis lespec- 
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tively The stapes was lemoved m both eais, just befoie 
immersion The pieseivation of both tempoial bones was 
classified as fan The Oigan of Corti piesented edema and 
homogenization of cells, piecipitates, and globulai foimation 
In one specimen Reissnei’s membiane collapsed ovei the Oi¬ 
gan of Corti without compiessing it, m the othei, Reissnei’s 
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Fig 3 Fair results obtained b> removing: the stapes before Immersion 
of the specimen in fixatUe HE 6S \ ears cancer of the lung: The Organ 
of Corti (H-E X255) presents edema of cells precipitates and globules but 
cells can still be Identified The macula saccularis (H-E X625) slio" s 
edema of some sensor} cells precipitates and globules between otoconia 
and sensorv epithelium 


membiane was stiaight The sensory epithelium of vestibulai 
leceptors showed the same pattern of postmortem changes 
and similaih, the vestibulai vails collapsed in one specimen 
without compressing the leceptois In Fig 3 the Oigan of 
Corti and a region of macula sacculans aie lllustiated The 
ganglion of Corti shoved swelling and homogenization of cell 
bodies but no ptknosis In Scaipa’s ganglion the granular- 
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Fig 4 T\ pe of results In the Organ of Corti obtained with the Immer¬ 
sion procedure From top to bottom good (Mci))or\ s uznn st ii m 
fair (H-C X255) poor (Mallory s nrnn stain X2 r >5) unsatlsfar tor\ <H~J 
X255) Fair and poor results uert caused mnlnlj bj postinortf m chanffts 
while the unsnt Jsfactor% was due to compression of the Organ of Corti 
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like cytoplasm and constituents of the nucleus weie diffei- 
entiated 

The pioceduie gave lesults vInch weie no bettei than those 
of othei methods It had the disadvantage that stiuctuies 
of middle eai maj be laigely destioved dui mg lemoval of 
stapes, and consequently, the pioceduie is not suitable foi 
these paiticulai studies Investigations with guinea pigs 1 
showed that pieseivation of cochleai stiuctuies was as good 
bv immeision pioceduie alone as it was b\ lemoval of the 
stapes With the lattei, vestibulai stiuctuies weie bettei 
pieseived, but theie was a tendency to pioduce collapse of the 
membianous labyimthme vails 

Recapitulating, the investigation m animals and the study 
of two human tempoial bones indicates that the lemoval of 
the stapes had moie disadvantages than simple immeision 

V PRESERVATION AFTER IMMERSION PROCEDURE 

The histologic pictuie of the cochlea, vestibule and neivous 
elements v ill be descubed and discussed sepalateh 

Cochleai Receptois The lesults weie as follows Good 
in seven, fail m two, pool m five, and unsatisfactoiv m eleven 
The foui types of pieseivation aie lllustiated m Fig 4 Fan 
and poor lesults weie biought about mainlv bv postmortem 
changes, while piepaiations weie judged to be unsatisfactory 
pnmanly because of artifacts 

Diffeient degiees of swelling and homogenization with 01 
without pyknosis chaiacteuzed the pictuie of postmortem 
changes In pool lesults, laige and numeious space foima- 
tions m the Oigan of Coiti weie seen, but we could not decide 
whethei this lepresented edema of cells 01 mtei cellulai spaces 
Piecipitates and globulai foimation ovei sm faces, m Organ of 
Corti and/oi cochleai spaces weie consistent!! obseived 
Companson of these findings with those of expenmental 
animals showed that the chaiactenstic sequence of autohsis 
as a function of time w r as not seen m human as cleailv as in 
animal specimens Fig 5 shows that the piogiess of autohsis 
was dela\ed in human piepaiations The immeision time in 
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Fig 6 Comparison of nutoljtlc changes In the Organ of Cortl ns func¬ 
tion of time in guinea pig and human specimens Immersion procedure 
was used In all these cases The photomicrographs In the left column 
belong to guinea pig specimens immersed in fKnthe 6 10 nnd 20 hours 
after death (from top to bottom) In the right column are the correspond¬ 
ing samples of human specimens Immersed 0 11 nnd IS hours after dentil 
The figure Illustrates that the autontic process was faster in animnl than 
human specimens The difference mat be due primarily to refrigeration 
of human cadaters Mallor> s azan stain was used in these se tlons 
except the middle one in the right column which was stained with H-C 
All photomicrographs X255 


the 25 specimens vaued between foiu and 20 horns In gen- 
eial, the degiee of postmortem change mci eased as this time 
was piolonged Occasionally a specimen fixed a few horns 
aftei death piesented moie advanced autolysis than anothei 
which had been put into fixative many houis latei Dismte- 
giation of cochleai stiuctuies, as seen m latei stages of the 
autolytic piocess in animals, was found only in the stna 
vasculans of one specimen This was a child of 15 months 
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FiS 6 Good preser\atlon of structures in a specimen in which the 
cochlea was broken during dissection of temporal bones B\ mistake the 
specimen remained In decalclfler for about four months From top to 
bottom Organ of CortI (Mallorv's azan stain X255) which presents pre¬ 
cipitates o\ er the surface macula saccularls (H-E X62^> where no post- 
^o r tem changes are detectable and macula utrlcularis (H-E Xb251 in 
t\hlch some sensorv cells present edema and p\ knosls The good preser¬ 
vation of structures might be attributed to facilitation of penetration of 
ntatlve through the broken cochlea however in the opposite ear where 
the cochlea was not broken the same results were obtained Refrigeration 
of cada\er seems to be the main factor in preserving this specimen from 
progress of autolvsls 


with a fiactuie of the base of the skull Immeision time of 
these tempoial bones was 12 houis Dismtegiation of the 
stua vasculans vas similai to that found m animal speci¬ 
mens immeised ten haul’s aftei death 

The leason foi the diffeience in the tiend of postmortem 
changes in human and animal piepaiations was not deal 
We did not find evidence which could be lelated to teimmal 
tempeiatuie of the patient, fixatives, decalcifieis oi othei 
steps in the histologic technique Diffeience m species and 
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Fig 5 Comparison of autol>tic changes In the Organ of Corti as func¬ 
tion of time in guinea pig and human specimens Immersion procedure 
was used in all these cases The photomicrographs in the left column 
belong to guinea pig specimens immersed m fixate e 6 10 and 20 hours 
after death (from top to bottom) In the right column are the correspond¬ 
ing samples of human specimens Immersed G 11 and 18 hours after death 
The figure illustrates that the autol> tic process was faster in animal than 
human specimens The difference mij be due primarlH to refrigeration 
of human cadavers Mallorj s azan stain was used In these se tlons 
except the middle one in the right column which was stained with H-E 
All photomicrographs X255 


the 25 specimens vaned between foui and 20 houis In gen- 
eial, the degiee of postmortem change mcieased as this time 
was piolonged Occasionally a specimen fixed a few houis 
aftei death piesented moie advanced autolysis than anothei 
which had been put into fixative many houis latei Dismte- 
giation of cochleai stiuctuies, as seen m latei stages of the 
autolytic piocess m animals, was found only m the stua 
vasculans of one specimen This was a child of 15 months 
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Fig V Set ernl degrees of compression of the Organ of Corti front 
slight distortion to complete flattening In all cases the tectorial mem¬ 
brane Is reduced to a thin lamina which genernlli appears collapsed oter 
Internal sulcus cells and Organ of Corti The degree of compression is 
reflected also In the limbus which In extreme cases mat be flattened o\ er 
the internal sulcus ns the photomicrograph at the bottom of the figure 
illustrates In all cases the me«othelial cells appear agglutinated to the 
basilar membrane The section at the bottom of figure was stained with 
H-E the others w-ith tlnllort s nzan stain All photomicrographs X255 
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consei vation of cadaveis m 1 efi lgeiation until autopsy seem 
to be the most piobable factois Although lefugeiation de¬ 
lays the autolytic pioeess, the pie-iefugeiation time must be 
consideied, because the cadaveis weie exposed to 100 m tem- 
peiatuie (about 25 5° C) and consequently autolysis pio- 
giessed steadily This time vaned fiom 30 to 170 minutes 
As expected, the best lesults weie found m specimens with 
the shoitest pie-iefugeiation time, but even among these 
theie weie unsatisfactory piepaiations An example which 
may lllustiate the importance of eaily lefugeiation is given m 
Fig 6 This was lemoved fiom a cadavei lefugeiated 30 
minutes aftei death and the tempoial bones immeised in fixa¬ 
tive 14 houis latei The photomiciogiaph shown m Fig 6 is 
of the ear m which the cochlea was bioken duimg dissection 
This tempoial bone was misplaced duung decalcification, 
wheie it lemamed foi about foui months The good lesults 
might have been attubuted to facilitation in penetiation of 
fixative, howevei, the opposite eai, where the cochlea was 
not bioken, and the tempoial bone not misplaced, showed as 
good lesults This suggested that eaily lefugeiation of ca¬ 
daveis is veiy likely of consideiable impoitance in pi eventing 
oi impeding postmoitem change m tempoial bones 

Detachment of tectonal membiane fiom the Oigan of Coiti 
was a consistent finding, but the membiane did not shimk 
as much as in expenmental animals This may be a mattei 
of diffeience m size of this stiuctuie m the two specimens 
Detachment of this membiane fiom the limbus was also ob- 
seived in cases with advanced postmortem changes The 
position of Reissnei’s membiane varied fiom stiaight to com¬ 
plete collapse (see Table I) Artifacts, such as detachment 
of Hensen's fiom Deitei’s cells, space formation m internal 
and/oi external sulcus cells, weie almost absent 

Compiession of the Oigan of Corti accounted foi almost all 
the unsatisfactoiy results This phenomenon was chaiactei- 
lzed by collapse of the stiuctuies to such an extent that cells 
fiequently could not be identified The cytoplasm was dense, 
the nuclei weie pyknotic and cell boideis diffuse The pillais 
of Coiti and cuticulai lamina collapsed so that the tunnel of 
Corti and Nuels' spaces disappeaied As a mle the tectonal 
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othei cases it may be collapsed ovei the Oigan of Corti In 
all the cases mesothelial cells weie agglutinated to the basilai 
membiane Compiession was also visible m the vestibulai 
system wheie the otoconia agglutinated ovei the maculae and 
sometimes the eupulae ovei the custae In these stiuctuies 
the height of sensory epithelium seems to be diminished As 
m the cochlea, the vestibulai labynnth did not piesent pie- 
cipitates and globulai foimation 

The cause of the compiession phenomenon has been the 
centei of seveial theones and debates Accoidmg to Wit- 
maack 46 penlymph is pioduced by a piocess of filtiation, 
while endolymph is formed by a secietory piocess which takes 
place in the stua vasculans, Oigan of Corti, custae, maculae 
and its maigmal epithelium Wittmaack claimed that endo¬ 
lymphatic piessuie must be highei than peiilymphatic, othei - 
vise the aichitectuie of the cochleai duct could not be main¬ 
tained Undei some encumstanees the endolymphatic pies¬ 
suie may be diminished 01 the peiilymphatic piessuie may 
be mcieased In eithei case, Reissnei’s membiane collapses 
ovei the Oigan of Corti, vhich will be affected in varying 
degiee, fiom mild distortion to complete flattening This 
pictuie was called “hypotonic degeneiation” by Wittmaack 
who claimed it is essentially a vital piocess Mygind® stated 
that penlymph is a filtiation product mainly of the vestibulai 
legion of spnal ligament while endolymph is secieted mamlj 
by the stua vesculans Noimally both mechanisms aie m 
balance Mygind found the pictuie descubed as hypotonic 
degeneiation by Wittmaack only m animals fixed by mtia- 
vital perfusion He assumed that because of some caprice 
of nervous mechanism, filtration piedommated ovei secietion 
dui mg perfusion of saline Consequently, Reissnei’s mem¬ 
biane collapsed ovei the Oigan of Corti, causing seveial de- 
giees of compiession He called this picture “endolvmphatic 
compiession” and, like Wittmaack claimed it is a vital pio¬ 
cess Mygind® also stated that in human tempoial bones the 
piocess of autolytic dissolution may induce collapse of the 
Organ of Corti so that it may be confused with the tiue com¬ 
pression as pieviously descubed 

In eithei theory the factor which bungs about the com- 
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membiane was flattened to a thm lamina, which eithei col¬ 
lapsed ovei internal sulcus cells and Oigan of Coiti (most of 
the cases), 01 it was detached from it and agglutinated to 
Reissnei’s membiane 01 the limbus Seveial degiees of com- 
piession weie found, fiom model ate distoition to flattened 
stiuctuies A few examples aie lllustiated m Fig 7 As 
this figuie shows, the limbus also piesented seveial degiees of 



Fig 8 This photomicrograph of the scala media illustrates the neatness 
of the section in a case of compression of tlic Organ of Cortl Notice the 
cleai cut border of epithelium surfaces and absence of precipitates and/or 
globules H-E X120 


flattening The absence of piecipitates and globulai forma¬ 
tion was chaiactenstic, and gave to the sections an aspect of 
neatness (see Fig 8) not found even in the best preserved 
specimens, howevei, using Malloiy’s azan stain and observing 
at high magnification, sometimes a thm layei of agglutinated 
piecipitates could be seen ovei the Oigan of Corti and stua 
vasculans Suiface of the stua vasculans was unusually 
cleai-cut and its flattened epithelium piesented many pyknotic 
nuclei Reissnei’s membiane occasionally was bioken, in 
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othei cases it may be collapsed ovei the Oigan of Coiti In 
all the cases mesothelial cells weie agglutinated to the basilai 
membiane Compiession was also visible m the vestibulai 
system wheie the otoconia agglutinated ovei the maculae and 
sometimes the cupulae ovei the custae In these stiuctuies 
the height of sensoiy epithelium seems to be diminished As 
m the coclilea, the vestibulai labvunth did not piesent pie- 
cipitates and globulai foimation 

The cause of the compiession phenomenon has been the 
center of seveial theones and debates Accoidmg to Wit- 
maack 16 penlymph is pioduced by a piocess of filtiation, 
while endolymph is fonned by a seci etoi y pi ocess which takes 
place m the stua vasculans, Oigan of Corti, custae, maculae 
and its maiginal epithelium Wittmaack claimed that endo- 
lymphatic piessuie must be lnghei than peiilymphatic, othei - 
vase the aichitectuie of the cochleai duct could not be main¬ 
tained Undei some cncumstances the endolymphatic pies¬ 
suie may be diminished 01 the peiilymphatic piessuie may 
be mcieased In eithei case, Reissnei’s membiane collapses 
ovei the Oigan of Corti, which will be affected m varying 
degiee, fiom nnld distortion to complete flattening This 
pictuie was called “hypotonic degeneiation” by Wittmaack, 
who claimed it is essentially a vital piocess Mygmd 6 stated 
that penlymph is a filtiation pioduct mamlv of the vestibulai 
legion of spnal ligament while endolymph is secieted mamlv 
by the stiia vesculans Noimally both mechanisms aie m 
balance Mygmd found the pictuie descubed as hvpotonic 
degeneiation by Wittmaack only m animals fixed by mtia- 
vital pei fusion He assumed that because of some capuce 
of neivous mechanism, filtiation piedommated ovei secietion 
duung perfusion of saline Consequently, Reissnei’s mem¬ 
biane collapsed ovei the Oigan of Corti, causing seveial de- 
giees of compiession He called this pictuie “endolymphatic 
compiession” and, like Wittmaack claimed it is a vital pio¬ 
cess Mygmd 0 also stated that in human tempoial bones the 
piocess of autolytic dissolution may induce collapse of the 
Oigan of Corti so that it may be confused with the tiue com¬ 
pression as previouslv descubed 

In eithei theory the factoi which bungs about the com- 
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membiane was flattened to a thm lamina, which eithei col¬ 
lapsed ovei internal sulcus cells and Oigan of Coiti (most of 
the cases), 01 it was detached fiom it and agglutinated to 
Reissnei’s membiane 01 the limbus Seveial degrees of com- 
piession weie found, fiom moderate distortion to flattened 
stiuctuies A few examples aie lllustiated m Fig 7 As 
this figuie shows, the limbus also piesented seveial degiees of 



Fig S This photomicrograph of the Bcala media illustrates the neatness 
of the flection in a case of compression of the Organ of Cortl Notice the 
clear cut border of epithelium surfaces and absence of precipitates and/or 
globules H-E X120 


flattening The absence of pieeipitates and globulai foima- 
tion was chaiactenstic, and gave to the sections an aspect of 
neatness (see Fig 8) not found even in the best pieseiwed 
specimens, howevei, using Malloi y’s azan stam and obseivmg 
at high magnification, sometimes a thm layei of agglutinated 
pieeipitates could be seen ovei the Oigan of Cort) and stua 
\asculans Suiface of the stua vasculaus was unusually 
deal-cut and its flattened epithelium piesented many pyknotic 
nuclei Reissnei’s membiane occasionally was bioken, m 
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otliei cases it may be collapsed o^i the Oigan of Corti In 
all the cases mesothelial cells veie agglutinated to the basilai 
membiane Compiession was also visible m the vestibulai 
s\stem wheie the otoconia agglutinated ovei the maculae and 
sometimes the cupulae ovei the custae In these stiuctuies 
the height of sensoiv epithelium seems to be diminished As 
m the cochlea, the vestibulai labvnnth did not piesent pie- 
cipitates and globulai foimation 

The cause of the compiession phenomenon has been the 
centei of seveial theones and debates Accoidmg to Wit- 
maack 4 5 penlymph is piodnced bv a piocess of filtiation, 
while endolymph is formed bv a seci etoi v pi ocess w Inch takes 
place m the stua vasculans, Oigan of Corti, custae, maculae 
and its maigmal epithelium Wittmaack claimed that endo¬ 
lymphatic piessuie must be lnghei than pei llvmphatic, other¬ 
wise the aiclutectuie of the cochleai duct could not be main¬ 
tained Undei some cncumstanees the endohmphatic pies¬ 
suie may be diminished 01 the pei llvmphatic piessuie mar 
be mcieased In eitliei case, Reissnei’s membiane collapses 
ovei the Oigan of Corti, which wall be affected m \amng 
degiee, fiom mild distortion to complete flattening This 
pictuie was called “hvpotonic degeneiation” bv Wittmaack, 
who claimed it is essentially a vital piocess Migmd 6 stated 
that penlymph is a filtiation pioduct mainly of the \estibulai 
legion of spnal ligament while endolvmph is secieted mainh 
bv the stna vesculans Noimally both mechanisms aie m 
balance Mygind found the pictuie descnbed as hvpotonic 
degeneiation by Wittmaack onh in ammals fixed by mtia- 
vital peifusion He assumed that because of some capnce 
of nervous mechanism, filtiation piedommated ovei secietion 
dunng perfusion of saline Consequently, Reissnei’s mem¬ 
brane collapsed ovei the Oigan of Coiti, causing seveial de¬ 
grees of compiession He called this pictuie “endolymphatic 
compiession” and, like Wittmaack claimed it is a vital pio¬ 
cess Mygind' also stated that in human temporal bones the 
piocess of autolvtic dissolution may induce collapse of the 
Oigan of Corti so that it may be confused with the tiue com¬ 
piession as pieviouslv descnbed 

In eithei theory the factor which bungs about the com- 
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piession phenomenon m human 01 animal specimens seems 
to be mainly the piessuie applied ovei the Oigan of Corti 
We think, as has been maintained m the past," that the phe¬ 
nomenon of compiession is an artifact The aiguments which 
lead to this conclusion were as follows 

1 Bekesy 8 demonstiated that the tectonal membiane and 
leticulai membiane are stiff plates, furtheimoie, Katsuki 
and Covell 9 also demonstiated that the leticulai membiane 
with attached pillai cells is particulaily lesistant to being 
bioken They stated, “The lathei firm anchoiage of the 
upper ends of the internal and external hail cells m the le¬ 
ticulai membiane and the obviously ngid support of the 
phalangeal cells and pillai cells tend to pioduce a unit that is 
compact and not leadily bioken up” These obseivations 
suggested that a high piessuie, which is not likely to be pio- 
duced m the living state, would be necessaiy to compiess the 
Oigan of Corti It may be aigued that a loss m tuigescence 
of cells, as put forwaid by Wittmaack, 10 might facilitate the 
collapse of the unit But Katsuki and Covell 0 also found that 
the body of hau cells can be teased out of the Oigan of Corti, 
leaving then cuticulai boidei with the haiis and leticulai 
membiane intact Schuknecht 11 lllustiated m a cat with pies- 
bycusis that the fiame formed by internal pillai cells and 
leticulai membiane lemamed in its normal position, even 
though the external pillai cells and hau cells weie absent 
These observations have shown that large changes m sensory 
and supporting stiuctuieg of the Oigan of Corti can take place 
without much altering the fiame woik foimed by leticulai 
membiane and pillai cells This aigument suppoited the 
theoiy that the compiession phenomenon seems to be 1 elated 
to changes which take place duung the histological tieatment 
of tempoial bones 

2 To explain collapse of the limbus (see Fig 7) by a vital 
piocess is still moie difficult The limbus is a compact 
stiuctuie made of thick fibeis, connective tissue cells and 
giound substance and it is widely attached to the spnal 
lamina Studies on piesbycusis 11 and acoustic tiauma 12 have 
shown that the connective tissue cells may disappeai, but the 
fiame foimed by the fibious tissue lemamed as in the noimal 
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animals These investigations shoved that the limbus is 
particulaily lesistant to distortion eien m the piesence of 
degeneiative piocesses Explanation of the collapse of this 
stiuctuie, as seen m human specimens, bv piessuie, degen- 
eiation, 01 anothei mechanism except aitifact, is unsatis¬ 
factory 

3 The absence of piecipitates and/oi globulai foimation is 
veiy difficult to attubute to anv part of a vital piocess In 
the best pieseived human specimen, and m the best animal 
sections piepaied by mtiavital perfusion, 1 some debus ahvajs 
was found ovei the epithelial sui faces 01 m the scalae Tlie 
amount of debus mci eased as autolysis piogiessed 01 when 
pathologic changes weie piesent Foi these leasons and be¬ 
cause the piepaiations with compiession of the oigan of Corti 
aie too neat, we doubt this featuie of the phenomenon can be 
pioduced by a mechanism othei than artifact 

4 Although the mechanism of dilatation of cochleai duct 
in Menieie’s disease leraams unexplained, we mav assume 
that an ovei piessuie piobablv was developed, but the evi¬ 
dence seemed to indicate that this oieipiessuie is not enough 
to pioduce collapse of the Oigan of Corti, tectonal membiane 
and limbus 

The leports on lnstopathologv of Menieie’s disease, 13 wheie 
dilatation of cochleai duct was demonstiated, showed de- 
geneiation of the Oigan of Corti, but not the featuies of com¬ 
piession Day and Lindsav 14 leported a case of Menieie’s 
disease of the light eai m v Inch electiocoagulation of the 
vestibule vas done The histologic study of the tempoial 
bone demonstiated dilatation of cochleai duct and a flat 
Oigan of Corti showing some featuies m common vith the 
compiession phenomenon, as Fig 9 illustiates 

These changes, which seemed to be degeneiatne, aie in¬ 
compatible with function, as shown b> the audiogiam, and 
the question vas laised whethei thev repiesented an artifact 
oi a pathologic change Fig 10 illustiates a case taken fiom 
oui senes, in which theie was dilatation of cochleai duct 
without compiession of the Oigan of Corti and healing loss 
as the audiogiam indicates 
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Fig 9 Organ of Coi tl of a case of Menleies disease which was treated 
b> electrocoagulation of the \cstlbulc Dilatation of cochlear duct was 
found throughout The changes in Organ of Cortf arc incompatible with 
auditor^ function The picture presents the fcatujes of compression and 
the question was raised whether the changes are artifacts or pathologic 
changes H-E XllS (Courtesi Dr J K Undsn}) 


FERNANDEZ HUMAN TEMPORAL BONES 


1603 




64 C 256 C* 1024 C 4096 C 4 9747 

C t28 C 5T2 C 3 2048 C 3 8192 

10 Dilatation of cochlear duct without compression of the Organ 
OH C6 \ ears ruptured aortic aneunsm The photomicrograph 
shows the apical turns (Mallor\ s azan stain N3S) Throughout the cochlea 
no signs of compression were found in spite of pronounced dilatation of 
cochlear duct. Notice that tectorial membrane limbus and Organ of Corti 
retain their shape and also that precipitates and globular formation are 
present The audiogram was taken 20 days before death 
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5 If the ovei pi oduction of penlymphatic fluid 01 diminu¬ 
tion of endolymphatic fluid bungs about the compiession, 
then Reissnei’s membiane should be found collapsed ovei the 
Oigan of Coiti In Table I the position of the membiane foi 
the 53 specimens is piesented Included m Column 1 weie 
all the cases m which the membiane was straight oi deviated 
m one way oi the othei In Column 2 were those m which 
the collapse leached only the limbus, m Column 3, all the 
cases where Reissnei’s membiane touched the Oigan of Corti 
In most of these cases, the collapse was lestiicted m extent 
mainly to the second turn Included m Column 4 weie cases 


TABLE I POSITION OP REISSNER’S MEMBRANE 




1 

2 

3 

4 


No 


Collapsed 

over 

Collapsed 
o\ er Organ 

Not 

Results 

Cases 

Normal 

Limbus 

of Corti 

Classified 

Good 

18 

9 

2 

6 

1 

Fair ~ 

7 

2 

1 

4 


Poor 

Unsatis 

6 

2 

2 

2 


factoij 

22 

4 

2 

13 

3 


m which dilatation of cochleai duct oi majoi distortion of 
the cochlea by artifacts made it impossible to include them 
m the other categones In cases with compiession of the 
Oigan of Coiti (unsatisfactoiy lesults) the tendency of Reiss¬ 
nei’s membiane was to collapse, but the same pictuie also 
was found m cases without compiession, furthermoie, some 
specimens with compiession piesented a stiaight membiane 
Evidently, collapse of Reissnei’s membiane can not be used 
as an indication of ovei pi oduction of penlymph oi diminu¬ 
tion of endolymph The theory of Mygmd 0 about the position 
of Reissnei’s membiane and endolymphatic compiession is 
not applicable to human tempoial bones because only post¬ 
mortem immeision is used Since the compiession, as seen in 
human matenal, was similai to that leported by Mygmd m 
animals fixed by mtiavital perfusion, the theory that it was 
bi ought about by pei fusion is questionable 

6 If compiession is i elated to pathology oi othei distuib- 
ances of the mnei eai, then eompanson of the histologic pic- 
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tuie and healing tests maj give some basis foi that 1 elation- 
ship Audiogiams weie available foi 29 eais In some, the 
testing vas done a few davs befoie death, m otheis at vaiv- 
mg mteiwals duimg the veai piecedmg expnation In Table 
II the lesults aie summanzed 

Seven of 15 patients with normal heaung, (see Column 1) 
as determined by the avei aging method, piesented compies- 
sion Because these lesults neie not conelative to function 
(see Fig 11), we believe the compiession phenomenon is an 
artifact It is piobable that some diseases of the mnei eai 
piesent some featuies of compiession, but the relationship 
of the disease to the histologic findings still must be demon- 


TABLE II 

HEARING LOSS AS DETERMINED BY THE AVERAGING METHOD 


Results 

No 

0-10 db 

11-20 db 

21-30 db 

31-40 db 41-50 db 

51-60 db 

Good _ 

_ 10 

5 

2 

1 

2 


Fair ... 

__ 2 

i 



1 


Poor __ 

? 

9 





Unsatisfactory 

15 

7 

4 

2 


2 

Total 

.29 

15 

6 

3 

3 

2 


stiated On the othei hand, ve believe that seveial times 
m the past the compiession phenomenon has not been identi¬ 
fied, oi has been confused with pathologic changes Foi in¬ 
stance, Bunch and Wolff 15 leported thiee cases of degenera¬ 
tion of the Oigan of Corti incompatible with function As fai 
as we can judge fiom the lepioductions, the Oigan of Corti 
piesented the featuies of the compiession phenomenon Smn- 
lailv, Ozaki 10 lllustiated a case of stieptomvcm ototoxiciti 
vInch had all the chaiacteiistics of compression Reissnei’s 
membiane appealed to be absent, piobably it vas bioken 
and agglutinated ovei surfaces of the cochleai duct Oigan 
of Corti and tectonal membiane weie collapsed and the limbus 
presented a model ate flattening No piecipitates noi globulai 
formation could be detected 

7 The suggestion of Mvgind 0 that postmortem changes 
mat induce endolvmphatic compiession m human specimens 
is questionable, since the tiend of autolvtic piocess is just the 
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Flff 11 The figure Illustrates a case of compression of the Organ of 
Cortl In which the changes are Incompatible with auditor} function EG 
47 a ears cancer of the tongue The photomlci ograph (JInlIor\ s stain 
X110) shows all the features of compression The audiogram was taken 
four months before death 
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opposite, u to pioduce piecipitates, globulai foimation and 
disintegration of cells 

8 If conipiession is a vital piocess, then we would expect 
to find it m both tempoial bones lathei than on one side only 
Of the 25 subjects in which both tempoial bones ueie saved, 
compiession was found to be umlateial m 13 and bilateial m 
foui, furtheimoie, umlateial compiession vas accompanied 
m many cases (8 subjects) by good lesults m the opposite 
eai, as Fig 13 illustrates (see legend) 

9 The agglutination of mesothelial cells to the basilai mem- 
biane, found only m cases of compiession, indicates that the 
phenomenon also took place m scala tvmpani This finding, 
and the fact that lound window membiane did not show signs 
of piessuie, suggested that the agglutination of mesothelial 
cells to basilai membiane is i elated moie to histologic tieat- 
ment than to piessuie oi a vital phenomenon 

All these consideiations suggested that compiession phe¬ 
nomenon is not lelated to a vital piocess, as Wittmaack* 5 and 
Mygmd a contended The evidence pointed moie to artifacts 
In the long piocess of histologic piepaiations many eiiois m 
the technique mav be committed, oi the intei action between 
leagents and delicate stiuctuies mav be diffeient fiom those 
expected, and thus maiked changes in the cvtoaichitectuie 
can be pioduced In this senes, theie was no evidence of u hat 
kind of enoi may be committed and no indication as to vheie 
m the histologic teclmique an enoi maA be cntical 

The aiguments suppoited the theory that compiession is an 
artifact Any effoit to piove oi dispiove this theoiv is to be 
desued, because it is of consideiable consequence to know 
whethei the phenomenon is an artifact oi a vital piocess 

Vestibirfcn Receptois Postmortem changes m the restib- 
ulai leceptors paialleled those m the cochlea Swelling and 
pyknosis of sensoiw cells weie the most pionnnent featuies 
In many cases, sensoiv and supporting cells of maigms of 
maculae weie bettei pieseived than the centei This mar be 
due to penetiatmg chaiactenstics of fixatnes Piecipitates 
and globulai foimation weie usuallv found between otoconia 
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and maculae, and also between cupulae and custae Advanced 
postmoitem changes, as seen in latei stages of autolytic pio- 
cess in animals weie laie As pieviously descubed, compies- 
sion phenomenon was also detected m the vestibule, howevei, 
due to the simplicity of the cytoaichitectuie of vestibulai le- 
ceptois, the distortion was model ate lelative to that seen m 
the Oigan of Coiti 

Nein al Elements Ganglion of Scaipa was bettei pieserved 
than the ganglion of Corti, as had been anticipated 1 The 
degiee of postmortem change was not as might have been 
expected, howevei In animals the neuial elements weie the 
fust among all stiuctuies of the mnei eai to show signs of 
autolysis Swelling, homogenization, pyknosis, and finally 
disintegration, was the chaiactenstic pattern In human 
specimens the pictuie was diffeient The cell bodies of 
ganglion of Corti piesented swelling and homogenization, 
pyknosis m a few cases, but no dismtegiation This piobably 
was due to the fact that autolysis was delayed by lefngeia- 
tion of cadaveis In the ganglion of Scaipa the degiee of 
pieseivation as a function of time was such that not much 
diffeience was seen fiom one specimen to anothei Fig 12 
lllustiates the state of both ganglions as a function of time 
Two mam factois seemed to be involved m the good pieseiva¬ 
tion of the ganglion of Scaipa, one was lefugeiation, the 
othei, anatomical anangement Scaipa’s ganglion is m the 
mnei meatus and consequently, leadily exposed to fixative 

VI PRESERVATION AFTER INJECTION OF FIXATIVE IN THE 

MIDDLE EAR 

This gioup included 26 specimens In 14 cases the injection 
time was 15 to 45 minutes, and m 12 cases was 70 to 120 
minutes Pie-iefugeiation, lefugeiation and immeision times 
weie about the same as in immeision piocediue The lesults 
weie classified as 11 good, three fan, one pool and 11 un- 
satisfactoiy 

Cochlea ? Receptois The foui types of pieseivation m the 
Oigan of Coiti aie lllustiated m Fig 13 Compauson with 
the lesult of immeision pioceduie showed that foi eitliei one 
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Fig 12 Autol\tlc chan?«-F In ganglions of Cortl and c carpa as function 
of time found In specimens fixed bv immersion procedure From top to 
bottom on the loft, cell bodies of Cortf s ganglion of specimens immersed 
In flxatiie 7 1X701) 10 CV700) and 20 hours 1X025) edema and hom¬ 

ogenization are the most prominent features the nuclei are preserved 
although some ma> be pyknotfc On the right are the corresponding cell 
bodies of 'carpas ganglion (X625 X700 and X 5 fdi respectit eli ) i n v hich 
the cell constituents are better preserved than In Corti s ganglion All 
the sections from v-hich the photomicrographs -car* taken v-e r e stained 
nith H-E 


the degree of preservation was similar (see Fig 4) From 
this point of \iew there was no advantage of one procedure 
or the other, howevei, injection of fixative into the middle 
ear soon aftei death gave a highei pioportion of v ell-pre¬ 
served specimens than was obtained bv immersion alone 
Early fixation helped in preserving the inner ear structures 
from postmortem changes, but refrigeration still seemed to 
be the mam factoi Three observations supported this as¬ 
sumption one, the best results from immeision and injection 
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Fig 13 Preservation of the Organ of Cortl after early fixation by 
Injecting formalin into the middle ear soon after death 1 Good there is 
edema in internal sulcus cells and precipitates 2 Pair notice collapse 
of Reissner s membrane over Organ of Cortl without compression 3 Poor 
edema of cells and intercellular spaces which gi\e a picture of degenerate l 
changes however tlie> are Incompatible with auditory function which was 
within normal iange 4 Unsatisfactory compression of the Organ of 
Cortl 1 and 4 belong to the same subject and the nudloginms taken 12 
days before death ga\ e the same high tone hearing loss on both sides 
Consequents compression shown in 4 was considered an artifact 


pioceduies aie compaiable, two, lesults weie as good when 
injection time was 70 to 120 minutes as when it was 15 to 20 
minutes, thiee, the ganglion of Scaipa, which can not be 
leached by fixative injected m the middle eai, was as well 
pieserved m this gioup as it was m the gioup fixed by im- 
meision only 
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Postmortem changes, swelling and homogenization of cells, 
piecipitates and globulai foimation, weie as desenbed m 
immeision pioceduie 

Nine of 11 cases of unsatisfactory lesults weie caused b\ 
the compiession phenomenon The featuies weie as pievi- 
ouslv desenbed This obsei\ation is in appaient disagieement 
with the theoi\ that compiession is an artifact, because, if 
eailv fixation was accomplished b\ mjection, then the mnei 



FI& 14 Pre*er\atlon of macula saccularis after earl\ fixation b\ in¬ 
jecting formalin into the middle ear soon after death Top left, good 
right fair bottom unsatisfactory result The latter Is due to compression 
in which the epithelium appears flattened the cells p\knotic and otoconia 
agglutinated o\er the macula H-E X625 


cai stiuctuies should not be affected b\ subsequent ti eatment 
The question is whethei one injection of foimalm into the 
middle eai was enough to fix the mnei eai stiuctuies Fiom 
basic punciples of cytology, 1 ’ a piece of soft tissue of no moie 
than 3 mm m thickness lequnes 16 to 24 hours to be fixed 
Providing it is completely, sunounded bv the fluid Accoid- 
mg to this, fixation of mnei eai stiuctuies bv injecting a 
fixative into the middle eai must be incomplete, the amount 
of formalin was small (10 cc ), the time of fixation too short 
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(3 to 14 horns) and the stiuctuies not completely sunounded 
by the fixative (lound window is the mam if not the only 
pathway) Thus, the conditions undei which subsequent tieat- 
ment of tempoial bones was cained out might induce the 
compiession phenomenon 

Vestibular Receptois The degree of postmoitem changes 
and the effect of compiession upon vestibulai stiuctures weie 
of the same oidei as m immeision pioceduie In Fig 14 
seveial stages of pieseivation of maCula sacculans aie lllus- 
tiated Notice the effect of compression, the macula was 
somewhat flattened, and all cells weie pyknotic, while otoconia 
and piecipitates weie agglutinated ovei the epithelium Oc- 

TABLE III PRESERVATION OF INNER EAR STRUCTURES 
As gixen by removal of the stapes before immersion loutine immeision 


and eaih fixation b\ 
death 

injecting foimalin 

into the 

middle 

ear soon after 

Procedure 

Xo 

Good 

Fair 

Poor 

Unsatisfactory 

Stapes removed _ 

_ 2 


2 



Immersion 

_ 25 

7 

2 

5 

11 

Earp fixation 

26 

ii 

3 

i 

11 

Total 

53 

18 

7 

6 

22 


casionally cell detachment and the fust stages of dismtegia- 
tion of the leceptois weie observed 

Neuial Elements As in immeision pioceduie, the elements 
of cell bodies m Scaipa’s ganglion weie diffeientiated, and 
signs of postmortem changes weie minimal m most of the 
cases Coiti’s ganglion piesented the same pattern of piesei¬ 
vation m this gioup as m specimens fixed by immeision 
pioceduie 


VII FINAL OBSERVATIONS 

In Table III the lesults of the senes aie summanzed The 
necessity of impioving on histological technique is evident, 
since about 40 pei cent of the specimens weie unsatisfactoiy 
foi studies of fine details, laigely because of aitifacts 

Both pioceduies, eaily fixation by injecting foimahn into 
the middle eai and loutme immeision, can be impioved One 
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injection of foimalm, 01 othei fixatives, seems to be insuf¬ 
ficient, because a laige amount of fluid must be taken up b\ 
the tissue of middle eai, and piobably some luns out thiough 
the Eustachian tube Injections lepeated at mteivals may be 
piofitable Cadaveis should be lefugeiated as soon as pos¬ 
sible aftex death, and the tempoial bones lemoved immediately 
aftei the cadavei is taken out of the lefugeiatoi 

The conditions undei which subsequent fixation was actual¬ 
ly earned out may mciease the piogiess of postmortem 
changes fust, the wave fiont of the fixative seems to take 
hours to penetiate thiough tympanic membiane, Eustachian 
tube, oval and lound window, and othei nanow pathways 
befoie leaching the mnei eai structuies, second, the fixative 
fluids weie used at 100 m tempeiatuie (about 25 5° C), and 
when the specimens weie immeised in it heat piobablv 
leached the mnei eai ahead of the fixative The end lesult 
was, most piobably, an mciease in the piogiess of autolysis 
Consequently, subsequent fixation at low tempeiatuie (4° C) 
is a possibility which we aie now investigating 

Fiom the lesults obtained in guinea pigs 1 with postmortem 
perfusion, it was appaient that bettei fixation would be pos¬ 
sible if this method weie employed to pieseive human speci¬ 
mens Since cadaveis can not be perfused, a technique is 
now being developed to perfuse the tempoial bones thiough 
the internal auditory artery as soon as the specimens aie 
l emoved 


SUMMARY 

The puipose of this investigation was to study the piesei- 
vation of human tempoial bones fiom postmortem changes 
and artifacts A study of 53 specimens was made Tlnee 
histologic techniques weie compaied lemoval of stapes be¬ 
foie immeision (two eais), loutme immersion (25 eais) and 
injection of fixative into the middle eai soon aftei death 
(26 eais) The lesults weie classified as good, fail, pool 
oi unsatisfactory, accoidmg to the efficiency of the tech¬ 
nique m pieseivmg fine cellulai details 

Removal of the stapes pioved to be no moie advantageous 
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than the othei techniques, furtheimoie, it is not suitable 
foi middle eai studies 

Eaily fixation by injecting: foimalm into the middle eai 
soon after death gave a highei piopoition of good lesults than 
was given by immeision pioeeduie Fan and pool lesults 
were mainly due to postmoitem changes, while unsatisfactory 
lesults weie due to artifacts 

Seveial degiees of swelling, homogenization and pyknosis 
of cells, piecipitates, and globulai foimation weie chaiacter- 
lstic of autolytic piocess Disintegration, as seen m expen- 
mental animals, was not found even m specimens immeised 
m fixatives as long as 20 hours aftei death 

Unsatisfactory lesults due to compression phenomenon weie 
obseived m 40 per cent of the specimens included m the series 
Compiession was found as frequently m eaily fixation bv 
injecting foimalm into the middle eai as m the immeision 
pioeeduie 

Seveial suggestions weie made to impiove the cunent 
histologic technique 
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ALUMNI ASSOCIATION OF THE NEW YORK EYE AND 
EAR INFIRMARY 

The Annual Spang Meeting of the Alumni Association of 
the New Yoik Eye and Eai Infirmarv last Apal was so well 
received that it has been decided to expand next \ ear’s meet¬ 
ing, which will take place from Apal 20-23, 1959 

Svmposia and lectuies on Hearing Rehabilitation, Endo- 
scopv, and Ear Suigerj will be conducted It is also planned 
to offer refiesher couises in Mastoid and Fenestiation Sur¬ 
gery and Stapes Mobilization Techniques 

Moie complete mfoimation legaidmg the meeting will 
appeal m a later issue of The Laryngoscope 
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than the othei techniques, furtheimoie, it is not suitable 
foi middle eai studies 

Eaily fixation by injecting foimalin into the middle eai 
soon aftei death gave a highei piopoition of good lesults than 
was given by lmmeision pioceduie Fan and pool lesults 
weie mainly due to postmortem changes, while unsatisfactory 
1 esults wei e due to artifacts 

Seveial degiees of swelling, homogenization and pyknosis 
of cells, piecipitates, and globulai foimation weie chaiactei- 
lstic of autolytic piocess Dismtegiation, as seen m expen- 
mental animals, was not found even m specimens immeised 
m fixatives as long as 20 houis after death 

Unsatisfactoiy lesults due to compression phenomenon weie 
obseived m 40 pel cent of the specimens included m the senes 
Compiession was found as fiequently m eaily fixation by 
injecting foimalm into the middle eai as m the immeision 
pioceduie 

Seveial suggestions weie made to impiove the cunent 
histologic technique 
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TREATMENT OF FRACTURES OF THE FRONTAL 
AND ETHMOID SINUSES * 


Hollie E McHugh, M D, 
Monti ea], Canada 


The tiaumatic disiuption of the fiontal and ethmoid sinuses, 
complicated in seveie cases by duial teais, loss of biam sub¬ 
stance and mtraciamal infections, piesents a pioblem of 
management fox both the neuiosuigeon and the otolaiyn- 
gologist The degiee of involvement of these paianasal si¬ 
nuses following blunt 01 penetiatmg mjunes to the foiehead, 
vanes fiom simple fiactuie lines to giuesome disintegration 
of the whole fiontal aiea of the skull and its base The 
success of any plan of tieatment can best be assessed in 
terms of peimanent lecoveiy, and the pievention of compli¬ 
cations eaily 01 late, such as ceiebiospmal lhinonhoea, mtia- 
ciamal aeiocele, meningitis 01 biam abscess 

PURPOSE 

The puipose of this study is to leview the basic pi maples 
of the neuiosuigical tieatment of head mjunes associated 
with fiactuies of the paianasal sinuses, and to considei the 
aspects of the pioblem which aie of paiticulai mteiest to the 
otolaiyngologist The closest collaboiation “between those 
who woik below and those who woik above the cnbnfoim 
plate” (Canns), will best decide the ultimate fate of the 
patients tieated foi these mjunes 

INCIDENCE 

Lewm, in 1954 lepoited that of 1000 consecutive cases of 
non-missile head mjunes seveie enough to be admitted to 
the hospital, 72 (7 2 pei cent) weie found by ladiological 
examination, oi at autopsy, to have a fiactuie of the paianasal 

•Presented ns Cnndldnte s Tin sin to tlie Ann lit an Lnr\ nM>I'>Mtal Jlhln«> 
loplcnl nnd Otolopicnl sioUels Inc 19S7 

lldltor s Note Tills manuscript rrerhid In Tlie Lar\ »M>at opt Offht nntl 
accepted for publication Jan 27 lass 
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sinuses It is significant that appioximatelj 20 pei cent of 
the 72 cases with seveie fiontal injunes died within 12 horns 
of the mjuiy, and at autopsj the majonty levealed duial 
teais m i elation to the paianasal sinuses It is important 
to note, m less seveie head injunes, that duial defects maj 
occui mto the paianasal sinuses wuth oi without evidence of 
isplacement of bone fiagments, and that such defects con¬ 
stitute a dangei which, in the absence of opeiatne mtei- 
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feience, peisist foi yeais aftei the lnjuiy, if not indefinitely 
(Johnson and Dutt) In all head lnjunes, and m particulai 
fionto-oibital fiactuies Cone, Schoistein and otheis have 
emphasized that the extent and seventy of the deep damage 
is often consideiably m excess of that which the external 
appealance would suggest (see Figs 1, 2, 3) 

All of these cases, theiefoie, demand the most caieful and 
thoiough physical and ladiological examinations The oto- 



Fig- 3 The se^erel\ fractured frontal bone area seen at operation 
Bifrontal scalp flap turned downwards tounrd the face—Case 3 


laryngologist can conti ibute valuable clinical mfoimation 
by meticulous examination of the eais, nasal passages, tui- 
bmates, meatuses and nasophaiynx, foi souices of ceiebio- 
spinal fluid loss oi evidence of infection, and his suigical 
expenence and skill can be utilized in the piopei tieatment 
of the tiaumatized sinuses m coopeiation with the neuio- 
suigeon 

THE MECHANISM OF FRONTAL AND ETHMOID SINUS FRACTURES 

The type of violence that is especially likely to pioduce 
fiactuies of the fiontal and ethmoid sinuses is the head-on 
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riK 4 The X-rat appi uniice of the wkull following opi ration with 
ablation of the rlprlit fiontal alhUH and eMiiti ration of tin. ilt-ht ithmoUl 
slmiM—Cam, 1 


blow (Canns) 01 blunt nijiuy, in contiast to penetiating 
■wounds The ethmoid sinuses may also be involved m cases 
wheie the foice of the blow' is applied mainly to the facial 
bones 

The factois that deteimine the shape of the fiactuie must 
lieie, as elsewheie m the skull, include the si/e and shape of 
the object that inflicts the damage and the foice with winch 
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the skull is stiuck The extent to which the fiontal bone is 
pneumatized must also be an impoitant mechanical detei- 
mraant (Schoistem) 

Fiactuies involving' the fiontal and ethmoid sinuses may 
occui as the lesult of one 01 more of the following mechan¬ 
isms (Schoistem) 

1 A foice which impinges on the supiaorbital aiches will, 
if severe enough, communicate itself to the flooi of the an- 
tenoi fossa and tend to shorten the oibital plate in an anteio- 
posterioi dnection Should its elasticitv be exceeded the bone 
of the antenor fossa will bend upwaids and bieak, following 
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its natural cuivature In this type of diiect mjuiy 01 head-on 
blow, the duia is laceiated by displaced bone fragments, and 
defects aie found both in the fiontal sinuses and the ethmoids, 
fiequently with sepaiation, displacement 01 complete dis- 
appeaiance of the crista galli (Johnson and Dutt) 

2 Fissuied fiactuies may lun eithei m an anteio-postenoi 
dnection, down acioss the postenoi wall of the fiontal sinus 
and oibital loof 01 tiaveise the oibital plate fiom side to side 
They are basal buistmg fiactuies, the lesult of foices stiiking 
the vault of the skull above the level of the base Then dnec- 
tion depends upon the dnection of the injury and foice, and 
not uncommonly they may tiaveise the lamina cubiosa and 
lun into a defect m the ethmoids with an oveilying duial 
teal 

A fissuied fiactuie will be deflected fiom a dnection de- 
teimined by the foices which pioduce it, by nregulanties m 
the thickness of the bone, and will tend to lun mound and 
isolate hillocks 01 blisteis of thickei bone (Johnson and Dutt) 
Fissuie fiactuies tend to run into the neaiby foiamma m 
the loof of the cnbnfoim plate and ethmoid 

3 A thud mechanism may act m conjunction with the two 
just mentioned the depiessed antenoi wall of the fiontal 
sinus, by impinging on the brittle postenoi wall, may bieak 
it ovei a wide aiea, including a portion of the antenoi fossa 
flooi 


TYPES OF FRACTURES AND COMPLICATIONS 

In a study of fractuies of the skull involving the fiontal 
sinus, Teachenoi (1927) was impiessed with “the amazing 
fiequency of mtiaciamal complications fiom this souice, 
and likewise the pleasing success of piompt suigical diamage 
m the pievention of these complications” Calveit (1942) 
m discussing mjunes of the fiontal and ethmoidal sinuses 
stated that "fiactuies of the an sinuses aie moie often pio- 
ductive of giave complications than the liteiatuie on the 
subject would lead one to expect,” Calvert emphasized that 
“the chief hazaid in cases of fiontal oi ethmoidal sinus 



MC HUGH SINUS FRACTURES 


1623 


fiaetuie is laceiation of the duia] bamei and spiead of in¬ 
fection mtiaciamally fiom the nose” 

FRACTURES OF THE FRONTAL SINUSES MAY BE 

1 Simple fissuied 01 comminuted fiactuies of the antenoi 
wall of the sinus with 01 without displacement of bone flag- 



FifT 6 Compound comminuted fractures of the frontal bone w ith in- 
vohement of the anterior and posterior wall of the frontal sinus 


ments Fissuie fiactuies may involve the postenoi wall 
without involvement of the antenoi wall (Teachenoi) 

2 Compound comminuted fiactuies of the antenoi wall 
and flooi of the fiontal sinus with displacement of bone fiag- 
ments into the sinus (see Fig 6) 

3 Seveie compound, comminuted fiactuies with gioss bony 
displacement, duial teais and pulping of biam tissue 

Cushing (1927) pointed out that nuld fiontal mjunes ma\, 
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Fig 7 Radiological appearance of the skull uith rubber tubes through 
the trephine openings Into both frontal sinuses—Case 1 


moie often than suspected, pioduce a fissuied fiactuie of 
the flooi of the antenoi fossa, 01 if not a fiactuie, a diastasis 
of the sutuie between the oibital plates of the fiontal bone 
and the adjacent edge of the ethmoid bone loofing the ethmoid 
plates 

In the flooi of the antenoi fossa, as m the depiessed 
fiactuies of the vault of the skull, the duial teai may not 
always conespond to the fiactuie line, but will be deteimined 
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by the sites and degi ee of fixation of the dui a and its 1 elative 
thickness As it teais, the elastic dui a slides ovei the cortex, 
and a fold is occasionally entiapped m the fiactuie line (John¬ 
son and Dutt) The thin adheient dui a may be penetiated 
by displaced spicules of bone 01 split by distortion accom¬ 
panying a fissuied fiactuie (McKenzie) 



FIs 8 Multiple fractures of the \ ertex and base of skull ith in- 
'ol\ement of all the sinuses on the right side with subarachnoid and 
sub-dural air—Case 2 


It is extiemely laie foi a fissuie fiactuie to cioss the 
ethmoidal loof without pioducmg a defect m the bone and 
a teai m the dui a (Johnson and Dutt) Because the mnei 
penosteum of the cnbnfoim plate is the tlunnest pait of the 
dui a and, moieovei, firmly anchoied bv its extensions thiough 
the bone along the olfactoiy neives, Cainis believes that the 
most dangeious lesion is a fiactuie of the cnbriform plate 
In such cases theie is usuallj an escape of ceiebiospmal fluid 
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fiom the nose, anosmia may occui, and theie is the obvious 
usk of mtzacianial infection 

In fiactuies of the frontal sinuses alone the usk of ceiebio- 
spinal lhmoiihea and mtiaciamal infection is, m the opinion 
of Can ns, not so gieat The dui a stups moie easily fiom 
the bone m this legion and, even if it is torn, theie is less 



Fig <1 Detail of Fig 7 shoeing aeroceles and fissured fractures of 
floor of anterior fossa—Case 2 


likelihood that a ceiebiospmal fluid fistula will immediately 
lesult, because the subaiachnoid spaces on the fiontal pole 
of the biam aie not so laige as on the mfenoi suiface of the 
fiontal lobe The possibility is, theiefoie, gieatei that ovei 
the fiontal pole the defect will be plugged by biam tissue 
(Canns) 

These opinions aie in agieement with Lewis (1928), who 
stated that duial defects into the fiontal sinus, if slight, 
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tended to open the subduial space, but if extensive, com¬ 
municated with mj uied biam Fiactuies involving the eth¬ 
moid legion aie moie likely to open into the laige ceiebio- 
spmal fluid lakes m the basal subaiachnoid space Levns 
believed, theiefoie, that the usk m the fiontal sinus fiactuie 
was laigely one of abscess 01 aeiocele foimation, while in the 
ethmoidal gioup the usk was moie one of meningitis (John¬ 
son and Dutt, Can ns and McKenzie) 

The two unequivocal signs of duial luptuie aie leakage 
of ceiebiospmal fluid fiom the nose and the piesence of an 
mtiaciamal aeiocele (Calvert) Ceiebiospmal lhmoiihea 
may follow any type of fiactuie involving the paianasal 
sinuses vaiymg fiom the finest ciack, just visible on X-iay, 
to extensive comminution and depiession of the whole fiontal 
aiea, but not all paianasal smus fiactuies aie associated 
with ceiebiospmal fluid lhinonhea, even when the ovei- 
Iving duia is tom (Lewin) 

Ceiebiospmal lhmoiihea may occui m the acute stage, 01 
as a delayed complication of a head injury Sti earns of cleai 
fluid maj be seen coming fiom the middle or supenoi mea¬ 
tuses in the nose, 01 on the lateial 01 postenoi wall of the naso¬ 
pharynx, with the aid of the nasophaiyngoscope A sufficient 
quantity can usually be collected foi analysis by piopei posi¬ 
tioning of the patient’s head, so that the fluid flows 01 dups 
fiom the nose Ceiebrospmal fluid can be lecognized by its 
cleai coloiless appeaiance, salty taste, and chemically dif- 
feientiated fiom thin nasal secietions b\ the piesence of 
sugai and the absence of mucm This type of complication 
occui ied in appioximatelv two pei cent of the 1,000 head 
mjuiy cases leported bv Lewm (1954) 

Intiaciamal an and ceiebiospmal lhmoiihea aie fie- 
quently, but not always, associated complications Ail mav 
entei the mtiaciamal cavity thiough tiaumatized sinuses and 
pioduce an aeiocele following sneezing, stiammg oi blowing 
the nose Aeioceles may be single oi multiple, subduial, 
subaiachnoid, ventiiculai oi mtiaceiebial, and ma> occui as 
eaily oi late complications 

Anosmia occuned in appioximately five pei cent of Levin’s 
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leview of 1,000 cases of head mjunes It was a symptom m 
38 pei cent of the cases with associated sinus fiactuies and 
m 78 pei cent of the cases with ceiebiospmal lhmonhea 

The extent of deep damage to the biam substance of the 
fiontal lobes and its lelationship to the duial teais, as seen 
at opeiation, vanes consideiably YVheie theie is bone miss¬ 
ing as a lesult of the fiactuie, the biam may herniate down 
into the defect and latei become fnmly adheient to the bony 
maigms This is seen most fiequently m the ethmoid legion 
(Lewm) The fiactuie line may be enlaiged by a giadual 
erosion of the thm maigms of bone by the pulsating biam, 
similai to the changes in bone in contact with an aneurysm 
In this type of injury the risks of epilepsy as a late complica¬ 
tion aie of consideiable importance 

The piesence of a nasal-intiacianial connection through 
tiaumatized sinuses peimits an easy pathway to the biam 
and meninges foi infection Meningitis may be an eaily oi 
late complication, and biam abscess is moie fiequently a late 
complication, especially m cases wheie the fiactuied sinuses 
weie inadequately tieated at the time of mjuiy 

GENERAL PRINCIPLES OF TREATMENT 

Injunes to the fiontal and ethmoid sinuses fiequently come 
within the domain of both the neuiosuigeon and the otolaiyn- 
gologist, “and tieatment without appreciation of this fact is 
not conducive to the best lesults” (Coleman) The use of 
sulphonamides and penicillin has lessened the usk of intia- 
ciamal infection duimg the acute stages aftei mjuiy, and 
it has also effectively loweied the incidence of post-opeiative 
infection m these cases (Lewm, 1954) 

The basic pi maples of the neuiosuigical tieatment of 
contaminated compound fiactuies of the vertex of the skull, 
with laceiation of the duia and of the biam, aie now stand¬ 
ardized and m geneial use The variations aie those of 
method and timing of operative interference Cone empha¬ 
sized that “fionto-oibital wounds diffei not only fiom wounds 
elsewheie in the body, but also fiom vounds of the vertex 
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■with biam injury, because of the mtiaciamal-mtianasal con¬ 
nections thiough the damaged paianasal sinuses ” 

The basic pi inciples of the lhmologieal tieatment of seveie 
compound comminuted fiactuies of the fiontal and ethmoid 
sinuses aie well established, but the tieatment of the simple 
01 appaiently less serious fiactuies of these stiuctuies is not 
so well standaidized The tieatment of the vanous types of 
fionto-ethmoidal fiactuies Mill be consideied as follows 

1 Simple undisplaced fiactuies of this aiea may lequue 
no tieatment (Woik, 1954) It has been pointed out, how¬ 
ever, that fissuie fiactuies of the postenoi wall of the fiontal 
smus may be associated with duial defects, and that such 
defects constitute a dangei of mtiaciamal infection that pei- 
sists foi years aftei the injury Although the tieatment of 
simple fiactuies of the fiontal sinuses mav be conseivative 
if no infection is piesent, fiactuies involving chiomcallv in¬ 
fected sinuses demand piompt and appiopnate action to pie- 
vent senous complications Can ns stated, howevei, that “the 
mfiequency of overt sinusitis aftei injury suggests that 
mtiaciamal infection can occui, indeed usually does occui 
thiough sinuses that aie not inflamed” see Calveit, 1942) 

Schorstem (1944) commented “at the piesent time a 
certain amount of conti oveisy exists as to the need foi ladical 
opeiation m those fiontal sinuses nheie the postenoi wall 
has been bioken without a laceiation of the oveilvmg skill” 
He added that some advocate immediate and ladical opeiation, 
and otlieis a watching pohcv 

Teachenoi (1927) advocated piompt suigical diamage of 
every case of fiactuied fiontal sinus duimg the acute stage, 
whethei tlieie was leakage of ceiebiospmal fluid oi not, be¬ 
cause "an and infection foiced into the fiontal sinus fiom 
the nasal cavity dui mg sneezing oi stiammg aie important 
factois m the production of complications” In fissuied oi 
undisplaced comminuted fiactuies of the postenoi vail of 
the frontal smus, a simple tiephme opening can be made, 
with a bui m the undei suiface of the medial end of the 
supenoi oibital ndge, thiough a small incision just below 
the ejebiow This permits inspection of the contents of the 
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smus and of the appealance of the mucous membiane A 
soft rubbei cathetei 01 polyethelene tube can be sewn into 
place, thus permitting daily gentle migation of the sinus with 
bacitiacm 01 neomycin m solution The puipose of such a 
tiephme is to pi event infection, 01 an, passing thiough the 
sinus into the mtiaciamal cavity This method of fiontal 
smus decompression has been advocated by Cone foi many 
yeais, and it has been used m selected cases of less seveie 
fiactuies of the fiontal smus with success (see Cases 1 and 
2) The diainage tube is left m place until the patency of 
the nasofiontal duct is le-esabhshed and the instilled solution 
passes fieely into the nose 

2 In compound comminuted fiactuies of the antenoi wall 
and flooi of the fiontal smus, the initial debudement may 
consist of lemovmg bone fiagments, piovidmg closuie of the 
skm can be accomplished and the patency of the nasofiontal 
duct can be established and maintained Patency can be 
accomplished satisfactory by an external ethmoidectomy 
and the use of an aciylic dilatoi (Woik, 1954) 

3 If the mjuiy is moie extensive and theie is comminution 
and compounding of both the antenoi and posteiioi walls of 
the fiontal sinuses and fiactuies of the ethmoids, ablation 
of the fiontals and exenteiation of one oi both the ethmoids 
is the pioceduie of choice (Woik) If theie are duial laceia- 
tions and evidence of loss of biam substance the suigical 
tieatment should be earned out completely and finally at 
the fust opeiation, as eaily as possible aftei the injury, by 
the neuiosuigeon and otolaiyngologist This concept of 
pnmaiy tieatment was stiongly advocated by Cone, Stewait 
and Botteiell 

In seveie compound, comminuted fiactuies of the fionto- 
oibital legion, with shattenng of the paianasal sinuses, teai- 
ing of the duia and laceiation, contusion and pulping of the 
biam, Cone lemoves all of the fiontal bone which contains 
fiontal smus The oibital plates aie taken away, the glabella 
lemoved, and the oibital fascia is exposed back to the optic 
foiamen and lessei wing of the sphenoid The lemoval of the 
ethmoid fiom above is almost complete, including the pel- 
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pendiculai plates, lamina cubiosa, the custa galh and the os 
planum The middle and supeuoi tuibmated piocesses come 
away with the mnei wall of the lateial mass The lemoval 
is earned back to the sphenoid legion The duia is thus 
exposed widely, the opening in it can be enlaiged 01 new 
incisions can be made to peimit debudement of the damaged 



Fig 10 Note the verv se\ere destruction of the bones of the anterior 
part of the skull and disorganization of the frontal and ethmoid sinuses— 
Case 5 


biain The nev vault of the nasophaivnx is the duia and at 
the sides the oibital fascia The completely fiee diamage 
into the nasopharynx and the piotection of the duia bv pack¬ 
ing until all defects aie healed, are important factors in this 
overall method of tieatment (Cone) (see Figs 10, 11, 12, 13) 
A senes of five cases of head mjurj with fiactunng of 
the fiontal and ethmoid sinuses, and in some cases all of the 
sinuses, is heiewith piesented with comments on the type 
and success of tieatment employed 
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Cast 1 Miss L L, age 22 This patient was admitted to Montieal 
Neurological Institute June 20 1942 tlnee houis aftei she had fallen 
from her bicycle and stiuch liei head against a cement abutment She 
suffered momentam unconsciousness a laceiation 4 cm long abo\e 
the lateial half of the left ejebiow abiasions about the left eie face and 
side of the neck Theie was bleeding fiom the nose but no definite 
ceiebiospinal fluid lhinoirliea 

-ST lays i evealed fiactuies of the left radius and ulna and multiple 
fractuies of the left z>goma left anti urn, ethmoid, fiontal and possiblt 



Fig 11 After surgical remotal of the grossH fragmented anterior 
wall of the skull—Case 5 


the sphenoid sinuses with no bony displacement in nnj of these regions 
There was a fracture imohing the lateral portion of the anteiioi wall 
of the left fiontal sinus and there was possible involtement of the 
posterior wall with no displacement Lineai fissuie fractures were seen 
in the floor and loof of the left orbit and in the lateral wall of the left 
antium All of the paranasal sinuses on the left side and the light 
frontal and ethmoid sinuses were cloud\ 

A cm ological Examination repealed a cerebial concussion with no other 
eiidence of damage to the central nei%ous si stem 

ENT Consultation June JJst No significant findings but in \iew of 
the X rni findings a trephine of both frontal sinuses was lecommended 
to preient if possible serious intracranial complications 
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Operation June 22 1^2 Local anesthesia nupercaine 1 1500 Tie- 
phine of frontal sinuses via an incision one-half inch long in the medial 
end of the eyebrow A Cushing hand operated trephine bur was used to 
open into each frontal sinus The mucous membrane m the right frontal 
sinus i\as thickened pale and polvpoidal The nasofrontal duct was 
blocked b\ one of the polvps hanging down into its orifice This was 
carefulh removed, and the remainder of the mucosa was left untouched 
A firm rubber tube was inserted through the trephine opening into the 
sinus and held in place with dermalon sutures The lining in the left 
side was onl' slighth thickened but was ecchvmotic in appearance The 
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Films taken in 1951 showed no sinus involvement and the finctuies had 
healed No complications have occuned since that time 


COMMENT 

This case lepiesents a multiple uncomplicated lineal fiac- 
tuimg- of the fiontal, ethmoid, maxillaiy and possibly sphe¬ 
noid sinuses, tieated conseivatively with a tiephme of both 
fiontal sinuses to pi event possible complications The naso- 



Fib 13 Seen from abou. All of the fiontal bone which contain# 
fiontal siiuiB and compound comminuted bone fiabinentB hn\c been re- 
mo\ed iLlkcwlflc the oibltal platen and ethmoid hImubch comph teh ix 
enterated The dura of the fiontal lobe is exposed wldel\ Tin new Miult 
of the nasophao n\ Is the dura abou and the orbital fascia at the shlis 


fiontal ducts weie appaiently blocked until the fouitli post- 
opeiative day Theie weie no mtiaciamal complications 
eaily oi late (15 yeais) 

Cost 2 Mr G B age 29 This patient nppnrentlv fell 70 feet fiom a 
tower at 9 00 am on March 19 1957 and was knocked unconscious 

He was flown some 1200 miles to Montreal Neurological Institute the snnn 
da' Theie was marked swelling and ecchvmosls of the e\elids temporal 
z>gomatic and maxlllarv areas on tiie light side with a superficial brush 
bum over the light malar bone He was conscious but irritable and In 
pain There was no hlstoi\ of bleeding from either ear but he had 
vomited a large quantitv of blood presumablv from the hnck of the 
nose and paranasal sinuses 
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Neurological Examination Left abdominal and ciemasteiic iefle\es 
absent Right plantai upgoing to Gordons stimulation, no imohe- 
ment of the cranial nerves 

X rags, SI till and Sinuses Tlieie weie multiple lineal fractures of the 
lateral wall and flooi of the right middle fossa and of the parietal and 
temporal bones and one of these maj in\ol\e the loof of the middle ear 
There was air in the anterior fossa o\ei the fiontal lobes and possibly 
o\er the temporal and panetal lobes on the light side The right 
antrum was completeh dense and both fiontal sinuses weie cloudy 
(see Pigs S 9) 

EX T Consultation March 1') Idol Some swelling of the light ex 
teinal canal Right dium appaientU intact but there appeared to be 
blood and/or spinal fluid in the middle eai space Nose—evidence of 
recent bleeding but no definite eeiebrospmal fluid visible In lieu of 
the X rai findings a bilateral frontal trephine and an endonasal antio 
tom\ were recommended 

Operation— Bilateral Frontal Trephine and Right Endonasal An 
trotomy Geneial anesthesia The mucosa of the left fiontal sinus was 
grossh edematous and ecchimotic in appearance A large fiacture line 
was seen in the roof of the right orbit just posteiior to the orbital edge 
some blood clot in both frontals Soft mbbei catheters weie inserted 
into the frontal sinuses and sewn in place with dermalon sutuies A 
laige endonasal antiotonn was then peiformed on the right side 

Lumbar Puncture Maich 22 1957 Pandt trace piotein ISO mg pei 
cent, sugar GG mgm pei cent chlorides 733 mgm per cent cells 3000 
pohs 300 lymphs Daih lumbai punctuies for one week and weekly 
punctures until April 15th showed giadual retuin to noimal of piotein 
sugar coloi and cell count 

Bacteriology All cerebi ospinal fluid cultures negatne Cultuie of 
nasal swab staphilococcus piogenes 

Course in Hospital Aftei drainage of the fiontal sinuses was secured 
it was felt that there was no need foi a ladical neurosurgical pioceduie 
The sinuses were Irrigated daili with bacitracin and sulpha suspension 
On the dai of admission he developed a high feiei rigiditi of the neck 
and posithe Kernig and Brudzinski signs A diagnosis of acute men 
ingitis was made and vigorous sistemic and intrathecal therapi was 
instituted at once This was followed b\ earh clinical improiement and 
complete return of cerebrospinal fluid findings to normal He was dis 
charged on April 17 1957 on sulphadlazine 05 G tid for two weeks 


COMMENTS 

A case of multiple fiactuies of the vertex and base of the 
skull, with involvement of all the sinuses on the light side, 
with sub-aiachnoid and sub-duial an, and development of 
puiulent meningitis The fiontal sinuses weie genth nli¬ 
gated daily until satisfactory mtianasal diamage was le- 
established This occuned fust on the left side on the sixth 
post-opeiative day and two days latei on the light side 

The mtia-ciamal an mav have enteied via the sphenoids, 
oi via the light fiontal and ethmoid sinuses 
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Case 3 Mr R S , age 50 This patient Mas seriousU injuied in an 
automobile accident April 12, 1950, when his wife dio^e into the back of 
a truck paiked on the highway Thej both sustained serious injuries 
and were taken to the hospital This patient was apparently unconscious 
foi three houis A piece of metal was removed fiom a laceiation on 
the right side of the foiehead and the Mound closed He Mas transferred 
to the Monti eal Neurological Institute on Apiil 15, 1950, foi furthei 
observation and treatment 

Neurological Examination The patient was amnesic aftei the accident 
and for a period of about three days Speech Mas not affected Cranial 
ner\ es m ere intact There m as a laceration over the i ight supra-oi bital 
region, depression of the right supra-oi bital ndge and right malar emi 
nence, bilateral periorbital ecchymosis and maiked right periorbital 
edema (see Fig 1) 

Xiays—Skull Multiple compound comminuted fractures of the skull 
Mith involvement of the paranasal sinuses Multiple transverse curvi 
linear fractuies of the frontal bone mainly toMaid the right side 
multiple faclomaxillarv fissure fractuies involving both oibits and in 
eluding the frontal ethmoid, maxillarv and probabl\ the sphenoid 
sinuses, especiall} on the right side The right frontal right ethmoid 
and the left antrum Meie completed aiiless theie was considerable 
thickening of the lining of the left frontal left ethmoid and right antium 
(see Fig 2) 

ENT Consultation April 15, 1150 Eai drums intact and middle ear 
spaces cleai Nasal septum obstiucting on the left side, mucosa of the 
right middle meatus swollen and ieij moist possible cerebrospinal 
fluid leak, but no streaming seen, possible cerebi ospinal fluid in the 
nasophari n\ ‘ Decision re exenteration of the right f i ontal sinus to be 
made aftei neurosuigeon had exposed the area and lepaired the dural 
teais ” 

Electi o encephalogram April 15, 1150 ‘This EEG suggests the possi 
biliti of severe brain damage in the light frontal legion to a lessei 
extent the left frontal region and to a considerable extent in the left 
anterioi temporal region ” 

Lumbai Puncture April 15 1950 Initial piessuie 80 fluid bloodi 

Operation Apiil 16 1950 Bifiontal craniectomy for debridement and 
repaii of compound depressed skull fracture right fiontal, light ethmoid 
bilateial oi bital exenteration of right frontal and ethmoid sinuses 

Operation Findings Bifrontal scalp Incision tempoial fossa to temporal 
fossa reflected forwaids The fracture lines Meie found as seen in the 
Xiajs but weie much moie extensiveli comminuted and depressed (see 
Fig 3) Th right frontal sinus contained blood and perhaps some brain 
Theie Mas one large and seieral small teais in the dura of the oi bital 
suiface oiei the right frontal lobe Fracturing of the light anterioi 
fossa imoVved the right ethmoid sinuses and the orbital roof ns far 
posteriori^. as the fiee edge of the lesser Ming of the sphenoid Theie 
Mas no subduial hematoma but some cerebral laceiation A number of 
free fragments of bone from the oi bital loof on the left side were com 
minuted and had lacerated the dura 

Gelfoam Impregnated Mith penicillin, streptonnein bacitracfn and 
sulfa ciistals Mas used to fill the spaces betveen bone orbital fascia 
and nasal cailt\, the left frontal sinus Mas trephined and a small 
rubber catheter inserted into the sinus through a stab incision in the 
e\ ebroM 

Post operatne Course—X rags April 21st The oi bital roofs the crlbrl 
form plate and the right lamina prapacei of the ethmoid bone Mere 
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removed and the fragments of bone around the light fiontal region 
adjusted until they are now in quite good position (see Figs 4 5) 

Hay 23 ldoO Patient had a remarkably good recovers (fire weeks) 
There was some periorbital swelling on the right side three weeks post 
operatic eh associated with some infection (staphylococcus pyogenes) in 
and about the right sphenoid sinus and in the nose The new roof of 
the nasopharynx is clean and coyered yvith mucous membrane 

EEG Hay 15th Shoyys residual seyere damage maximum oyer the 
right anterior frontal region 


COMMENT 

This pioceduie vas earned out as an emeigency opeiation 
foui days following extensive compound comminuted skull 
fiactuie Its chief put pose was to close the duial defects and 
pievent mtiaduial septic complications This was accom¬ 
plished m this case with less ladical lemoval and less de- 
foimity than usual 

Case 1, Mr M R age 2G This patient was stiuck by a car and 
knocked unconscious on August I 1942 He y\as semiconscious yvhen 
admitted to the Neurosurgical Sen ice one hour later He had a contused 
area above the root of the nose ecclnmosis with marked syvelling of both 
eve-lids and superficial lacerations and abrasions of the face body and 
extremities He yyas bleeding extensheh from the nose and mouth yvith 
yomiting of blood at times 

Neurological Examination Cranial nerves intact reflexes normal 
cerebral concussion fracture of base of skull and facial bones 

AT rays—Shill and Sinuses Aug 1 1942 Multiple fractures imolving 
the frontal bone ethmoid and nasal bones and both maxillae The 
fracture lines were roughly stellate in the frontal region yvith the point 
of convergence in the outei table immediately overlving the left frontal 
sinus with definite inyolvement of the frontal sinuses on both sides 
The major fracture line in the left frontal bone shoyyed no depiession 
There was however quite marked depression of a circular area invohing 
the frontal sinuses nasal bones and ethmoid bones The right antrum 
was diffusely dense the left antrum relatheh cleai the sphenoids were 
clear the lower orbital margins and the roofs of the antra were in 
volyed on both sides 

EJN T Consultation Ears normal nose some deformity and syyelling 
over the bridge and both sides filled with blood and blood clots Blood 
clots in the nasopharynx throat clear except for postnasal bleeding 

Operation, August 1 1942 Through an incision in the left and right 
eyebrows the anterior and posterior yyalls of the left fiontal sinus yyere 
found to be extensheh comminuted Loose fragments yyere present in the 
posterior wall of both frontal sinuses Both sinuses yyere filled y\ith blood 
and clots The mucous membrane was removed from both frontal 
sinuses The fracture lines were followed back to the posterior ethmoid 
cells and fragments of bone yyere removed from this yyhole area At 
onlv one point yvas the dura opened this was to the left of the crista 
galli Only a slight amount of cerebrospinal fluid y\as seen When the 
debridement was completed a large rubber tube was passed from aboye 
down through the nose The cayity left after removal of the frontal 
sinuses and ethmoid air cells yvas packed yyith gauze soaked in sulfona 
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mide and elphamel ointment mixtuie, a Peniose diain was passed out 
through a seperate stab wound the incision is as then closed carefulls 

On Aug 14th and 24th the original incision ssas leopened, the casits 
inspected, irrigated and le-packed as in the original operation The kaid 
lubber drain ssas removed on Aug 14, and leplaced bv a Penrose drain 
healths gianulations covered the exposed duia, the visible deformity 
ox r er the foiehead ssas minimal 

On Sept 11, 1942, the patient had a generalized seizure 

Enctphalopiam, Sept 12 1942—Shossed a maiked geneial dilatation of 
both lateral ventricles, also the third ventiicle The appearance suggested 
at least partial obliteration of the subaiachnoid space over the surface of 
the tsvo hemispheies The patient has had no furthei complications 
since discharge fi om hospital Sept 29, 1942 

Case S Mr M C age 23 On Nos 25 1949, this patient was stiuck 
on the forehead bs a falling log in a lumbei camp He ssas admitted 
to hospital m an unconscious state svltli a compound comminuted frac 
ture of the frontal bones and sinuses Brain tissue ssas found extruding 
from the laceiations At operation a frontal skin flap ssas turned the 
dura ovei the left frontal svas found torn and the svound filled ssitli bone 
fragments The duia ssas appaiently not sutuied, drains sseie inserted 
and the skin closed On penicillin and stieptomjcin the patient did 
fairlj ssell until he developed an obvious ssound infection He ssas 
tiansferied to the Montreal Neurological Institute on Dec 13, 1949 in a 
state of stupoious confusion ssith a puiulent dischaige from the frontal 
laceiation 

X raps — Shull, Dec 13, 1949 A laige approximately round fragment 
of bone containing the uppei poitions of both frontal sinuses ssas seen 
ljing in the middle of a large frontal bone defect It was bulging out 
ssards about one cm signifying considerable increase in intracianial 
pressure There ssas extreme comminution of the cential portion of the 
floors of both anterioi fossa The cribrifoim plate was maikedls com 
minuted with the medial halves of the oibital plates of the frontal bone 
There svere multiple fractures of the laminae papyracea of the ethmoid 
of the lesser sslngs of the sphenoid of the infeiioi oibital mat gins, and 
of the left side of the skull All of the paianasal sinuses ssere dense 

Electroencephalogram Dec 13 1949 * These findings suggest a diffuse 

destiuctive brain process in both frontal lobes ’ This patient had in 
fected frontal fiactuies xx 1th brain abscess and osteomyelitis 

Operation, Dec 13 1949 Pansinusectomx and debridement of the 
frontal lobe The frontal and ethmoid sinuses yyeie completely remoyed, 
le the loof and medial yy all of the orbits, the supraorbital ridges the 
cribrifoim plate and crista galli (xxhich yyas floating in pus) the superior 
and middle turbinates The ostea of the antra xvere enlaiged and the 
mucous membiane of the antra removed The sphenoid sinuses yyere 
enteied anteriorly and the mucous membrane lemoved, all through this 
intracranial appioach The damaged and infected brain and dura yyas 
then debifded complete duial closuie yyas found to be impossible The 
yxound yvas iirigated yxith sulfa crystals and bacitiacin repeatedly The 
nasal cayity yyas closed off yyith gauze packs soaked in the same solution 
and the frontal cavity packed yyith gelfonm soaked in the same solution 
and poyydered yyith bacitracin, the skin yyas closed yyfth 00000 nylon 
sutures 

Course ni Hospital Despite this extensixe infection of the bone 
sinuses and brain this patient did remarkably xxell, his temperature 
yyas 104 on admission and yyith the aid of penicillin and streptomycin 
yyas 99 in txvo days and it remained doxxn theieafter The nasal packs 
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were removed in two weeks and b\ the end of sis weeks all of the crusts 
and apparenth all of the gelfoam had come awai there was no discharge 
from the nose after three neeks from the time of operation 

Eleten months after the accident the patient had a generalized con 
vulsion In the following IS months he lnd eight to ten attacks and on 
Alarch IT 1952 he was admitted to the Neurosurgical Service for treat 
ment Bilateral meningo cortical scars were lemoved, patient discharged 
improved 


CONCLUSIONS 

The incidence, mechanisms and tjpes of fiactuies of the 
fiontal and ethmoid sinuses oecuinng m head mjuiies, and 
the vanous complications, have been levieved and discussed 
The basic punciples of the lhmological and neuiosuigical 
tieatment of this paiticulai gioup of clinical pioblems hate 
been consideied, and comments have been made on the cases 
piesented to illustiate these punciples Fiom all this data 
certain aspects of the pioblems involved, which aie of pai¬ 
ticulai intei est to the otolai yngologist, have become appaient 

1 The fiequency of complications following even simple 
fissured oi comminuted fiactuies of the fiontal and ethmoid 
sinuses demands lecognition 

2 The external appeal ance of the injuied aiea gives no 
indication of the extent noi of the seventv of damage to the 
undeilying bones, sinuses, duia and biam substance 

3 Because senous mtiaciamal complications may occui 
aftei not only a seveie but appaienth a mmoi head mjuiv, 
when associated with fiactuies of the paianasal sinuses, all 
of these cases deserve the most complete and thoiough physi¬ 
cal and ladiological examinations 

i These cases should be examined, evaluated and tieated 
as soon as possible aftei the injuiv 

5 If theie is definite evidence of duial laceiations and 
damage to the biam substance, it is logical that the suigical 
tieatment should be earned out completely and finally at the 
fust opeiation, by the neuiosuigeon and otolai yngologist 
woihing m close coopeiation The collaboiation of these tyyo 
specialties will best decide the ultimate fate of the patients 
tieated foi these senous mjlines 
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PROBLEMS IN THE DIAGNOSIS OF PHARYNGEAL 

PARESIS * 

John A Kirchnek, M D , 

New Haven, Conn 


Within the nailon confines of the hjpopharvnx, an aiea 
compnsmg the pynfoim sinuses and postcricoid aiea, one 
may encountei a suipusmglv laige vanetv of disoideis pio- 
ducmg symptoms Mech anical obstiuction by neoplasm or 
stiic tuie mav-pioduce dj'sphagia, aspuation, and cough Jiai- 
rowmg of th&_Iumemby- mucosal, atiophy m Plummei-Vinson 
svndiome 01 encioachment on the lumen bv ceivical exostoses 
may mterfeie with swallowing Pulsion diverticulum mav 
pioduc e_dvsphagia,-ieguigitationT and-cough Inciease m the 
tonus m the cncopharyngeus muscle may cause vague sensa¬ 
tions of tightness and choking 

These conditions can usually be diagnosed by a caieful 
history and a combination of physical, neuiological, ladiolog- 
lcal and endoscopic examinations The exception to this gen- 
eial rule is a disoidei which may piesent a peiplexmg pioblem 
in diagnosis even aftei thoiough investigation with all avail¬ 
able techniques, namelv, isolated phaiyngeal paiesis This 
condition is usuallj due to a lesion in the uppei portion of the 
vagus neive tiunk and may be the lesult of mjuiv by chemical 
01 bactenal toxins, by tiauma, tumoi, ceitam degeneiative 
disoideis 01 bv localized vasculai accidents m the legion of 
the nucleus ambiguus Supianucleai lesions may also pioduce 
dvsphagia and voice changes if they involve the coiticobulbai 
tiacts of both sides 1-10 

Pharyngeal paiesis mav exist m the absence of othei neuio- 
logical distuibances or mai piecede them and maj closely 
simulate neoplasm of the hvpopharynx both bv mmoi ex¬ 
amination and by loentgenogiam Of appi oximatelv 15 cases 

•From the Otolart ngologw Section Department of Sursrert Tnle Lniter- 
sitt School of Jlediclne and the Grace-New Hat en Communitt Hospital 

Editors Note This manuscript receit ed in The Lar'ngo«cope Office and 
accepted for publication Jan 27 1<*5S 
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of nonpoliomyehtic pharyngeal paiesis admitted to this hos¬ 
pital duiing the past thiee yeais, five weie sent m with an 
admission diagnosis of eaicmoma of the hypophainx 01 uppei 
esophagus because of vanous combinations of dysphagia, “ex¬ 
udate” m one pyuform sinus, “edema” and fullness of one 
side of the larynx, and othei suggestive findings 

Cunously enough, the failuie to find tumoi by endoscopy 
may still leave the diagnosis m doubt, a fact diamatically 
lllustiated duiing my internship, m an eldeily woman ad¬ 
mitted with dysphagia of seveial months’ duiation Banum 
studies weie intei pi eted as showing a space-occupying lesion 
of the hypophaiynx The “filling defect” on X-iay was so 
stiongly suggestive of neoplasm that aftei esophagoscopy 
failed to leveal tumoi, suigical exploiation of the neck was 
cairied out on the assumption that an extimsic mass was 
piesent and was making pressuie on the hypophaiynx In 
letiospect, it is obvious that the asymmetiy in the baiium- 
filled hypopharynx was due to inadequate emptying by the 
atonic musculatuie on one side, particulaily since a diagnosis 
of neuiological disease was made befoie the patient left the 
hospital 

Theie aie ceitam lemaikable similanties between pharyn¬ 
geal paiesis and eaicmoma of the hypophaiynx m the histoiy, 
physical and endoscopic examination, and by radiological 
studies 


HISTORY 

A Dysphagia This may be piesent in eitliei condition 
In eaicmoma of the hypophaiynx, it lesults fiom mechanical 
obstiuction at the esophageal inlet, tends to come on lather 
slowly, and is noticed fn st foi solids, then foi liquids 

In phaiyngeal paiesis, dysphagia lesults fiom involvement 
of the constuctoi muscalatuie of both sides Although com¬ 
plete unilateial paialysis has been shown to be compatible 
with noimal deglutition," 10 many patients with dysphagia 
piesent a piedominantly unilateial atony of the pharynx on 
ladiological examination with banum It is piobable that 
both sides have been involved m the neuiological disoidei, 
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but that the weakness is gieatei on one side This is particu- 
laily apt to occui m patients with a pievious mild ceiebial 
vasculai accident 

B Hoai seness A postcucoid caicmoma, which involves 
the antei 101 wall of the hvpophai ynx, may infilti ate the ci ico- 
aiytenoideus posticus muscle, the stiong abductoi of the 
coids Tins pioduces a limitation of motion and lesultant 
changes m voice 11 A postcricoid 01 pynform sinus tumoi 
maj'- also pioduce hoai seness by infiltrating lateiall> and m- 
fenoily to involve the lecunent laiyngeal neive 

Vagus neive lesions located between the nucleus ambiguus 
and the ganglion nodosum cause paialvsis of the cold, usually 
m a paia-median position 510 

C Cough and Choking In caicmoma of the hypopharynx, 
local nutation may pioduce cough In both tumoi and paiesis, 
inadequate emptying of the pharyngeal lecesses allows aspna- 
tion of the excess secietions with lesultant cough 

PHYSICAL FINDINGS 

A Mn i oi Examination Indnect examination of the lai- 
vnx and hypopharynx may be veiy uninformative Unless a 
tumoi has outgiown the depths of the pyufoim sinus oi post- 
cucoid space, theie may be no viev\ of the neoplasm itself 
A motionless vocal coid may be present m eithei condition 
(see above) Salma oi food lodged in the pyriform sinus on 
the paialyzed side may look like exudate and may simulate 
a keratinizing neoplasm 

What looks like edema may actually be relaxation and 
bulging of the atonic musculatuie of the ventnculai band or 
of the lateral pharyngeal vail This may simulate a tumor 
deep in the pyiiform sinus 

B Palpation of the Trachea Palpation of the tiachea may 
leveal forward displacement in eithei condition In post- 
cucoid tumoi by piessuie from behind the cncoid, m pharvn- 
geal paresis bj lelaxation of the cncophaiyngeus muscle 
v hich usually suppoits the cncoid tightly against the cervical 
vertebiae 12 What is moie lemaikable, the tiachea mav devi- 
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of nonpoliomyelitie phaiyngeal paresis admitted to this hos¬ 
pital duiing the past three yeais, five weie sent m with an 
admission diagnosis of caicmoma of the hypopharnx 01 uppei 
esophagus because of vanous combinations of dysphagia, “ex¬ 
udate” m one pyriform sinus, “edema” and fullness of one 
side of the larynx, and othei suggestive findings 

Cunously enough, the failuie to find tumoi by endoscopy 
may still leave the diagnosis m doubt, a fact diamatically 
illustrated during my internship, m an eldeily woman ad¬ 
mitted with dysphagia of several months’ duiation Banum 
studies weie intei pi eted as showing a space-occupying lesion 
of the hypopharynx The “filling defect” on X-ray was so 
stiongly suggestive of neoplasm that aftei esophagoscopy 
failed to leveal tumoi, suigical exploiation of the neck was 
earned out on the assumption that an extunsic mass was 
piesent and was making piessuie on the hypophaiynx In 
letiospect, it is obvious that the asymmetiy in the banum- 
filled hypopharynx was due to inadequate emptying by the 
atonic musculatuie on one side, paiticulaily since a diagnosis 
of neurological disease was made befoie the patient left the 
hospital 

Theie aie certain lemaikable similarities between phaiyn- 
geal paiesis and caicmoma of the hypophaiynx m the histoiy, 
physical and endoscopic examination, and by ladiological 
studies 


HISTORY 

A Dysphagia This may be piesent m eithei condition 
In caicmoma of the hypophaiynx, it lesults fiom mechanical 
obstiuction at the esophageal inlet, tends to come on lather 
slowly, and is noticed fust foi solids, then foi liquids 

In phaiyngeal paiesis, dysphagia lesults fiom involvement 
of the constuctoi muscalatuie of both sides Although com¬ 
plete unilateral paialysis has been shown to be compatible 
with noimal deglutition, 510 many patients with dysphagia 
piesent a predominantly unilateial atony of the phaiynx on 
ladiological examination with banum It is piobable that 
both sides have been involved m the neuiological disoidei, 
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but that the weakness is gieatei on one side Tins is paiticu- 
laily apt to occui in patients with a pievious mild eeiebial 
vaseulai accident 

B Hoai seness A postcncoid caicmoma, which involves 
the antenoi vail of the hypophaiynx, may mfiltiate the cnco- 
arytenoideus posticus muscle, the stiong abductoi of the 
coids Tins pioduces a limitation of motion and resultant 
changes m voice 11 A postcncoid 01 pvnform sinus tumoi 
may also pioduce hoai seness by mfiltiating lateially and m- 
fenoily to involve the lecunent laiyngeal neive 

Vagus neive lesions located between the nucleus ambiguus 
and the ganglion nodosum cause paialysis of the coid, usually 
in a paia-median position 510 

C Cough and Choking In caicinoma of the hjpopharynx, 
local nutation may pioduce cough In both tumoi and paiesis, 
inadequate emptying of the pharyngeal lecesses allows aspua- 
tion of the excess secietions with lesultant cough 

PHYSICAL FINDINGS 

A Mu 101 Examination Indnect examination of the lai- 
vnx and hypopharynx may be veiy uninformative Unless a 
tumoi has outgiown the depths of the pyufoini sinus 01 post- 
cucoid space, theie may be no view of the neoplasm itself 
A motionless vocal coid may be piesent in eithei condition 
(see above) Saliva 01 food lodged m the pyiiform smus on 
the paialyzed side may look like exudate and may simulate 
a keratinizing neoplasm 

What looks like edema may actually be relaxation and 
bulging of the atonic musculatuie of the ventiiculai band or 
of the lateial phaiyngeal wall This may simulate a tumor 
deep in the pyiiform smus 

B Palpation of the Tiachea Palpation of the tiachea may 
leveal forwaid displacement m eithei condition In post¬ 
cncoid tumoi by piessuie fiom behind the cricoid, m pharyn¬ 
geal paresis by lelaxation of the cncophaiyngeus muscle 
which usually supports the cncoid tightly against the cei vocal 
vertebrae 1= What is moie lemaikable, the tiachea may devi- 
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ate fiom the mid-lme position m eithei condition in neo¬ 
plasm, as the lesult of piessuie fiom posteio-lateially, m 
paiesis, fiom relaxation of the suppoiting musculatuie on 
one S 2 de Deviation of the laiynx and tiachea in umlateial 
paiesis of the phaiynx is lathei difficult to explain, yet it 
has been seen in two cases Two possible mechanisms foi 
this deviation suggest themselves 1 lelaxation of the middle 
and mfenoi constuctois of one side, allowing those of the 
active side to lotate 01 displace the larynx and hyoid, and 
2 lateial piessuie by food letamed m one pyufoim sinus 13 

NEUROLOGICAL EXAMINATION 

In both phaiyngeal paiesis and hypophaiyngeal caicmoma 
the patient may initially show no other sign of disease Weak¬ 
ness of the othei thiee postenoi ciamal neives should be 
looked foi, and movements of the soft palate, tongue, postenoi 
wall of the phaiynx, stemocleido mastoid and tiapezius 
muscles obseived Ceitam disoideis of the postenoi gioup 
of ciamal nerves have been descnbed by Schmidt, Avellis, 
Vemet, Jackson, Tapia, and Collet-Sicaid 11 These syndiomes 
consist of vanous combinations of dysphagia, hoaiseness, 
dysaithna, nasal leguigitation, and sensoiy and motor dis- 
tuibances of the tiunk and extiemities They aie usually 
due to obvious neuiological disoideis and do not piesent the 
type of pioblem m diffeiential diagnosis undei discussion 
heie 


RADIOLOGICAL EXAMINATION 

This usually consists of a plain anteio-postenoi view, lat- 
eial view of the neck, fluoioscopic study of the ban urn 
swallow and companson of the two sides of the banum- 
coated hypophaiynx dui mg the Valsalva maneuvei Caieful 
ladiological examination is piobably the most impoitant 
single measuie in the evaluation of phaiyngeal paiesis of any 
type 1 -- 1 Heie again, howevei, theie aie ceitam pitfalls 

1 Lateial Film The plain lateial film is one of the most 
useful views m distinguishing between tumoi and paialysis 
m this aiea, and yet theie may be a soft tissue mass behind 
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the laiynx m eithei condition, in tunioi, because of neoplasm, 
m paiesis, because of the antenoi sagging of the atonic m- 
fenoi constuctoi muscle 01 because of spastic conti action of 
the muscle m supia-nucleai lesions 

2 Baiium Swallow Film “Filling defect” may be decep¬ 
tive and may lepiesent the noimally emptied side of the 
hypopharynx aftei the swallow has been completed Fluoio- 
scopic observation dui mg sv allowing lull show that the 
ladio-opaque side of the hypopharynx is paietic 

Since ceitam individuals tend to use onlv one pviifoim sinus 
m swallowing a small amount of fluid, the filling ability of 
both pyi lform sinuses must be checked bv 1 ha\ mg the pa¬ 
tient turn his head fust to one side, then to the otliei while 
swallowing, so as in each case to dnect the fluid into the op¬ 
posite pyiifoim sinus, 2 having the patient swallov a laige 
enough amount of banum to fill both pyiifoim sinuses at the 
same time It may be difficult to get the patient to sv allow a 
laige mouthful of fluid since he leahzes that even small 
amounts will pioduce coughing Templeton 101 ' states that a 
paietic phaiynx will accommodate laigei amounts of baiium 
mixtuie if this is acTmmisteied while the patient is m a supine 
position In this position, both pyiifoim sinuses will fill 
initially as is shown by Fig 7 

Food pai tides vhidi may have been letamed m the pyii- 
foi-m sinus should be looked foi befoie baiium studies aie 
done 

3 Valsalva’s Manenvei The Valsalva maneuvei, a foiced 
expnatory effort against a closed mouth and nose, mav out¬ 
line the supenoi edge of a tumoi, or it mav show ballooning 
of the atonic side m umlateial pharyngoplegia This is a most 
useful diagnostic test 


CASE HISTORIES 

Case I Dr E H 71ieai-old dentist admitted -with inability to swallow 
of four dars duration 

Present Illness —Four nights before admission he awoke from sleep 
with tightness of the throat moderate intermittent d'spnea and hoarse 
ness on admission he could not swallow even fluids and his -voice was 
hoarse 
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Mirror Examination —There is puddling of milk and saliva In the right 
pj riform sinus The right vocal cord Is motionless in the midline The 
right false cord is markedly edematous and there is a grayish mass 
visible deep in the piriform sinus below the arytenoid cartilage on the 
light side 

Impression —Caicinoma of the right pyiiform sinus or hypopharynx 
with involvement of the right recurrent laryngeal nerve 



Fig 1 (C H ) Irregularly outlined area of radlolucency behind the 
cricoid cartilage (upper arrow) with puddling of barium In the hypo- 
phary nx and yalleculae chleflj In right py riform sinus Dilatation of right 
pharyngeal wall and deviation of trachea to left (lower arrow) Compare 
this picture of pharyngeal paresis with Fig 3 retrocrlcoid carcinoma 


X ray —There is displacement of the trachea to the left in the region 
of the lower cervical and upper dorsal "vertebrae no well defined mass 
is noted In the region of C 5 and 6 there is a soft tissue swelling with 
an indentation on the posterior wall of the trachea in that area (see 
Figs 1 2) 

Esophagoscopu —Swelling of the right lateral pharyngeal wall at the 
cricoid let el Right cord motionless questionable bulging of the posterior 
tracheal tv all Esophagoscopy negative for mucosal lesion 

X ray —(two days after admission) (Thin barium) The yalleculae 
and pvriform sinuses bilaterally shoyy no pathology The contrast medium 
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appears to encounter an obstruction at the level of the junction of the 
pharvnx with the esophagus bevond which no contrast medium is noted 
in the esophageal passage There is a small amount of regurgitation of 
barium Into the trachea and this is noted in the o\er-exposed film in 
the left main bronchus 

A my Diagnosis — 

1 Obstruction of proximal most portion of esophagus 



Fig 2 (EH) Soft tissue densit\ In retrocricold area the result of 
aton-v of the crlcopharvngeus muscle Compare with Fig" 4 retrocricold 
carcinoma. 


2 Soft tissue mass opposite C 6 

3 Hvpertrophic osteoarthritis of the cervical vertebrae 

Ei\ T Consultation —(Two dats after admission) Mirror examination 
revealed right tocal cord in a paramedian position voice hushv both 
vocal cords inflamed and swollen probablv foreign bodv which has 
penetrated the mucosa and is causing parl-esophageal inflammation 

Over the next three dats the patient graduallv improved and was able 
to swallow a little fluid There was less edema noted in mirror examina 
tion of the larvnx several large gravish brown masses were coughed 
up bv the patient 
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X rays —(Six da\s after admission) There is failuie to opacify com 
pletelx the left pyriform sinus, however, undei fluoroscopy this pyri 
form sinus appeared to be well visualized and not remarkable in any 
respect The trachea deviates to the left in region of C 6 and 7 There 
is a small trickle of barium into the esophagus, no evidence of filling 
defect 

X ray diagnosis —Incomplete obstiuction of the proximal esophagus, 
probably due to a cential nerxous svstem lesion or secondary edema 

Esophagoscopy —(Eleven days after admission) j no foreign body' or 
mucosal lesion found 



rig 3 (VW; Valxalxa maneuyer shoxving slight dilatation of pharynx 
particularly of right pyriform sinus in a case of retrocricoid carcinoma 
Compare yyith Fig 1 


Diagnosis —Bulbar lesion (Vascular) inyohnng Nerxes X and IX 

After three xveeks the swallowing had improxed The patient could 
take a liquid diet and the final impression was that there was a xascular 
lesion localized in a xeiy small area of the bulb probably an embolus 
As the patient’s temperature xvas nexer oxer 99 2 rectally urinalysis 
and blood picture normal, it is unlikely that Infection xxas a prominent 
etiological factor here 

Followup —Two rears later this patient had a cerebroxascular accident 
xxith temporary paralysis of the left side from xxhich he recoxered 'When 
checkup xxas attempted fixe years after oiiginnl admission he had moxed 
to Florida Voice xxas said bx his son to be adequate but slightly weak, 
he eats mostlv soft food 

Discussion —The histoiy, mnioi examination, and the m- 
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itial ladiological examination in this case suggested a neoplasm 
of the uppei esophagus 01 Inpophaivnx The tiachea devi¬ 
ated away fiom the side of the paiahsis and was due m this 
case, not to piessuie fiom a tumoi situated m the hvpo- 
pharynx, but piobably to lelaxation of the constuctoi mus- 
culatuie attached to the light side of the laivnx The "edema” 



Fip -1 ("\ ^ ) Retrocrlcoid soft tissue den«itA with some forward 

displacement of posterior wall of trachea Compare with Fig - 2 post- 
crlcold carcinoma. 


of the larynx seen on mmoi and dnect endoscopic examina¬ 
tion piobablv lepiesented lelaxation and bulging of the atonic 
mferioi constuctoi muscle, and accounted foi the soft tissue 
swelling behind the larynx on the lateial X-ra\ view The 
giayish mass m the pyiifoim sinus was identified m this 
case as letamed food (junket), m otheis as saliva and epithe¬ 
lial debus fiom the mouth 
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Case II R C 68 real old woman, admitted with chief complaint of 
hoarseness and d\sphagia six months 

Piestnt Illness —Six months ago the patient de\eloped lioaiseness oter 
a peuod of a few dajs Shortlj theieafter she de\ eloped piogresshe 
djsphagia so that she can now take onI\ soft foods and liquids She 
has lost about 30 pounds oter this peiiod of time, has occasional re- 
guigitation of food or liquid into the mouth, has a morning cough 
pioductive of vellow sputum 



Fig 5 (R C ) Irregular!} outlined soft-tissue density with retention 
ot bnrlum In ratleculae and left piriform sinus The soft-tissue denslti 
In the right piriform sinus area Is illusor\ and represents the normal 
hipophannx after completion of swallow The opposite side both hipo- 
plinrinx and Ian n\ are paralyzed 


Past History —Seren jears ago left mastectomi for a carcinoma ■with 
out hmph nodes One rear ago liglit mastectomi intraductal prolifera 
tion w ithout malignanci 

Mirror Examination —Left cord is motionless and lies in paramedian 
position, patient is lioaise There is a collection of salfia in the left 
p\ rlform sinus 

Physical Examination —Blood pressure 175/110 There is a 0 5 cm 
nodule under the intact skin on the left in the scar of the mnstectonn 
it is firm and movable Laboratori woik showed no abnormalities of 
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the blood 01 urine W assermann negative There are no cervical or 
supra-clavicular Ivmph nodes palpable The left shoulder droops notice- 
abl\ and is limited in motion 

X rag —Metastatic intolvement of doi sal spine L 3 and 4 left sacrum 
left ileum and left ischium Minimal fibrotic tuberculosis right apex 
Bilateral apical plaural thickening Poor filling of the right p\ riform 
sinus no displacement of the barium filled esophagus 

Diagnosis —Metastatic lesion involiing the right pvriform sinus (see 
Fig 5) 



Fig C (HR) Film on left demonstrates the pattern which vss origi- 
nall\ interpreted as soft-tissue mass In right h'pophannv \alsal\n mi- 
neu\er on right half of plate shows dilatation of left p\ riform sinus and 
strongI\ suggests paresis as the underl\ ing disorder 


Eiuioscopij —No evidence of tumor in the bvpopharvnx or the upper 
esophagus The lumen was patent and admitted an esophagoscope left 
vocal cord motionless 

Impression —Bulbar lesion in region of nucleus ambiguus Absence of 
upper mediastinal mass on A ra\ with signs of Xerve X and XII in 
volvement suggests central rather than peripheral lesion 

Discussion —The X-iavs m this case show a failuie of the 
light pyiiform sinus to fill with banum Absence of tumoi m 
this aiea on endoscopic examination indicates that the light 
hypopliarvnx is the normal side and has emptied itself normal- 
lv (see Fig 5 ) The puddled salna and lesidual banum in 
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Case II R C, 68 yeai old woman, admitted with chief complaint of 
lioaiseness and djspkagia, si'? months 

P) esent Illness —Six months ago the patient developed lioaiseness o\er 
a peiiod of a few davs Shortly tlieieafter she de\ eloped piogiesslve 
d> sphagta so that she can now take onlj soft foods and liquids She 
has lost about 30 pounds ovei this peiiod of time, has occasional re 
guigitation of food oi liquid into the mouth, lias a morning cough 
pioductiie of jellow sputum 



Fig G (R C ) Irregularli outlined soft-tissue denslt> with retention 
of harlum In valleculae and left pi rlform sinus The soft tissue densltj 
in the right pj rlform sinus area is llluson and represents the normal 
lupopharjnx after completion of swallow The opposite side both h>po- 
pharinx and lannx are paralized 


Past History —Seten jeais ago left mastectorm for a carcinoma with 
out lmiph nodes One lear ago light mastectonn intraductal prolifera 
tton without malignanct 

Mvror Examination —Left cord is motionless and lies in paiamedian 
position, patient is hoarse There is a collection of salita in the left 
piriform sinus 

Physical Examination —Blood pressure 175/110 There is a 0 5 cm 
nodule under the intact skin on the left in the scar of the mastectom' 
it is firm and mot able Laboratori work showed no abnormalities of 
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Mirror Examination —Complete paralvsis of left vocal cord puddling 
of saliva in left pvrilorm sinus 

X rau —Ballooning of entire pharvnx Left vocal cord i mm obile Bal 
looning of pharv nv probabl' due to involuntan Valsalva maneuver eaeli 
time the patient attempts to swallow 

Impression —Left sided bulbar paralvsis with inabilitv of the left pvri 
form sinus to contract, and immobility of the left vocal cord (see Figs 
6 and T) 

During the next six weeks the patient became rapidlv worse wita 
progressive atroph\ of the muscles of the neck shoulder girdle mandible 
and both upper and lower extremities A diagnosis of amvotrophic 
lateral sclerosis was made before he died although involvement of Nerves 
II and III was felt to be against it autops' was not obtained 

Discussiot )—Certain degeneiatne conditions mvohmg the 
biain stem mav be usheied m bv dvsphagia and hoarseness 
as a lesult of imohement of the nucleus ambiguus with le- 
sultant paiesis of the constuctoi muscles and \ocal colds 
Verv little else maA be found initially, e\en though weakness 
and asvmmetn of the soft palate and postenoi pharvngeal 
vail aie caiefullv looked foi 


CONCLUSION 

Isolated phaivngeal paiesis mav smiulate caicmoma of the 
hvpopharvnx (pvnfoim sinus and postcucoid aiea) because 
of similar findings on lustoiy, phtsical examination, nnnoi 
examination and loutme loentgenogiams with conti ast media 
Endoscopic examination having luled out an mtunsic neo¬ 
plasm, pharvngeal paresis can best be demonstrated bv fluoio- 
scopic comparison of the emptvmg-time of the two sides of the 
hvpopharvnx duung banum swallow, piefeiablv m the supine 
position, and b\ the demonstiation of balloomng and asvm- 
nietry of tlie musculai vails of the hvpopharvnx during the 
Valsaha maneuvei 
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the left pyufoim sinus is the lesult of atony of the pharyn¬ 
geal musculatuie on that side Fluoioscopy and the Valsalva 
maneuvei aftei bamim swallow demonstiate this vividly 

Case III H R 68-seal old man, admitted with tlnee-week histoiv of 
hoaiseness and disphagia Pie admission loentgenogiams had been in 
teipieted as showing a "tumoi of the hvpophamix (see Pig 6) 

Endoscopi /—The light local eoid is siighth sluggish Theie is saliva 



Fig 7 (HR) Bai lum-fllled hipophnrjnx caught during fluoroscopi 111 
supine position b\ spot-film (left) lules out a spnce-occupj ing mass (n 
right h>popliarinx as suggested t» Fig 6 and bi the light half of this 
plate The latter shows the normalh emptied right side of the h\po- 
pharini. Immediately after completion of swallow and further supports 
diagnosis of left-sided plian ngoplegla 


puddled in both puifoim sinuses and no evidence of neoplasm Patient 
was discharged without fuithei woik up 

Si\ weeks latei he was le admitted because of occipital headache of 
two weeks duration Foui weeks prioi to admission the patient had 
dei eloped weakness of the left etelid and left arm On admission there 
was ptosis of the left lid and a dilated reactionless left pupil spinal 
fluid was negathe sputum negative foi acid fast bacilli WBC 12 000 

'Scurological —Patient has a shuffling gait There is evidence of in 
yohement of \ei\es III i\ and X Vibraton sensation and heat sen 
sation are increased on the right 

Impri fsion—Tumoi of brafn stem oi metastases to biain stem from a 
piimai' tumor in GI tract or lung 



MEDICAL AND SURGICAL TREATMENT 
OF BELL’S PALSY ^ 

Edmund P Fowler, Jr MD, 

New Yoik, N Y 

The best symptomatic descuptions of paialysis of the motoi 
neive of the face weie those made by Sn Chailes Bell befoie 
1841, 1 yet the tiue causes and the best tieatments foi non- 
tiaumatic facial paiahsis still lemam contioveisial, and few 
patients seek eaily tieatment fiom the few specialists m this 
field In 01 dei to undeistand the lationale foi the tieatments 
descubed m this papei, it is necessaiy to studv some of tlie 
piobable causes of the sudden, usually tiansient, paialysis of 
the Vnth ciamal neive, v.Inch has come to be known as "Bell’s 
Palsy ” 

In the common idiopathic foim it is geneially behe\ed that 
theie occuis an edema which squeezes the neiwe tiunk so as 
to block the passage of neuial impulses Cawthome 2 has de¬ 
scribed an “lioui-glassing” by eithei a fibious band 01 a con¬ 
genitally small bony ung at the sti lomastoid foiamen He, 
as well as Sullivan, 3 Colliei, 4 KetteT and otheis, liaie con- 
fnmed the obseivation of Arthui Duel 1 that theie is often a 
maiked bulging of the neive when its fibious sheath is slit, 
m cases of classical “Bell’s Palsv ” 

In niv small senes of seven opeiated cases, this vas most 
cleai-cut m lecent facial paiahsis, paiticulaily m lecunent 
facial paialysis, vluch tends to show a lemaikable lmpiove- 
ment witlun a few hours, 01 a fen dais, aftei suigical de- 
compiession I emphasize patients of lecunent facial paial- 
vsis, because whethei then parahsis has been on the same 
side 01 the opposite side, we have, m these patients, a type 

‘Presented at the Sixth International Congress of Otolarvngolog\ Wash¬ 
ington D C AIa\ 5-10 1^57 

_ r tFr°m the Department of Otolar\ ngologj of the Columbia-Presb\ terian 
Medical Center New York N Y 

^This research was made possible bv the assistance of grants from the 
Abbott Laboratories 
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accepted for publication Feb 21 1^5$ 
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Let us examine the mechanism of how cold could pioduce 
facial paialvsis We have a tlieoiA that this might lead, quite 
logically, to a common denonnnatoi, foi all “Bell’s Palsy” 
whethei associated with vnus infections, alleigy, aiteno- 
sclei osis 01 w hat not 

In the mesentery, the conjunctiva of the eje, the chonoallan- 
toic membiane of a chick, the edge of the lung, the spleen 
and othei aieas w r heie small blood cn dilation has been caie- 
fully studied, theie is no question that chilling will pioduce 
local eiytlnostasis With slight changes of tempeiatuie theie 
aie pioduced conti acted aitenoles and venules also pie- 
capillarj closuies and, m addition, slow moving stasis, 01 so- 
called mtiavasculai agglutinations—the “sludge” of Kmselv 1 - 
With moie chilling, platelets and white cells collect in and 
along the Aasculai Avails, and e\ r entualh the cnculation m the 
legion is affected by these intiaA 7 asculai elements, as Avell 
This seems to start m the collecting \ y enules, spieads to the 
capillanes and ei'entualh' inA T oh 7 es artenoles and artei io\ T en- 
ous shunts, just as does am othei local tiauma Climcallv, 
this has often been obseiAed in fiostbite of the fmgeis, toes 
and ears Such ei Adhiostasis in the small blood \essels not 
onh lesults m anoxia of the part with edema and giound 
substance changes, but also subsequent susceptibihtv to nnldei 
episodes with slight changes in tempeiatuie It is knowm that 
similai Impel sensitization 13 of nerve tissue can occui, and this 
may account foi lecunent “Bell’s PalsA ” 

Blockage of the small blood vessels with consequent tissue 
ischemia and secondaiA edema seems to occui m the Vllth 
nei ve, with many factois othei than lefngeiation 01 cooling 
Theie may be an association Avith alleigv 01 infection, tlnombi 
fiom othei paits of the bodj and with tiauma I have seen 
t'Ao cases of penpheial facial paial\ r sis which weie otherwise 
identical A\ith so-called idiopathic “Bell’s Pals\ r ,” associated 
with peiichondutis of the auricle and SAAOllen lvmph glands 
in the uppei cervical chain, anothei case with gianuloma 
of the external canal, which impio\ed aftei partial iemo\ r al 
of the low-giade infectious piocess neai the exit of the neive 
In one case with lubella, the glands iveie quite laige in the 
legion of the stvlomastoid foi amen, and I lia\ r e seen anothei 
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of control, because a]] of these patients v*ere decompressed 
within a fen dajs of the onset of their paralysis In no case 
of recurrent "Bell’s Palsy” have I seen as slov* a recovery 
as occurred for the bout, or bouts, before decompression, 
vnether the palsy vas on the same side or the opposite side. 
In none of my patients vrith decompressed "Bell’s Palsy” has 
there yet been a recurrence of facial paralysis after decom¬ 
pression. AH of them have been done over one year and the 
oldest one is of 15 years’ duration. Similar statements have 
been made by SuJlr.am concerning a much larger series of 
operated "Bell’s Palsy.” Apparently, m acute cases, removal 
of bon;, and i: or on; sheaths of the perpendicular part of the 
nerve wthin the mastoid relieves pressures and thus often 
leads to recovers from the paralvsis; but is presmre on tne 
Tier e, per :e the primary and only cause of the paralysis? 

In 1936, Grunfest' reported an experiment sntb frognerves 
and sho—ei that it tool: 8,000 to 15,000 pounds per square 
inch to stop nen e impulses -.then the entire nen e —as squeezed 
m a compression bomb filled vnfh oxygenated mineral oh; 
no* e.er, if there vas any oendmg of axones, neural impulses 
•vere reduced or blocked at that point Ferhaps more im¬ 
portant, Lems and his co-v orders, Denny-Browv and more 
lately 3foJdaver, *’ orbing vuth dips or tourniquet techniques, 
ha*.e shovn that any pressure ~hich interferes “5th the 
circulation of the nen e itself, "nil produce suppression of 
distal neural impulses; and if the ischemia produced by the 
pressure is bept up for a sufficient length of time, the palsy 
-mil be either long lasting or permanent. 

VThat could instigate a primary ischemia in the facial nerve 
trunk, leaving aside for the moment, seconder;.* edema and 
sv elhng’ The story that "Bell’s Pals;.*” often follows a cold 
draft to the side of the face has been generally accepted by 
most, since the time of BelL* Although this is vigorously 
denied by a fevr, tre wight of evidence seems to indicate that a 
odd draft may precipitate the pals,*, in some patients Not so 
long ago. Sulk'.an and Smith incontrcr. ertibly sho—ed that cold 
can produce facial paralysis in rats, but there are undoubt¬ 
edly other factors and other precipitating agents, as mill be 
mentioned later. 
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Let us examine the mechanism of how cold could pioduce 
facial paialvsis We ha\e a theory that this might lead, quite 
logicalh, to a common denommatoi, foi all “Bell’s Palsy” 
whethei associated with vnus infections, alleigy, artei 10- 
scleiosis 01 what not 

In the mesentei y, the conj unctiva of the eve, the choi loallan- 
toic membiane of a chick, the edge of the lung, the spleen 
and othei aieas yyheie small blood cnculation has been caie- 
fully studied, theie is no question that chilling will pioduce 
local eiytlnostasis With slight changes of tempeiatuie theie 
aie pioduced contiacted aitenoles and yenules also pie- 
capillan closuies and, m addition, slow moynng stasis, 01 so- 
called mtiavasculai agglutinations—the “sludge” of Kniselv 1 - 
With moie chilling, platelets and wlute cells collect m and 
along the vasculai walls, and e\entuall\ the cnculation m the 
legion is affected by these mtiavasculai elements, as well 
This seems to start in the collecting \enules, spieads to the 
capillanes and eventually invohes artei ides and artei loyen- 
ous shunts, just as does am othei local tiauma Clinically, 
this has often been obsened m fiostbite of the fmgeis, toes 
and eais Such eiytlnostasis in the small blood yessels not 
onh lesults in anoxia of the part with edema and giound 
substance changes, but also subsequent susceptibility to mildei 
episodes with slight changes in tempeiatuie It is known that 
similai hvpersensitization 1 ' 1 of nene tissue can occui, and this 
may account foi lecunent “Bell’s Palsv ” 

Blockage of the small blood vessels with consequent tissue 
ischemia and secondaiy edema seems to occui m the Vlltli 
nerve, ynth many factois othei than lefugeiation 01 cooling 
Theie mav be an association yvith alleigv 01 infection, tlnombi 
fiom other parts of the body and yvith tiauma I haye seen 
two cases of penpheial facial paiahsis yyhich were otheiyyise 
identical yvith so-called idiopathic “Bell’s Palsy,” associated 
ywth peiichondutis of the auricle and swollen lvmph glands 
in the uppei eery ical chain, anothei case w ith granuloma 
of the external canal, yvhicli lmpioyed aftei partial lemoyxd 
of the low-gi ade infectious pi ocess neai the exit of the nei y e 
In one case with rubella, the glands weie quite laige in the 
legion of the stylomastoid foramen, and I hay T e seen anothei 
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Flk 1 Vi ] Ileal Hcrlloit Uuougch the temporal bom show In*, t lie <lo- 
fiCQniHnj? part or tin facial mm (VII) ns It ^ois through a normal 
»t>lomnstold foramen also a ( ro«« section of (iu mt\c mat tite pwamid 
Arrow Indicates whtro bon> 01 fibrous imi rowing hns lam nlmorud 
A indicates arhij V Indicates wins 


case with infectious mononucleosis, with glands m the same 
legion 

Sn Chailes Bell himself desenbed seveial cases m which 
theie weie abscesses, 01 Iaige glands m the neighboihood of 
the stylomastoid foiamcn 1 Many times the paialysis occm s 
m patients with diabetes, 01 aitei loscleiosis Theie aie, of 



FOWLER, JR BELL'S PALSY 


1659 


couise, cases due to mjunes fiom too tight packing m a 
mastoid wound, 01 to dnect biuismg of the neive 

Most otologists have seen facial paialysis with low-giade 
and seemingly insignificant concomitant seious otitis, 01 tian- 
sudative otitis It is possible that these symptoms weie due 
to blockage of the stylomastoid aiteiy, which supplies not 
only the facial neive but also the mucous membiane of the 
middle eai (see Fig 1) I have seen two cases wheie the 
bone and the canal weie unusually soft but not infected, as 
descubed by Kettel 5 

As mentioned above, appaiently anything winch could lead 
to eiythiostasis m the vessels in the bony facial canal can 
pioduce the palsy Even Heipes Zostei of the geniculate 
ganglion must pioduce a vasculai lesion which pioduces swell¬ 
ing, ischemia and finally blockage of the neive impulses, 
howevei, all these causes of facial paialysis seem to have a 
common denommatoi, namely, eiythiostasis and ischemia 
from spasm, mtiavasculai blockage oi external piessuie in¬ 
volving the small vessels of the neive tiunk The ischemia 
causes axone anoxia and secondary tissue edema, which ag- 
giavates the situation especiallv when it can kink the nerve, 
because anatomical factois such as a fascial collai oi a small 
stylomastoid foiamen aie piesent 

With this hypothesis as a backgiound, and consideiable ex¬ 
pel lence with Memeie’s disease and sudden deafness, winch 
undoubtedly aie piecipitated by similai vasculai phenomena, 
it was decided to try vasodilation vigoiously, and mci eased 
cucuJation tieatment techniques foi “Bell’s Palsy” To date, 
the same legimen has been used which had pioved successful 
with Menieie’s disease, namely, one-tenth of 1 pel cent pio- 
caine hydiochlonde infusions, twice a day, using 250 cc of a 
glucose solution, to mciease the flow 7 of blood m the small 
blood vessels, aftei the patient had been w r ell medicated with 
nicotinic acid, 50-100 mg 4 i d , p o , 1J to dilate the small blood 
vessels 

We have, as vet, tieated an insufficient numbei of patients 
to piove, definitely, that this or that legimen helps in a dis¬ 
ease like “Bell’s Palsy” Oui lesults with a small senes aie 
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given foi what they aie woith It has been vanously stated 
that 55 to 80 pei cent of “Bell’s Palsy’’ cases lecovei without 
tieatment Thomas 15 in 1955, published a papei m which he 
gave the companson of length of time that “Bell’s Palsy” took 
to lecovei against a legimen of Coitisone, the aveiage was 
24 days Fiom this, and othei ,u leviews of the liteiatuie, it 
is difficult to asceitam how the vanous authois classified 
then patients with paitial, oi no impiovement I, theiefoie, 
indicated m each gioup how many had no impiovement and 
how many had paitial impiovement, how many had full 
impiovement, and the aveiage time in which full impiove¬ 
ment seemed to occui In all, we studied 100 consecutive 
hospitalized cases, m which theie weie sufficient notations 
m the chait foi a lepoit to be made Fouiteen weie tieated 
with piocame and 86 tieated with othei methods In the 14 
patients tieated with piocame, all had consideiable impiove¬ 
ment, 12, oi 86 pei cent, had full impiovement, two had 
paitial impiovement, the impiovement occuned within foui 
to 30 days, making an aveiage of 12 3 days Of the 86 con- 
tiols 14, oi 14 pei cent, had no impiovement, anothei 12, oi 
14 pei cent, had paitial impiovement, and the lemainmg 72 
pei cent had full impiovement, langmg fiom five days to one 
yeai, making an aveiage of 76 1 days Using nicotinic acid 
alone, theie weie six patients, two had paitial impiovement 
and foui had full impiovement, m an aveiage of 24 2 days 
Seven patients had Coitisone tieatment, one lemamed com¬ 
pletely paialyzed, two had partial impiovement, foui had 
full impiovement, m an aveiage of 24 5 days, thus, the nico¬ 
tinic acid and Coitisone tieated cases seem to show bettei 
lesults than the physiotheiapv tieated cases, howevei, the 
nicotinic acid with mtiavenous piocame seemed to show the 
best lesults m this small senes 

Recently we have been ti eating oui cases of sudden deaf¬ 
ness with hepann and cumadm, m addition to piocame and 
nicotinic acid We have not yet tiled this with “Bell’s Palsy” 
but the diamatic impiovement in cncualtion with hepann, m 
expelimental animals, in addition to that seen with piocame, 
suggest we should add this medication to oui tieatment legi¬ 
men, if we see the patient eaily enough Foi the edema, we 
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should, peihaps, use Cortisone as well, at least foi a few days 
In any event, the patient must be hospitalized and the blood 
chemistry, venous clotting and piothiombm time, caiefully 
conti oiled In oui hospital this has been supervised by Di 
Stuait W Cosgiiff of the Department of Medicine, and earned 
out m the same mannei as thej tieat venous thiomboses, and 
as they contiol hoimone theiapy afflictions m othei parts of 
the body 

If medical tieatment does not pioduce maiked impiovement 
m a “Bell’s Palsy” m two months’ time it has become oui 
piactice to decompiess the facial nene, accoidmg to the 
method of Duel , 0 except that a dental dull, undei magnifica¬ 
tion, is used instead of a hammei and chisel Moie and moie, 
electrical studies suggest that two months is too long to wait 

Adequate entena fiom eleetiomyogiams, chionaxies, and 
the like, foi discoveiy and evaluation of those patients who 
will not recovei without suigeiy has been fanly satisfactoiy 
m oui hands, bettei piognostic tests aie, we believe, uigently 
needed 

Since the patients selected weie almost all hospitalized, and, 
theiefoie, likely to be seveie cases, peihaps oui “Bell’s Palsy” 
sample is skew This senes, howevei, shows that -watchful 
hoping, heat, massage and electi othei apy do not piovide quick 
and full lelief m a sufficient numbei of cases Oui senes 
compaies favoiably with the senes of Thomas 15 foi Cortisone 
Nicotinic acid is much cheapei than Cortisone, and much 
safer Peihaps one should use Cortisone m laige doses foi a 
few days, and then continue with nicotinic acid and piocame 
Although the use of 1 v piocame, plus anticoagulants and 
steroids, twice daily is difficult and somewhat dangeious, I 
suggest that furthei tnal of such vigoious eaily tieatment is 
indicated This papei should stimulate some intei est and 
lead to compaiative studies of the lelative value of piocame, 
histamine, steioids, anticoagulants and the like, hovevei, 
foi success, we must peisuade all phvsicians to send m then 
cases eaily We believe, “Bell’s Palsy” is a medical emeigency 
like sudden deafness, 01 any other vasculai catastronhe If 
we do not start eailv we can not expect to eliminate the small 
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blood vessel ischemia and secondary edema Axone degeneia- 
tion will begin and theoietically we should lesort, within a few 
days to suigical decompiession 
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RESULTS OF FENESTRATION AFTER STAPES 
MOBILIZATION 


Allan C Goodman, Ph D ,* 

Robert C Bilger, Ph D ,f 
and 

Theo E Walsh, M D 4 
St Louis, Mo 

Otologists who wnte on the subject of the stapes mobiliza¬ 
tion opeiation aie unanimous m stating that this pioceduie 
does not adveisely affect a subsequent fenestiation opeia¬ 
tion 1 - 9 This opinion is based upon suigical and acoustical 
consideiations, as well as upon clinical obseivations 

The clinical evidence reported as empmcal validation of 
the position that the stapes mobilization pioceduie does not 
affect the lesults of a subsequent fenestiation involves fiom 
one to 45 cases 1 -° Mem-man," 1 who lepoits on the 45 cases, 
states that Ins gioup had not been subjected to close study 
Werth 9 has analyzed 16 cases m teims of aveiage gam as 
piedicted by the Shambaugh formula, but he did not com- 
paie these 16 cases to a group on whom the fenestiation 
opeiation was not complicated by a pi 101 stapes mobilization 

Because consideiable clinical impoitance is attached to the 
claimed advantage for the stapes mobilization opeiation, viz 
that a subsequent fenestiation opeiation may be perfoimed 
with no disadvantage m the final lesult, we felt that a sta¬ 
tistical analysis designed to test tins hypothesis would be 
useful 

Theie aie 38 cases in the senes of stapes mobilization 

*Hofhelmer Audiology Laboratory Department of Otolaryngology “Wash¬ 
ington Unh erslty School of Medicine St Louis Mo 

fCentral Institute for the Deaf St Louis Mo 

JDepartment of Otolar\ neology Washington UnK erslty School of Medi¬ 
cine St. Louis Mo 

r resear ch was partially supported b\ a grant (B-242) to Central 

institute for the Deaf from the National Institute of Neurological Disease** 
and Blindness 

Editors Note This manuscript received In The Laryngoscope Office and 
accepted for publication Jan 27 195S 
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opeiations peifoimed by one of us (TEW), m which a 
subsequent fenestiation opeiation was peifoimed This gioup 
of 38 cases was compaied with a lecent gioup of 227 fenes¬ 
tiation opeiations' 0 that weie not complicated by pnoi stapes 
mobilization Heaung level”' foi speech (spondaic woids) 
is the datum that was used to compaie the two gioups 
Residual heaung was used instead of gain, because lesidual 
heaung is the most logical measuie of success m this context 


TABLE I 

Mean Hearing Let el foi Speech Tlnee Months Aftei Fenestiation 




Fenestration after 
Stapes Mobilization 

Fenestration Onl> 

Numbei of cases 


37 

227 

Mean 


2GS 

25 7 

Standaid Deviation 


7 97 

S 19 


TABLE II 


Dlstiihutlon of Cases as a Function of Heating Lei el foi Speech Tluee 
Months Aftei Fenestiation 



renestrntlon aftei 

Stapes Mobilization 

renestrntlon Onlr 

Hem lap: Lor el 

7« 

No 

r r 

No 

20 db or bettei 

23 7 

(9) 

28 2 

(G4) 

21 25 

29 0 

(11) 

32 6 

(74) 

26-30 

16 8 

(6) 

IS 1 

(41) 

31-35 

184 

(7) 

11 9 

(27) 

36 40 

26 

(1) 

3 9 

(9) 

41 db oi noise 

10 5 

(4) 

7 3 

(12) 



38 


227 


Fust, the two gioups weie compaied with lespecl to mean 
heaung level as measuied thiee months aftei fenestiation 
The mean heaung level and standaid deviation foi each gioup 
of cases aie piesented m Table I The diffeience between 
the two gioups of 1 1 db m favoi of the uncomplicated 
fenestiation gioup is not statistically significant (t = 72, 
p= 47) One case of stapes mobilization was excluded fiom 
this companson because all heaung was lost aftei fenestia¬ 
tion, and no value could be assigned to heaung level 

•The term hearing let el Is used here Instead or the term ‘honrlncr 
loss as recommended b\ Dat Is Hoople and Pal rack" 
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In addition to the companson between mean healing levels 
foi speech foi the two gioups, we have tabulated the peicent- 
age of cases in each gioup with lesidual heaung levels foi 
speech of 20 db 01 bettei, 21-25, 26-30, 31-85, 36-40, and 41 
db oi woise These disti lbutions aie piesented m Table II 
with the numbei of cases involved m each peicentage en¬ 
closed in paientheses The case of pnoi stapes mobilization 
excluded fiom the companson between gioup means, because 
all heai mg w r as lost aftei fenestiation is included m Table II 
m the “41 db oi ivoise” mteival The two gioups w^eie 
compaied statisticallv with lespect to the disti lbution of cases 
as a function of lesidual hearing le\el, and weie found to be 
not diffeient (Clu-Squaie = 3 17, p = 53) 

The lesults then, of the statistical compaiisons between the 
group of 38 cases in wdncli a stapes mobilization pieceded the 
fenestiation opeiation, and the gioup of 227 cases foi which 
the fenestiation w r as not complicated bv pnoi stapes mobiliza¬ 
tion, indicate that the two gioups aie not diffeient with le¬ 
spect to mean lesidual heaung level foi speech, oi with le¬ 
spect to the disti lbution of cases as a function of heaung 
level These lesults confnm the opinions based upon suigical 
and acoustical consideiations, as well as those based upon 
clinical expei lence, that the stapes mobilization pioceduie 
does not affect the lesults of subsequent fenestiation 
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OSTEOMA OF THE EXTERNAL AUDITORY CANAL 


James L Sheehx, Majoi,* 
Medical Coips, United States Aimy 


“The laige solitan osteoma attached bv a pedicle to the 
bony canal wall is an extiemelv laie condition ”* The autlioi 
was somewhat siupiised to find this statement dining the 
couise of a hteiatuie leview m connection w ith anothei sub¬ 
ject- Foui cases obsened dining the last tw T o leais weie 
called to mind It is the pin pose of this papei to define the 
subject, discuss the tieatment, and lepoit these foui cases 

definition 

Doi land’s medical dictionaix defines an osteoma as anv 
tumoi composed of bony tissue Confusion has ansen clini¬ 
cally 1 between an osteoma of the external auditoij canal and 
the exostosis, which is defined as any bonv giowth piojectmg 
outwaid fiom the sui face of a bone Bv definition, am 
osteoma piojectmg outwaid is also an exostosis The con¬ 
fusion is mci eased bi the fact that lnstologicalh theie is no 
shaip line of distinction (if am) betw r een a tiue osteoma 
and many closely 1 elated non-neoplastic hvpeiplasias of bone 3 * 

Fiom the clinical standpoint it is impoitant that a definition 
be agieed upon, that the two conditions be consideied sepa- 
lately Osteoma of the external canal lefeis to the solitan 
pedunculated bom giowth, attached to the tympanosquamous 
sutuie supeificial to the isthmus (see Figs 1, 2) It may be 
attached to the tympanomastoid sutuie By contiast exostoses 
of the external canal aie bioad-based elevations of bone, 
usually multiple and bilateiallv svmmetncal, located deep to 
the isthmus, at the uppei edges of the tympanic bone (see 
Fig 3) 

•USAREIR Audltorc Screening Center and Otolart nftolop' Section ds11 > 
General Hospital APO ,1 New lork Present!' Chief Otolnr\ ncolopicnl 
Section Dept of Surperx Wadipan Arnn Hospital Tacoma Wash 

Editors Note This manuscript receit ed In The Lnn nposcope Office and 
accepted for publication Feb 12 115S 
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INCIDENCE AND SYMPTOMS 

A numbei of the cuuent texts 5 - 0 ' c do not mention osteoma 
of the external auditoiy canal, exostoses aie mentioned 
buefly Moiiison,® howevei, makes a cleai-cut distinction 
between the exostosis and the osteoma, both fiom the stand¬ 
point of location and tieatment 

Exostoses of the external canal aie common lesions, aie 



Fig- 1 Osteoma of External Cnnal (Frontal Section) 


usually bilateial and multiple, and laiely demand tieat- 
ment 16 c " 8 9 They aie seen frequently m the couise of ex¬ 
aminations foi othei illnesses, and laiely, if evei, produce 
symptoms 

The external auditoiy canal osteoma is always a single um- 
lateial lesion and is consideied to be laie Kline and Peaice 1 
leviewed the liteiatuie up to 1954, and stated that it was 
difficult to say how many of the cases lepoited (ovei 37) 
weie actually osteomata, and how many weie exostoses 
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They leviewed m detail the foui cases lepoited dunng the 
piecedmg 15 yeais, and added a case of then own They 
concluded that the condition must be extiemely laie judging 
bv the paucity of the lepoits Otheis agiee with this con¬ 
clusion 10 

Symptoms pioduced by an osteoma aie the lesult of block- 



Flg- 2 Osteoma of External Canal (Tragus retracted) 


age of the canal Eailj theie maj be excessive t\ax accumu¬ 
lation deep to the tumoi A complete block may occui aftei 
the introduction of i\atei, and eventualh heaung loss mil 
develop, due to blockage by collected debus This often de¬ 
velops befoie complete occlusion b\ the tumoi Eientualh 
infection supeivenes, accompanied bi pam Imtialh the m- 
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fection is limited to the external canal, but it may spiead to 
the middle eai and mastoid A long-standing occlusion and 
infection will lesult m finding a situation not unlike a cho¬ 
lesteatoma, with extensive destiuction of the mastoid and 
middle eai, necessitating ladical mastoidectomy 1 

TREATMENT 

A ladical 01 modified ladical mastoidectomy is necessaiy 
m an occasional case, to tieat adequately the tempoial bone 



suppuiation secondaiy to the blockage by the tumoi This 
was tiue m two of the five cases leviewed by Kline and 
Peaice 1 It would seem that modified ladical mastoidectomy 
could have been avoided m two of the cases leviewed by them 
A simplei (tiansmeatal) pioceduie might have been moie 
satisfactoiy foi the patient 

Tieated eaily, that is befoie complications develop, and 
with an undei standing of the anatomy involved, the majonty 
of osteomata may be lemoved tiansmeatally An endauial 
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incision may be necessary to facilitate exposuie The pio- 
ceduie found most satisfactory m the authoi’s expenence is 
as follow s 

Geneial anesthesia, with an endotiacheal tube, is used 
The eai is piepaied as foi mastoidectomy If the outei thud 
of the canal is wude, and the tiagus is not excessively pionn- 
nent, no incision will be necessaiy Otheiwise the uppei aim 
of an endauial incision is made and a letiactoi inserted A 
stuidy attic hook 01 eai cuiette is inserted past the edge of, 
and deep to the osteoma (and is latei used to delivei the 
tumoi) This can usually be slipped deep to the tumor, even 
w r heie no opening is visible In an occasional case, postenoi 
canal wall bone mai advantageoush be iemo\ed befoie in¬ 
serting the hook An assistant holds this hook A cuived 
gouge is then dnected at the pedicle and tapped lightly, 
loosening the tumoi It is lifted out with the hook 01 cuiette 
It may be necessan to cuiette lighth 01 burnish the canal 
wall at the site wheie the tumoi was attached 

A small aiea of canal wall is left denuded If this is less 
than one-thnd of the cncumference, as it usually is, a skin 
giaft wall not be necessaiv If gieatei than one-thud of the 
cucumfeience, it is wise to enlaige the canal with the bui, 
and apph a thm full-thickness skm giaft remoied fiom be¬ 
hind the eai The canal is packed with a fmgei cot filled 
with vaseline gauze, and a mastoid diessmg is applied Any 
endauial incision is, of couise, sutuied 

Antibiotics aie given pie- and post-opeiatn eh The pack¬ 
ing is lemoved on the thud daj, and a dry (powdei) tieat- 
ment is utilized theieaftei until healing takes place 

One last word on tieatment an osteoma of the external 
canal as herein defined should be lemoved, e\en though not 
causing symptoms This tumoi is m a position wheie it is 
continually exposed to tiauma Continued giowtli of the 
tumoi mai result in complications necessitating ladical mas¬ 
toid suigery Suigen undertaken aftei the onset of compli¬ 
cations is neiei so satisfactoiv 
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CASE REPORTS 

Cast 1 A 25 vem old white male was lefeired because of a twoyear 
lilstoiy or a giaduallj enlarging giowth In the light eai canal Wax and 
watei would collect deep to It Examination showed a bony tunioi at 
tached to the anteiioi supeiioi bonv wall, superficial to the isthmus, 
filling all but one mm of the canal dlamctei lleaiIng was noimal 

Undei endotracheal anesthesia the uppei aim of an endaural incision 
was made to facilitate exposuie A small dull eai curette was passed 
deep to the lesion, which was seen to be attached by a broad pedicle to 
the tympanosquamous sutuie It was dislodged by a flim blow on a 
cuived gouge the blade of which had been placed at the pedicle, and 
was deliveied with the cuiette The tympanic membiane was lioinial 
The incision was closed and the canal was packed with a fingei cot filled 
witli ■vaseline gauze A mastoid dressing was applied The diessings 
weie lemoved in tlnee days, and the canal was healed in two weelcs 

Cast 2 A 22 yeai old white male w r as lefeired foi treatment of re 
cunent otitis externa Examination levealed a subncute right external 
otitis, due appai ently to vigoious attempts by the patient to lemove wnx 
fiom the eai Theie was a small (3 mm ) pedunculated bom tumor 
attached anteio supeiioilv at the junction of the bony and cartilaginous 
canal 

Removal of the tumoi was advised aftei the otitis had subsided The 
patient lefused tieatment 

Case 3 A 27 veai old Negio male wns lefened because of a one and a 
half yeai lilstoiy of Intel mlttent dlscomfoit In the left eai Hearing loss 
had been constant, and amounted to 40 dbs (conductive) Examination 
levealed a complete block of the left external canal by a bony growth 
which wns attached bv a pedicle to the posteiioi supeiioi cnnnl wall 
supei ficial to the isthmus 

Undei endotiacheal anesthesia an S shaped endauial incision wns made 
The membianous canal was sepaiated foi a slioit distance to the pedicle 
and cut to tills point An external cuff of membianous canal wns then 
fashioned, based infeiioily, and turned anteilorlv With a bur some of 
tlie posterioi canal wall wns taken down until the pedicle could be seen 
clenily A sturdv attic hook was (lien passed deep to the osteoma The 
tumoi was dislodged, UBing a mallet and cuived gouge and delivered 
witli the hook There was much epithelial debiis impacted beneatli tills 
Tlie tympanic membiane was noimal The uppei aim of the endaural 
incision was closed, tlie external cuff was thinned and replaced and tlie 
canal was packed witli a fingei cot filled witli vaseline gauze A mastoid 
diessing was applied 

The diessing and packing weie lemoved in tlnee days, and the canal 
was healed in tlnee weeks Postopeiative audloginm revealed noimal 
heai ing 

Cast /> A 23yeai old white male wns lefened because of a foui month 
lilstoiy of wax impacted in the right eai with subsequent infection of the 
canal Examination levealed a pedunculnted bony giowth attached 
antero supei ioi Iy to the bone of the light external canal supei ficial to 
the isthmus, with less than onethiid of the noimal lumen lemaining 
Tlie lieaiing was noimal despite a laige plug of ceiumen 

The osteoma was removed undei endotiacheal anesthesia* A small 
stuidy attic hook was placed deep to the lesion A tap on a cuived gouge 
the blade of which had been placed at tlie pedicle lesulted in sepaiation 


•Surge! y performed bv Colonel I dwurd J VVhilolov 
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of the tumor It was delivered with the hook. There was no bleeding 
The tumor had been attached to the tvmpano squamous suture The ceru 
men plug was removed revealing a normal tvmpanie membrane Gelfoam 
was placed m the canal and removed in one da\ The canal healed within 
a week 


SUMMARY 

An osteoma of the external auchtoiy canal, although not 
common, is not extiemely laie It must be diffeientiated 
fiom multiple exostoses, which aie common These two 
lesions have been defined and discussed fiom the standpoint 
of symptomatology and tieatment 

An osteoma of the external auditoiy canal is always a 
suigical pioblem Foui cases aie leported 
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AN ELECTROPHYSIOLOGIC PROCEDURE FOR 
DETERMINATION OF AUDITORY 
THRESHOLD IN CHILDREN * 

Frank B Withrow, Jr , 
and 

Robert Goldstein,! 

St Louis, Mo 

Seveial electiophysiologic indices have been used m clinical 
audiometiy in the attempt to deteimme auditoiy thiesholds 
m adults and childien who cannot 01 will not lespond ade¬ 
quately duimg conventional audiometnc tests which use 
conditioned behavioial iespouses The most commonW used 
electiophysiologic index is some change m electnc chaiactei- 
lstics of the skm in lesponse to auditory stimulation (electio- 
deimal lesponse 01 EDR) This change, piesumably mediated 
pumaiily by the activity of the sweat glands of the skm, can 
be demonstiated by alteiations in impedance to flow of electnc 
cuilent 01 by alteiations m electnc potential between two 
points on the skm Anothei index employed clinically is a 
change m the pattern of electnc activity of the biam m le¬ 
sponse to auditoiy stimulation (electioencephahc lesponse, or 
EER) 

The pnncipal value of auditoiy tests which use EDR and 
EER in lesponse to sound as mdieatois of "healing” is the 
information which they can contnbute beyond that to be de- 
nved fiom obseivmg behavioial lesponses Consequently, 
it is desnable that judgment of a change m an electiodeimo- 
giam, 01 an electioencephalogiam, as a lesponse to a particu- 
lai auditoiy stimulus be independent of the testei’s knowledge 
of the stimulus and of the patient’s overt behavioi dm mg 
stimulation It is also desnable that thieshold be estimated 

•This stud\ "as supported b> a Grant (B-210) to Central Institute for 
the Deaf from the National Institute of Neurological Diseases and Blind¬ 
ness of the National Institutes of Health 

tNo" Research Associate Department of Otolar' nproloftj The Jewish 
Hospital of St Louis 

Editors Note This manuscript recel'ed In The Larjnposcope Office and 
accepted for publication Feb 10 1958 
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fiom the disti ibution of lesponses on the basis of piedetei- 
rarned cuteria, just as it is m the moie conventional audiomet- 
11 c pioceduies 

The pioceduie developed bv Stew ait 13 and elaboiated clin¬ 
ically by Doerflei and McCluie 0 satisfi the conditions men¬ 
tioned m the pievious paiagiaph Then pioceduie, howevei, 
lequnes some pnoi knowledge of a patient’s auditoiy sen¬ 
sitivity in ordei, 1 to find a level at winch a stimulus is 
defimtelv audible foi a pielimmary conditioning penod, and 
2 to establish a limited lange of intensities within which 
then auditoiy stimuli can be landomly oideied Consequent¬ 
ly, Doerflei and McCluie did not deteimme tlnesholds in¬ 
dependent of any knowledge of behavioial lesponses, thev 
confmned that thieshold lay wntlnn a lange pieviouslv 
established by behavioial lesponses 

Pieliminaiy determination of an appioximate thieshold is 
usually difficult with the paiticulai adults foi whom electio- 
phvsiologic tests aie most necessary It is even moie difficult 
w r ith veiy young clnldien, and with childien who aie mentally 
letaided, emotionally distuibed, oi aphasia. 

The puipose of this papei is to descube anothei pioceduie 
foi deteimmation of auditoiv tlnesholds using both EDR and 
EER as mdicatois of “heaung,” and to leport lesults of at¬ 
tempts to use this pioceduie to assess the heaung of some 
clnldien with auditoiy disoideis 

SUBJECTS 

The subjects foi this study w r eie diawm fiom the clnldien 
emoiled m full-time classes at Cential Institute foi the Deaf 
(CID) These childien lepiesent a cahbiated sample, in a 
sense, because then heaung has been evaluated yeaily since 
then emollment at CID 

Apparatus * 

Tlie appaiatus used in this studv was descubed bv Chaian 
and Goldstein 3 The stimulating appaiatus consisted of an 

•The basic apparatus i\as a gift of the Childrens Research Foundation 
St. Louis Mo 
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audiometei and a device foi applying electnc shock Sound 
was dehveied monauially eithex thiough eai phones held in 
place by a headband, 01 thiough heaiing-aid type eai phones 
held m place m the eai canal with the childien’s own eaimold 
If the child did not have his own earmold, a stock-mold was 
used, and it was taped m place to minimize acoustic leaks 
and to pi event its falling out of the canal It is piefeiable 




Fig 1 Sample electroencephalograms from the record of subject T> 
during his EER-Audlo The line under each strip Indicates the duration 
of the auditory stimulus (approx. 5 sec ) A and B Early stages of test 
child awake C and I) child asleep Note clear electroencephallc re¬ 
sponses In B C and D 


to use the heaiing-aid type eai phone m the EER-Audio poi- 
tion (to be descubed) duung which the child is asleep These 
smaller earphones, without a headband, aie less likely than 
the laiger eai phones, 1 to mterfeie with the comfoit of the 
child’s head during sleep, 2 to mterfeie with the EEG 
electiodes attached to the child’s scalp, and 3 to loosen and 
to allow acoustic leaks 

The lecoidmg appaiatus was a Glass foui-channel electio- 
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encephalogiapli The electaoeneephalogiam (EEG) was le- 
coided by conventional pioceduies 0 The usual electiode 
placements weie vaned, howexei, accoidmg to a suggestion 
by Deibyshne, 3 so that the panetal lead was placed slightly 
postenoilv and the tempoial lead was placed m a position m 
fiont of the usual panetal location The cential leads fiom 
botli sides weie, theiefoie, bunched closely togethei neai the 
top of the head Fig 1 shows the placement of the electiodes 
as well as a sample of the kind of leeordmgs obtained fiom 
them The electiodes weie attached to the head on poitions 
of the scalp pi eviously cleaned v ith alcohol Bentonite paste 0 
msuied satisfactoiy contact between the electiode and the 
scalp The electiodes weie held m place with adhesive tape 

The electiodeimogiam (EDG) was lecoided on one chan¬ 
nel of the electioenceplialogiaph This method of leeoidmg 
has been descubed by Mays, 10 and by Goldstein, Ludvig and 
Naunton" In the piesent study, leeoidmg electiodes weie 
taped to the tips of two fingeis of the left hand The shock 
electiodes weie attached to the calf of the left leg 

PROCEDURE 

EER-Audio 8 

The EER-Audio is performed when a child is asleep It is 
desnable that the childien be tested m the evening oi dining 
legulai nap-time, so that advantage can be taken of natuial 
sleep whenevei possible When a child does not go to sleep 
natuially, he can be lightly sedated The childien m this 
study weie given Seconal oi Nembutal oially, undei a neuiol- 
ogist’s supervision 

The test consists of 96 stimulus-conditions divided into six 
similai senes of 16 A sample senes is shown in Fig 2 
Six diffeient senes aie used to pievent madveitent memonza- 
tion of the sequence of stimuli m any senes The oidei m 
which the six senes aie piesented to any child is also landom- 
lzed The stimuli aie tones of 500 c p s oi 2000 c p s with a 
duiation of five seconds Each fiequency is piesented at 
thiee diffeient intensities conespondmg to the audiometnc 
levels of 10, 50 oi 90 db heanng-loss If his geneial be- 
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havioi indicates that a child has noimal 01 neaily noimal 
auditoiy sensitivity, the lange of intensities can be lestucted 
to 10, 40 and 70 db heaiing-loss If theie is any doubt what- 
soevei, the bioadei lange of 10, 50 and 90 db heaiing-loss is 
used 

The combination of two frequencies and thiee intensities 
m both eais makes a total of 12 stimuli Randomly scatteied 
among these 12 stimuli aie foui contiol-mteivals, te, foui 


No 

Ear 

Frequencj (In c p s ) 

Hearing-Loss (db ) 

I 

R 

2000 

10 

2 

L 

2000 

90 

3 

R 

2000 

90 

4 

Li 

2000 

10 

5 

L 

5 00 

90 

6 


CONTROL 


7 

L 

500 

10 

S 

L 

500 

50 

9 

L 

2000 

60 

10 


CONTROL 


11 

R 

500 

90 

12 


CONTROL 


13 

R 

2000 

50 

14 

R 

500 

10 

15 


CONTROL 


16 

R 

600 

60 


Fig 2 One of the series of stimuli used In the BEB-Audlo The other 
file series liai e Identical stimuli but in different sequences 


times a stimulus-maik is lecoided on the electioeneephalo- 
giam when no auditoiy stimulus is piesented to the child A 
numbei conesponding to the Older of the stimulus oi contiol 
m the pie-arianged schedule is placed by each stimulus-maik 
A minimum of 25 seconds is allowed to elapse between stimuli 
It is not always possible to complete all six senes When a 
child awakes and will not go back to sleep or lelax quietly, 
the test is discontinued 

The lecoids aie not analyzed until aftei the test is com¬ 
pleted 

EDR-Audio 8 

The EDR-Audio is pel formed when the child is awake, 
eithei m the morning while he is alert, oi m the afternoon 
aftei he has napped 
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This test, like the EER-Audio, consists of 96 stimuli, divided 
into six similai landom senes of 16 stimuli, and the stimuli 
aie 500 cps oi 2000 cps tones of five seconds duiation 
(see Fig 3) Each fiequency is piesented at foui diffeient 
intensities conespondmg to the audiometnc levels 20, 40, 60 
and 80 db heanng-loss Two fiequencies and foui intensities 
m both eais make a total of 16 stimuli foi each senes It is 
not necessaiy to use conti ols in the EDR-Audio because of 


No 

Ear 

Frequence (In cps) 

Hearlng-LoBS (db ) 

Shock 

i 

L 

500 

20 


2 

L 

500 

40 


U 

R 

2000 

SO 

+ 

4 

R 

500 

SO 


5 

R 

2000 

60 

+ 

6 

R 

500 

40 

+ 

7 

L 

2000 

20 

+ 

8 

R 

2000 

40 


9 

L 

2000 

40 

+ 

10 

L 

500 

60 


11 

R 

500 

60 

+ 

12 

L 

2000 

80 

+ 

13 

R 

2000 

20 


14 

L 

2000 

60 


15 

L 

500 

80 


16 

R 

500 

20 

+ 

Pig- 3 

One 

of the series of stimuli used 

In the EDR- Xudio The 

othei 

live series 

ha\ 

e Identical stimuli but in different sequences 



the mfiequency of landom changes with the appiopnate 
latency, time-couise, and amplitude, which may be mistaken 
foi lesponses to auditoiy stimuli 

One-half of the 16 stimuli aie followed by annoying electnc 
shocks, legardless of the intensity of the auditoiy stimulus 
Because it is not lequned that shocks follow tones which aie 
unquestionably audible, theie is no need to have pnoi knowl¬ 
edge of an appioximate heanng-loss We do not have ceitam 
knowledge as to what effect the use of shocks with inaudible 
tones will have on conditioning oi lesponsiveness in geneial 
We have had some expenence with adults, howevei, which 
indicates that shocks not preceded by audible tones do not 
depiess lesponsiveness appieciably 

As m the EER-Audio, only a numbei is placed by the 
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stimulus-maik coi responding to the oidei of the stimulus m 
the pie-airanged schedule The lecoids aie analyzed aftei 
the test is finished 

The EER-Audio is usually admimsteied fust, because the 
test involves no discomfort foi the child, and he is not re¬ 
luctant to leturn foi the EDR-Audio Generally, it is moie 
difficult to secuie the cooperation of a child foi the EER- 
Audio aftei he has been subjected to the shocks m the EDR- 
Audio 


ANALYSIS OF THE RECORDS 

The lecoids aie analyzed after the electrophysiologic tests 
aie completed The only maiks on the electioencephalograms 
and electrodermogiams othei than the tiacmgs themselves 
aie, 1 the vauous stimulus-marks, and 2 a numbei along¬ 
side of each maik conespondmg to the oidei of the tone oi 
conti ol in the pi e-ai ranged schedule The testei can note in 
a sepai ate piotocol the oveit behavioi of a child m response 
to a stimulus Judgments of lesponses to all 96 stimuli, or 
contiols, aie made before lefemng to the schedule 

EER-Audio 

Judgment of the piesence of an electioencephalic lesponse 
to a tone depends solely on how much the EEG pattern m oi 
following the five seconds duung which the tone is presented 
diffeis from the preceding pattern Deibyshne and his co- 
woikers* have descnbed the kinds of changes which can 
occui m lesponse to a tone Fig 1 shows samples of electio¬ 
encephalic lesponses fiom one of the childien m this study 
(Subject D) 

Although not all responses can be judged with equal cer¬ 
tainty, a simple “yes” oi “no” decision is made for each stimu¬ 
lus Responses to the 96 stimuli, oi controls, aie tabulated 
accoidmg to the scheme shown m Figs 4-10 

EDR-Audio 

Judgment of the presence of an electrodermal lesponse to a 
tone depends primarily on the latency of a change m the 
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impedance 01 potential of the skin following the onset of the 
tone The aveiage latency is veiy close to 21 seconds 
Changes with latencies less than 1 5 seconds, oi gieatei than 
3 0 seconds, aie disiegaided unless a child consistently le- 
sponds outside this lange Changes of impedance oi potential 
within this pei lod usually are lai gei than the l andom changes, 
and usually leach maximum in a shortei time than do the 
iandom changes Responses to the 96 stimuli aie tabulated 
in the same way as descubed foi the EER-Audio 

ESTIMATION OF THRESHOLD OR HEARING-LOSS 

In a plot of behavioial lesponses as a function of intensity 
elicited by conventional audiometnc pioceduies, one ordi¬ 
nal lly finds a point of zeio lesponses, a point of 100 pei cent 


TABLE I CRITERIA FOR ESTIMATION OF THRESHOLD 


Number of responses to six 
i m „ r of false-posltlves stimuli to be signiflcantli • 

In control-lntert als_ _ _more than faise-posltit eg 


0 

1 

2 

3 

4 

5 

6 
7 
S 


*"* P er cent le\ el of a one-tailed distribution 


2 

2 

3 

3 

4 
4 

4 

5 
5 


lesponses, and a sigmoid curse describing the locus of the 
intermediate points The 50 per cent point is usualh chosen 
as threshold 

The cuiwe describing the fiequencv of electropin siologic 
responses as a function of the intensity of the auditor,' stimu¬ 
lus usually does not have a zeio point or a 100 per cent point, 
and the locus of the intermediate points is not certain A piac- 
tical zero can be established for each individual, howe\er, 
from the lelatne number of false-positn es m the control- 
internals The false-positives may be the lesult of faults 
judgment during analysis of the records, oi the result of an 
actual response to some extraneous stimulus Experience 
has shown that the number of false-positn es m the EDR- 
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Audio is small, thus, piactical zeio is not very diffeient fiom 
hue zero In the EER-Audio, the peicentage of false-positives 
is somewhat laigei 

Statistical calculations 13 piovide a cuteiion foi deteimm- 
mg the stimulus-level at which significantly moie lesponses 
than false-positives occur (see Table I) This cntenon is 
based on the 5 pei cent point foi a one-tailed test The 
weakest stimulus-level at which this cntenon is met is le- 
gaided as (01 above) the subject’s threshold 

Because theie aie no conti ol-mteivals m the EDR-Audio, 
estimates of thieshold aie made conservatively One can 
assume that theie would have been a maximum of two 01 
thiee false-positives if 24 conti ol-mtervals had been used 
Thus, m the EDR-Audio there must be at least thiee responses 
to six stimuli at a given level to indicate “heanng” at that 
level 

The following section describes the results of attempts to 
confnm the above cntena for thieshold Foi this purpose 
we have chosen some children from the full-time classes at 
Cential Institute foi the Deaf, who have been tested repeated¬ 
ly by conventional audiometiy, and have shown the same 
audiogiam over a penod of seveial yeais We shall also 
descnbe the attempts to apply these cntena to the detei ruina¬ 
tion of hearing-losses m some childien foi whom conventional 
piocedures produced inadequate oi conflicting lesults Al¬ 
though the audiometnc lecords weie on file, we had no 
knowledge of the audiograms of any of the childien before 
they were tested The results of the electiophysiologic and 
the conventional tests weie compaied only aftei the lecoids 
from the electiophysiologic tests had been analyzed 

RESULTS 

The following examples will show how the application of 
the above cntenon seived to determine the heanng-loss with¬ 
in ±10 db of thiesholds pieviously determined by conven¬ 
tional audiometry 
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ESS-ADBID 


HearlnK Loss Right 

Left 

natric sero) 500 2000 500 2000 

10 (-4-4—1 pm c 

500 2000 
—iz rmo 

L 1 1 1 till | 

Right >40 <70 >70 

—i_ LTU 

^ EH FFH ' 70 >7 ° F 

t=r c=n 

70 | 



3 falae-positiTes in 24 control-intervals 


edh-atoio 


Hearing Loss 
(db re audio- 
cetric zero) 

20 


40 

60 


80 


Right 

500 2000 



Conbined Results of ESH-Audio 
__ _ and SDR-Audio _ 


500 2000 

Right >40 <60 >90 

L«ft >40 <60 >70 <80 


Left 


500 2003 


500 2000 


Right >40 <60 >80 

Left >40 <60 >60 <80 



Conventional Audioretrr 


500 

2000 

Right 

55 

100 

Left 

55 

75 


indicates a response to auditory stimulus 
SUBJECT L 

Figr 4 Plot of responses from the EER.-Audio and EDP-Audio for 
Subject 

A 13 yeais old (see Fig It) 

Because a lelativelv small heaiing-loss was suspected on 
the basis of general behavioi, the hearing-losses of 10, 40 
and 70 db (re audiometnc zero) weie used m the EER- 
Audio instead of 10, 50 and 90 db ordmarih recommended 

There was not sufficient mtensits at 70 db hearing-loss 
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eer-audio 

Hearing; ,I^3 b Right Left 

\ db re audio- - 

metric zero) 500 2000 500 2000 500 2000 

10 Bffl ss ,*** >w ra ra 

*» BfflfiB “* ' 7 ° >w <7 ° B33 CT 

7° HR HH HB EH 

1 false-positive in 21 control-intervals 


EDR-AUDIO 



10 




Right >10 <60 >10 <60 
left >10 <60 > 6 O <80 


left 

500 2000 




EEB EEB 




Combined Result a of EER-Audio 




-Audio 

Convent 

ionsl 

Audiometry 


JOO 

2000 


m 

2000 

Right 

>10 <60 

>10 <60 

Bight 

50 

50 

Left 

>10 <60 

>70 <80 

Left 

50 

55 


H Indicates a response to auditory stimulus 
SUBJECT B 

Fi§r 5 Plot of responses from the BER-Audlo and EDR-Audlo foi 
Subject B 

to elicit thiee responses to 2000 cps deliveied to eithei eai 
The lesponses to 500 cps weie sufficiently fiequent so that 
on the basis of the EER-Audio alone, this child's heai ing¬ 
losses weie 




600 

2000 

Right 

.. >40 

<70 db 

>70 db 

Left 

>40 

<70 db 

>70 db 
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Accoidmg to the EDR-Audio his heai mg-losses weie 



500 

2000 

Right _ >40 

Left_____ >40 

<60 db 
<60 db 

>S0 db 
>60 <S0 db 

The combined lesults of EER-Audio and 
dicated the heai mg-losses to be 

EDR-Audio m- 


500 

2000 

Right ---->40 

Left--_>40 

<60 (55) db 
<60 (55) db 

>80 (>100) db 
>70 <S0 (75) db 


The numbeis in paientheses aie the heaiing-losses detei- 
mmed by conventional audiometry bv othei examiners with 
othei equipment 


B 11\ yeais old (see Fig 5) 

Again, because only a model ate heai-loss was suspected, 
intensities conespondmg to 10, 40 and 70 db heaiing-loss 
weie used On the basis of our ciitenon, the child’s hearing- 
losses according to the EER-Audio weie 




500 


2000 

Right 

>40 

<70 db 
<70 db 

vv 

4* yU 
O O 

<70 db 
<70 db 

Left__ 

_ __>40 


Accoidmg to the EDR-Audio the heai mg-losses weie 




500 


Right 

>40 

<60 db 
<60 db 

>40 <60 db 

>60 <80 db 

Left _ 

.. _ >40 

The combined lesults of the EER-Audio 
indicated the heaung-losses to be 

and EDR-Audio 



500 

2000 

Right _ 
Left_ 

--- >40 

- _ >40 

<60 (50) db 
<60 (50) db 

>40 <60 (50) db 

>60 <70 (55) db 


The numbers in paientheses again lepiesent the heai mg- 
losses fiom conventional audiometry performed bj othei ex¬ 
aminers with othei equipment The disci epancy (appioxi- 
mately 10 db ) between the tlnesholds deteimmed electio- 
physiologically and psvchophvsically foi 2000 c p s in the left 
ear is not appieciably moie than can be expected fiom dif- 
feiences in calibration between the two audiometeis oi fiom 
test-i etest lehabilitj 
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EER-MJDIO 

Hearing Lose Eight Left 

(db re audio- - 

metric zero) 500 2000 500 2000 500 2000 

” CT ra „ t!ht >w <70 >w <70 SB ES 
» BE BB ' ?0 >Md ” FFH 

hbIeh 

1 false-positive in 21 + control-intervals 




H indicates a response to auditory etimilus 
SUBJECT B. 

Fig: 6 Plot of responses from the DDK-Audio and KDR-AUdio for 
Subject B 

to elicit thiee lesponses to 2000 cps deliveied to eithei eai 
The lesponses to 600 cps weie sufficiently fiequent so that 
on the basis of the EER-Audio alone, this child’s heazing¬ 
losses weie 

_ 500 

>40 <70 db 

„>40 <70 db 


Right 

Left 


2000 
>70 db 
>70 db 
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According to the EDR-Audio his heaung-losses veie 


500 


Right- ->40 <60 db 

R« ft -->40 <60 db 

>80 db 
>60 <80 db 

The combined lesults of EER-Audio and 
dicated the heaung-losses to be 

EDR-Audio in- 

500 

2000 

Right-->40 <60 (55) db 

Left- -> 40 <60 (55) db 

>80 (>100) db 
>70 <80 (75) db 


The numbers m paientheses aie the heaung-losses detei- 
mmed by conventional audiometry bv other examiners with 
othei equipment 


B Hi years old (see Fig 5) 

Again, because only a modeiate heai-loss was suspected, 
intensities corresponding to 10, 40 and 70 db heaimg-loss 
weie used On the basis of oui cuteiion, the child’s hearing- 
losses according to the EER-Audio weie 

_ 500 _ 2000 _ 

>40 <70 db >40 <70 db 

>40 <70 db _ >40 <70 db 

Acc oidmg to the EDR-Audio the hearing-losses weie 

_ 500 _ 2000 _ 

>40 <60 db >40 <60 db 

>40 <60 db _ >60 <S0 db 

The combined lesults of the EER-Audio and EDR-Audio 
indicate d the heaung-losses to be 

_ 500 _ 2000 

>40 <60 (50) db >40 <60 (50) db 

>40 <60 (50) db >60 <70 (55) db 

The numbers in paientheses again lepiesent the heaung- 
losses from conventional audiometrv pei formed bv othei ex¬ 
aminers vith othei equipment The discrepancv (appioxi- 
mately 10 db ) between the thiesholds determined electro- 
phvsiologically and psjchoplnsicalh foi 2000 cps in the left 
ear is not appreciably moie than can be expected fiom dif¬ 
ferences in calibiation betveen the tvo audiometeis oi fiom 
test-i etest lehabilitj 


Right 
Left _ 


Right 

Left 


Right _ 
Left_ 
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EER-AUBIO 


Hearing Lobs 
( db re audio- 
metric toro) 


Right 

500 2000 


10 EEF H-H 
50 B=P HEP 
90 gp BB 3 


500 2000 

Right >90 >90 

Left >90 >50 <90 


Left 

500 2000 

EEP ffl 3 


X false-positive in 20 control-intervals 
EDR-AUDIO 


Hearing Loss Right 

(db ro ail'd! oi- 

metrlc tero) 500 2000 


20 -- 

4° (■ -{-(--j 

60 | |- " J | - _ | — 

Comhinod Results of EER-Audio 
and EDR-Audlo 


500 2000 

Right >60 <80 > 80 

Left >60 <80 >80 


500 2000 
EES EEB 


Convent!onal_Audioaet 


500 

2000 


500 

2000 

>60 <80 

> 90 

Right 

85 

100 

>60 <80 

> 90 

Loft 

70 

100 


H indicate** a reaponoe to auditory stimulus 
SUBJECT C 

Pipf C Plot of rcsponacs from Iho RER-Audlo nml RDR-Audio for Sub 
joct C 

C yeais old (see Fig 6) 

Only five instead of the usual six senes weie given m 
the EER-Audio, because this child awoke befoie the end of 
hei test On the basis of thiee lesponses to five stimuli as 
the cntenon foi "heaiing,” this child's healing-lo sses weie 

E00 2000_ 


Right - - >90 db >90 db 

Left - >50 <90 db >90 db 
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The six senes of the EDR-Audio weie completed The 
hearing-losses accoidmg to this test veie 




500 

2000 

Right__ . 

__>60 

<80 db 


Left_ 

>60 

<S0 db 



The EDR-Audio showed “healing” m the light eai foi 
500 c p s at the 90 db level, the EER-Audio did not 


The following are the heanng-losses based on both the 
EER-Audio and EDR-Audio combined, along with the find¬ 
ings from conventional audiometiy (in paienthesis) 




500 


2000 

Right _ _ _ 

Left__ 

_ _ >60 
>60 

<80 (So) db 
<80 (70) db 

>00 

>90 

(>100) db 
(100) db 


The discrepancy (approximately 10 db ) between the find¬ 
ings determined electiophysiologically and psychophysically 
for 500 c p s m the right eai is not appreciably gieatei than 
diffeiences m calibration oi test-ietest reliability 

D 10 years old (see Fig 7) 


On the basis of our cntena, this child’s heanng-losses ac¬ 
cording to the EER-Audio weie 




500 


2000 

Right _ _ 

>10 

<50 db 

>50 <90 db 

Left ... 

.>60 

<90 db 


>90 db 

According to the EDR-Audio 

his heanng-losses 

weie 



600 


2000 

Right. .. 

>40 

<60 db 


>80 db 

Left _ _ _ _ 

>60 

<80 db 


>80 db 

The hearing-losses based on 

both tests and 

the 

! lesults of 

conventional audiometiy ( 

m parentheses) aie ; 

as follows 



600 


2000 

rugEt i —— n — r-: 

. >40 

<50 (35) db 

>80 

<90 (95) db 

Left . . . 

>60 

<80 (75) db 

>90 

(>100) db 


There aie two minor discrepancies (approximately 10 db ) 
between electiophysiologically and psychophysically detei- 
mmed thiesholds foi 500 cps and 2000 cps in the rigid 
eai As in the cases previously cited, these disci epancies c m 
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EER-AUDIO 


Hearing Loss Right 

\db re audio- “ 

metric lero) 500 2000 


10 


left 


500 2000 

Right >10 <50 >50 <90 


500 2000 


50 

90 



3 falae-poeitiTes in 24 control-intervals 


raBB 


EDR-AtIDIO 


Hearing Loss 
(db ro audio- 

metric aero) 500 2000 


20 

40 


EH3 HEB 


500 2000 

Right >40 <60 >80 

Left >60 <80 >80 


500 2000 

f n~| I III 

fcfco tto 

EEB SB 





Combined Resulta of EER-Audio 

_ and EDR-Audio _ Conventional Audiometry 



.520 

2000 


500 

2000 

Eight 

> <50 

>80 <90 

Right 

45 

95 

Left 

> 60 <80 

>90 

left 

75 

100 


Indlcatea a response to auditory stimulus 
SUBJECT 1 

rih 7 Plot of reaponsix from the FER-Audlo nml PDIt-Avullo for Sub 
ject Tr 

be accounted foi bv diffeiences m cahbiation 01 by test- 
letest lehability 

The piecedmg “cahbiated” examples not only confnm a 
ciiteuon foi thieshold denved fiom theoietical consideia- 
tions, but also allow an estimation of the fiequency with 
which judgments of false-positives aie made In the EER- 






WITHROW &. GOLDSTEIN AUDITORS THRESHOLD 


1689 


Audio of each of the pieeeding instances, theie veie 3 m 24, 
1 in 24, 1 m 20, and 3 m 24, xespectivelv, false-positives in 
the contiol-mtervals If stimuli below each child’s thieshold 
aie consideied as contiols, a similai fiequency of false-posi- 
tnes is noted 4 in 60, 3 m 48, 2 in 60, and 6 in 48, lespective¬ 
il On the basis of these foui examples, one may expect 
anywheie fiom 4 to 13 pei cent false-positives with the 
EER-Audio 

In the EDR-Audio, these same childien gave the following 
numbei of false-positives to stimuli belov then thiesholds 
0 m 66, 2 in 48, 2 in 84, and 8 m 78, lespectivelv On the 
basis of these foui childien, an obseivei should expect to 
judge fiom 0 pei cent to 10 pei cent false-positnes m the 
EDR-Audio This is eompaiable to about 2 pei cent false- 
positives found in anothei study on noimal adults 

The data reported heie is tvpieal of that found in success¬ 
ful tests with coopeiative patients, but it should be emphasized 
that the EER-Audio and EDR-Audio aie not alv a vs so suc¬ 
cessful as m the foui cases just descubed 

In the following examples, varying degiees of success weie 
achieved, and certain modifications in the cuteiion foi thiesh¬ 
old weie made in oidei to salvage some usable mfoimation 
fiom the tests 

E 8 years old (see Fig 8) 

Because theie weie no false-positives in the 24 contiol- 
mtervals of the EE R-Audio, only tvo lesponses to six stimuli 
weie lequiied to establish thieshold On this basis the heai- 
mg-losses foi this cluld v ei e 
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In the EDR-Audio theie weie no definite EDRs to anv of 
the 96 stimuli What is plotted in the analysis of the EDR- 
Audio in Fig 8 weie the only definite oveit lesponses observed 
duung the test On the basis of these overt lesponses, the 
heaung-losses were 
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All responses were overt 
There wore no EDR 




Conventional Audiometry 
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Indicates a response to auditory stimulus 


SUBJECT E 

Fig" 8 Plot of responses from the EER-Audio and EDR-Audlo for 
Subject E 


500 

2000 

Right — _ >60 <80 db 

Left - -__ >60 <80 db 

>80 db 
>80 db 

On the basis of the evidence fiom both tests, 
losses were estimated to be 
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Because the range of heaiing-losses fiorn the EER-Aucho 
coincided with the lange of heaiing-losses estimated fiom 
overt lesponses m the EDR-Audio, the heanng-losses could 
be leported with consideiable certaintv The findings allowed 
us to lesohe a diffeience in educational lecommendations 
based partially on diffenng pm e-tone audiogiams Initially 
it was believed that this child had onh a mild healing-loss, 
and it was lecommended that he be educated as an aphasic 
child His educational development, howe\ ei, vas like that 
of a deaf child, and latei audiogiams deteinuned bv con- 
lentional audiometiv, though they had been lepoited with 
qualifications, weie conflimed bt the abote estimate of 
heanng-loss fiom the electioplnsiologic tests 

F 8 yeais old (see Fig 9) 

In the EER-Audio theie veie at least tluee lesponses to 
sl\ stimuli only foi 2000 cps in the light eai, at 50 db 
heanng-loss, theie was only one lesponse at 90 db heanng- 
loss To the six stimuli of 2000 cps at 50 db heanng-loss m 
the left eai, theie veie tvo lesponses, at all otliei fiequencies 
and intensities thei e \\ ei e one oi no i esponses One might 
have assumed fiom the pattern of lesponses that the heanng- 
losses weie 
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>90 db 

>10 

<50 db 

Left_ 

_ >90 db 

>10 

<50 db 


Such a pattern, liovetei, is raielv, if evei, seen clinically 
and m this instance \\ as not consistent i\ ith the child's usual 
leactions to sound In addition, the total of 11 lesponses to 
all 96 stimuli is not significantly moie than the two false- 
positives in the 24 conti ol-mteivals Our assumption, theie- 
foie, was that the child’s hearing-loss was gieatei than 90 
db foi 500 cps and 2000 c p s m both eais 

In the EDR-Audio theie weie no lesponses to the 96 stimuli 
used eithei because this child was paiticulailv difficult to 
condition, oi because the sound m as not sufficiently intense to 
elicit lesponses We tested these possibilities at the end of 
the legulai EDR-Audio by piesenting sounds exceeding the 
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indicates a response to auditory stimulus 


SUBJECT F 

Fig 9 Plot of responses from the EER-Audio and EDR-Audio for 
Subject F 


intensity for 90 db heaiing-loss The child consistently gave 
EDRs to these lattei sounds 

The lack of electrophysiologic lesponses below the 90 db 
heaiing-loss was m accord -with his limited reaction to sound 
fiom the gioup heaung-aid in his classroom The findings 
weie also m accord with conventional audiometry (reported 
with limited ceitamty), and helped to lesolve a diffeience m 
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indicates a response to auditory stimulus 


SUBJECT Q 

Fig 10 Plot of responses from the EER-Audio and EDR-Audio for 
Subject G 


educational lecommendations similai to the pievious case 
(Case E) 

G 6 yeais old (see Fig 10) 

Fiom the distubution of lesponses shown in Fig 10, it 
is obvious that a heaimg-loss based on the EER-Audio 01 
EDR-Audio would have questionable validity In addition, 
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the occunence of a false-positive foi eveiy thiee controls m 
the EER-Audio lequnes five lesponses to six stimuli as evi¬ 
dence foi heaung at a given stimulus-level This criterion 
is met only at the 90 db level foi 2000 c p s m the left eai 

Theie aie slightly moie EER and EDR to stimuli m the left 
eai than m the light In the EER-Audio there is a small 
tendency for moie lesponses to the moie intense sounds than 
to the weakei sounds Neither tiend appears significant 

Conventional audiometry was relatively unsuccessful, and 
although the EER-Audio can be consideied partially con- 
fnmative of the heaung-losses that weie estimated, attempts 
to measuie hearing-loss by electrophysiologic techniques weie 
actually unsuccessful 


DISCUSSION 

The pioceduies outlined m this papei appear to satisfy 
some of the lequnements foi objectivity the lesponse- 
mechanism is not dependent upon the active cooperation of 
the subject, no special vanation in proceduie is lequired foi 
each patient (although the intensity lange can be compiessed 
if desired), and heaung-losses can be estimated on the basis 
of a previously established criterion The electiophysiologic 
tests aie also independent m that they lequne no pnoi knowl¬ 
edge of a patient’s auditoiy behavioi and no knowledge of a 
patient’s overt behavioi dunng the test 

The objectivity and independence of the test does not compel 
the testei to ignoie the overt behavioi of the patient This 
behavior can be recoided m a separate protocol (cf example 
E m section on results) and then be i elated to the results of 
the electrophysiologic test Likewise, the lesults of othei at¬ 
tempts to measuie hearing-losses thiough behavioial lesponses 
can be compared with the lesults of the electrophysiologic 
tests We endorse the view 11114 that electrophysiologic tests 
should supplement, not supplant, the conventional methods of 
measunng heaung-loss 

On the basis of our own clinical and expenmental experi¬ 
ence, we believe that many of the EDR we elicit are uncon- 
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ditioned, certainly all of the EER dm mg sleep aie uncon¬ 
ditioned We belie\e that we aie able to maintain a lelativelr 
high rate of lesponses because of the vanation m stimuli 
which is a consequence of the landom schedule When the 
stimuli aie \aned with lespect to frequency, intensity and 
eai, each stimulus tends to be somewhat novel and thus acts 
as an unconditioned stimulus 

( 

Because so little adaptation of the pioceduie is needed foi 
each patient and because of the lelative simplicity of the task 
of analysis, a testei need ha\e little experience with electro¬ 
pin siologic techniques to admmistei these tests successfully, 
providing that he has a good undei standing of the geneial 
principles of clinical audiometi\ Audiologists with virtually 
no preyious experience with eitliei the EER-Audio 01 EDR- 
Audio hare alieady used these techniques successfully m oui 
clinics 

The proceduies descubed m this papei aie not intended to 
be defmitn e 01 final, but lathei to be a prototype for electro- 
phrsiologic proceduies foi determination of heaiing-losses 
Since the prepaiation of this papei, we have already tiled 
certain modifications m the piocediues Foi instance, m the 
EDR-Audio we aie testing the feasibility of using intensities 
corresponding to 20, 60 and 100 db hearing-loss instead of 
the 20, 40, 60 and SO db piesentlr used This change may 
serve to leduce the time of the test and make it moie likely 
to elicit responses fiom profoundly deaf clnldien 

Much expei rmental work is needed to pioduce lefmements 
that wall insure more success with any particulai pioceduie 
Such factors as the optimum duration of the stimulus and the 
optimum length of time between successire stimuli need to 
be investigated, as well as such technical aspects as contiol 
of the level of sleep, most satisfactory location of electrodes, 
and automatic analysis of recoids 

The results we have obtained indicate that oui procedures 
can be used practically Although we have presented results 
of oui tests on children, there is no leason to believe that 
these tests could not woik just as satisfactoillv with adults 
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necessary to stimulate the auditoiy neive to make it delivei 
enough impulses to the cential neivous sjstem to initiate two 
particulai kinds of lesponses The thiesholds lepoited, 
theiefoie, piobably lepiesent the minimum stiength of sound 
to which a child is oiganicallv capable of lespondmg 

When a child is tested by both the EER-Audio and EDR- 
Audio, tlieie is a gieatei piobabihty of obtaining a ceitam 
estimate of a small lange (±10 db ) within which the heanng- 
loss lies than w hen only one of the tests is given Nevertheless, 
v r hen either test is successful, it is possible to obtain a lange 
foi the heaiing-losses certain enough and nanow enough to 
give impoitant support foi making paiticulai lecommenda- 
tions foi special education 

Each test has advantages and disad\ antages affecting its 
clinical piacticahty and desnabihty The EER-Audio is less 
desnable than the EDR-Audio foi the follow mg leasons 
1 Technically, the EER-Audio is moie difficult to adnnmstei 
(contiol of sleep, multiplicity of wnes, moie channels foi 
lecoidmg, etc ) , 2 When a child is asleep dui mg the EER- 
Audio, natuially it is impossible foi him to display Ins noimal 
overt lesponses to sound, 3 It is mipiactical to condition 
electioencephahc lesponses m a sleeping child, as one would 
condition electiodeimal lesponses to sound in a child who is 
awake, 4 It is moie difficult to discern electioencephahc 
lesponses m an electioencephalogiam than it is to discern 
electiodeimal lesponses m an electiodemiogiam 

The EER-Audio has these advantages o\ ei the EDR-Audio 
1 Because no conditioning is used with the EER-Audio, theie 
is no distuibance of the child with electnc shock 01 othei an¬ 
noying unconditioned stimulus, 2 Dm mg the EDR-Audio, 
most young cluldien aie lestless, and they squirm, partially 
m boiedom duung a long and umnteiestmg (to them) test 
Very often thei scieam, kick and aie geneiallv distui bed be¬ 
cause of the discomfort of the shock and because the\ aie 
aw aie of the wnes, phones, and the stiange cncumstances of 
the whole test-situation Dui mg the EER-Audio the clnl- 
dien aie asleep (usually befoie the application of electiodes) 
and thus aie unawaie of and unflightened by the test, S Con- 
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In fact, we do use a modified form of the EDR-Audio foi 
confirmation of heaiing-losses in adults 

Success of the EER-Audio and EDR-Audio, as outlined m 
this papei, does not appeal to be dependent upon the paiticu- 
lai kind of child 01 the natuie of his auditoiy disoidei In 
the examples piesented m the pievious section, subject C is 
the onlj r one who can be classified as an uncomplicated deaf 
child Subjects A and D aie aphasic childien with heaiing¬ 
losses Subject B has a heaung-loss, and his pioblem m 
communication is complicated by a low intellectual capacity 
Subjects E and F are consideied deaf childien, although they 
weie lefened foi education with a diagnosis of some defect 
of the cential neivous system which impeded noimal develop¬ 
ment of language Both of these childien have senous be- 
havioial pioblems which complicate then auditoiy difficulties 
The child who was unsuccessfully tested (subject G) is classi¬ 
fied educationally as aphasic, and has additional complica¬ 
tions of a piobable heaung-loss and emotional pioblems 

It has been oui expel lence that theie is no disci epancy 01 , 
at most, a mmoi disci epancy between the heaiing-losses de- 
teimmed by pioceduies lequuing oveit lesponses and the 
heaiing-losses deteimined by electiophysiologic techniques 
when the lesults of both kinds of tests aie leasonably cleai 
Because of this agreement, we usually feel confident that 
cleaily detei mined heaiing-losses fiom the EER-Audio and 
EDR-Audio can be lepoited as lepiesentmg a child’s sen¬ 
sitivity to sound, even when the lesults of the moie conven¬ 
tional techniques aie too inconsistent to be conoboiative 
Occasionally theie is an appieciable disci epancy between the 
findings fiom the EER-Audio and the EDR-Audio In these 
instances, the EER-Audio usually indicates less heaung-loss 

We have no cleai undei standing at piesent of the anatomic 
stiuctuies 01 of the physiologic piocesses involved m the 
electiophysiologic lesponses to sound Although a lepoit may 
be given within ±10 db of the intensities believed to be a 
child’s “thieshold of healing,” the report does not tell us 
how the child ordinarily leads to sound at oi above his 
thieshold The findings meiely state how much intensity is 
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necessary to stimulate the auditory nei\e to make it delivei 
enough impulses to the cential nenous sistem to initiate two 
particulai kinds of lesponses The tluesholds leported, 
theiefoie, piobablv represent the minimum stiength of sound 
to which a child is oigamcallv capable of lespondmg 

tYhen a clnld is tested bv both tlie EER-Audio and EDR- 
Audio, theie is a gieatei piobabilitj of obtaining a ceitam 
estimate of a small lange (±10 db ) within which the healing- 
loss lies than when only one of the tests is gi\en Nevertheless, 
when eitliei test is successful, it is possible to obtain a lange 
foi the heaung-losses ceitam enough and nanow enough to 
give important support foi making particulai lecommenda- 
tions foi special education 

Each test has adxantages and disadvantages affecting its 
clinical piaeticahty and desnabilitv The EER-Audio is less 
desnable than the EDR-Audio foi the following leasons 
7 Technically, the EER-Audio is moie difficult to admmistei 
(contiol of sleep, multiplicity of wnes, moie channels foi 
lecoidmg, etc ) , 2 When a child is asleep dui mg the EER- 
Audio, natuiallv it is impossible foi him to display his noimal 
o\ert lesponses to sound, 3 It is mipiactical to condition 
electioencephalic lesponses in a sleeping child, as one would 
condition electiodeimal lesponses to sound in a child who is 
awake, U It is moie difficult to discern electioencephalic 
lesponses m an electioencephalogiam than it is to discern 
electiodermal lesponses m an electiodermogiam 

The EER-Audio has these ad\antages o\ei the EDR-Audio 
1 Because no conditioning is used with the EER-Audio, theie 
is no disturbance of the child with electi ic shock oi othei an¬ 
noying unconditioned stimulus, 2 Dui mg the EDR-Audio, 
most young childien aie lestless, and thev squirm, partialh 
m boiedom dui mg a long and unmteiestmg (to them) test 
Ven often thev scieam, kick and aie geneialh distuibed be¬ 
cause of the discomfort of the shock and because thei aie 
awaie of the wiles, phones, and the stiange cncumstances of 
the whole test-situation Duung the EER-Audio the chil- 
dien aie asleep (usualh befoie the application of electiodes) 
and thus aie unawaie of and unflightened bv the test, 3 Con- 
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In fact, we do use a modified foim of the EDR-Audio foi 
confn mat-ion of heai mg-Iosses m adults 

Success of the EER-Audio and EDR-Audio, as outlined in 
this papei, does not appeal to be dependent upon the particu- 
lai land of child 01 the natuie of his auditoiy disoidei In 
the examples piesented in the pievious section, subject C is 
the only one who can be classified as an uncomplicated deaf 
child Subjects A and D aie aphasic childien with heanng- 
losses Subject B has a heaiing-loss, and his pioblem m 
communication is complicated by a low intellectual capacity 
Subjects E and F aie consideied deaf childien, although they 
weie lefened foi education with a diagnosis of some defect 
of the cential neivous system which impeded noimal develop¬ 
ment of language Both of these childien have senous be- 
havioial pioblems which complicate then auditoiy difficulties 
The child who was unsuccessfully tested (subject G) is classi¬ 
fied educationally as aphasic, and has additional complica¬ 
tions of a piobable heaiing-loss and emotional pioblems 

It has been oui expenence that theie is no disci epancy 01 , 
at most, a minoi disci epancy between the heai mg-losses de- 
teimined by pioceduies lequnmg oveit lesponses and the 
heaung-losses detei mined by electiophysiologic techniques 
when the lesults of both kinds of tests aie leasonably deal 
Because of this agieement, we usually feel confident that 
cleaily detei mined heaung-losses fi ora the EER-Audio and 
EDR-Audio can be lepoited as lepiesentmg a child’s sen¬ 
sitivity to sound, even when the lesults of the moie conven¬ 
tional techniques aie too inconsistent to be conoboiative 
Occasionally theie is an appieciable disci epancy between the 
findings fiom the EER-Audio and the EDR-Audio In these 
instances, the EER-Audio usually indicates less heaimg-loss 

We have no cleai undei standing at piesent of the anatomic 
stiuctuies 01 of the physiologic piocesses involved m the 
electiophysiologic lesponses to sound Although a lepoit may 
be given within ±10 db of the intensities believed to be a 
child’s “thieshold of heai mg,” the lepoit does not tell us 
how the child oidmanly leacts to sound at oi above his 
thieshold The findings meiely state how much intensity is 
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foi then suggestions and help with the vanous clinical and 
technical aspects of this study 
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sistent electiodeimal 1 espouses aie difficult to elicit m very 
young childien " Accoidmg to Deibyshne, 4 electioencephalic 
1 espouses to sound do not seem to be limited by age, and this 
seems to be tiue in oui expeuence as well 

If only one test 01 the othei wei e to be used foi young chil- 
dien, we should favoi the EER-Audio, piimanly on the basis 
of the gieatei ease of handling of the childien and because of 
the gieatei likelihood of eliciting responses Reliability and 
nan owing of the lange in which the heaung-loss lies could 
be achieved by successive EER-Audios We suggest, how- 
evei, that if it is at all feasible, both the EDR-Audio and 
EER-Audio be done on the same child 

SUMMARY 

In two sepaiate tests, electioencephalic 1 espouses (child 
asleep) and electiodeimal lesponses (child awake) to sound 
aie used as mdicatois of “healing” In both tests, tones of 
500 c p s and 2000 c p s at diffeient intensities aie piesented 
to eithei eai, accoidmg to a pieviously piepaied, landom 
schedule The stimulus-levels m the fust test conespond to 
10, 50 and 90 db heaung-loss, and m the second to 20, 40, 
60 and 80 db heaung-loss The lecoids aie analyzed only 
aftei the tests have been completed and without knowledge, 
at the time of analysis, of the paiticulai stimulus (oi contiol) 
which conesponds to the oidmal numbei placed neai each 
stimulus-maik The combined lesults of both tests can yield 
an estimate of heaung-loss within ±10 db of tluesholds de- 
teimined fiom behavioial lesponses Sepaiately, eithei test 
yields less certain and pi ease estimates of heaung-loss 

Acknoivledgmerits The authois thank Dr James O’Leaiy 
and membeis of his staff of the Division of Neuiology and 
Electioencephalogiaphy, Washington Univeisity School of 
Medicine, foi then help with the EEG equipment and with 
the admimstiation of the sedatives, Di A J Deibyshne, 

Ji , Dnectoi of the EEG Depaitment, Haipei Hospital, De¬ 
troit, foi his many helpful suggestions dui mg the eaily 
stages of this study, and membeis of the Healing Clinics 
and Reseaich Department of Cential Institute foi the Deaf, 
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associated with a columella that is too shoit The leason foi 
dividing them m tins manner is because each tvpe leqnnes 
a diffeient tieatment when the use of the oithopedic septo- 
columellar sutuie is consideied 

The orthopedic sutuie should ne\ei be used m the Type I 
tip and is nevei indicated, pioviding the cartilaginous dorsum 
of the septum is loweied adequatelv at operation I think 
this is of primary importance and should be emphasized The 
orthopedic septo-columellai sutuie, on the othei hand, is ob¬ 
ligatory m Type II Unless it is used m even* tip of Type II 
the result will be an unsatisfactory lhmoplastv, even m the 
hands of the expenenced suigeon 

TYPE I NASAL TIP 

This is the commonly encounteied nasal tip, the one most 
frequently opeiated upon It is the laige o\ ersized nose with 
a piomment nasal tip that possesses adequate piojection 
When the cartilaginous doisum is left too high m such a nose, 
the judgment of the suigeon is usually at fault, and is the 
initial mistake leading to a tiain of enois In oidei to cieate 
a stiaight pi of lie at opeiation, the suigeon makes a second 
mistake by elevating the nasal tip to the le\ el of the too high 
cartilaginous doisum of the septum This he accomplishes 
bv means of the orthopedic septo-columellai sutuie applied 
high on the septum and low on the columellai What is de- 
snable is not an mciease m the elevation of the nasal tip 
Instead, the cartilaginous doisum of the septum should be 
lowered to the lei el of the nasal tip The technique foi low¬ 
ering the cartilaginous dorsum of the septum adequately has 
been descubed m a pievious article 3 The nasal tip, bv means 
of this technique, stands up in its natuial position unassisted 
and unsupported bv artificial means Undei these conditions, 
it will letam its position postopeiatnelv Certainly, o\ei- 
conection of the tip on the septum bv means of the oithopedic 
septo-columellar sutuie is contraindicated and should be con¬ 
demned m every case of Tvpe I tip Light catgut sutui es be¬ 
tween the \estibulai skin of the columella and nasal septum 
will suffice m approximating the columella to the septum 



EVALUATION OF THE ORTHOPEDIC 
SEPTO-COLUMELLAR SUTURE 
IN RHINOPLASTY 

Gustave B Fred, M D, 

Boston, Mass 


The begmnei m lhmoplasty is usually taught that essential¬ 
ly all nasal tips fall postopeiatively aftei the septo-columellai 
sutuies aie lemoved and that it is, theiefoie, necessary to 
oveicollect 01 elevate the nasal tip on the septum m eveiy 
case In ordei to effect this, lie laises the tip by means of the 
so-called orthopedic septo-columellai sutuie applied high on 
the septum and low on the columella, with the hope that the 
tip will eventually come down just light and that the post- 
opeiative esthetic effect will lesult in an atti active nose In 
many cases it does just that—it comes down just light Fie- 
quently, howevei, the tip falls down too much, lesulting m 
a nose that is too long, a tip too lound, and the caitilagmous 
doisum of the septum too high, and there aie laie occa¬ 
sions when the tip foi some unaccountable leason lemams 
too high Too much, theiefoie, is left to chance, and undei 
these conditions theie is no conti ol ovei the amount of pull 
and dnection that the tip will take 

The teaching is fallacious Theie are times when the ortho¬ 
pedic septo-columellai sutuie is definitely contiamdicated, 
and undei no cncumstances should be used At othei times 
it is obligatoiy and must be employed, otherwise failuie will 
suiely lesult All lhmoplasty suigeons agiee that the ortho¬ 
pedic septo-columellai sutuie should not be used loutmely m 
lhmoplasty 

When the feasibility of using the orthopedic suture is con¬ 
templated, it is helpful to divide nasal tips into two types 
Type I, which possesses adequate piojection with a sufficient¬ 
ly long columella, and Type II tip with inadequate piojection, 

Editors Note This manuscript receded In The Lnrjngoscope Office and 
accepted for publication March 7 1965 
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oithopedic septo-columellai sutuie is obligatory m eveiy case 
of Type II In oidei to keep the tip in the elevated position, 
oveicollection must be combined with invagination, 1 and 
seveung all the fibeis of the depiessoi septi nasi muscle 2 m 
the columella to msuie the peimanent stability of the elevated 
tip 
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TYPE II 

The Type II nasal tip is totally diffeient and fai moie dif¬ 
ficult to collect than Type I Bold, heioic tieatment is ob- 
ligatoiy Oveicollection by means of the orthopedic septo- 
columellai sutuie is absolutely essential and must be lesoited 
to in eveiy case This sutuie, howevei, applied m the con¬ 
ventional mannei will fail to hold the tip m the elevated posi¬ 
tion unless it is supplemented by othei means In a pievious 
article, 1 I advised invagination to msuie the elevated position 
of the tip, and the lip-fieeing technique 2 (cutting the de- 
pi essoi septi nasi muscle fibeis m the columella) to pi event 
the lip muscles fiom pulling the tip down With these addi¬ 
tional methods of tieatment, the tendency of the tip to letuin 
to its foimei low position is minimized and often eliminated 

An attempt should be made to lowei the cartilaginous doi- 
sum of the septum to the level of the nasal tip, as was done 
m Type I, but this is not always possible Theie is a limita¬ 
tion to which we can lowei the antenoi suiface of the septum 
It should nevei be lowei ed less than 30 degiees m the naso- 
facial angle, othei wise the nose would be too small, the piofile 
too low, and the tip too snubbed Foi esthetic leasons, theie- 
foie, the tip must be laised above the level of the cartilaginous 
doisum of the septum m eveiy case of Type II and the ortho¬ 
pedic septo-columellai sutuie is the only means of doing so 
with a leasonable chance of success 

CONCLUSION 

When the orthopedic septo-columellai sutuie is contem¬ 
plated in lhmoplasty, the fust point to deteimme is the 
amount of piojection of the nasal tip Nasal tips can be 
piofitably divided into two types Type I with adequate pio¬ 
jection, and Type II with inadequate piojection 

The orthopedic septo-columellai sutuie is nevei indicated 
m any case of Type I nasal tip and will not be necessaiy, Pro¬ 
viding the cartilaginous doisum of the septum is lowei ed 
adequately 

Ovei collection of the tip on the septum by means of the 
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1* iff 1 Photograph showing the tumor oterh Ing the right mastoid 
process of a 13-} ear-old hot 


three flecks of tellow white material up to 0 1 cm in diametei The 
remainder of the phjsical examination was not remarkable The ears 
nose and throat weie essentially normal no change was noted in the 
faucial tonsils The examination of the heart lungs abdomen genitalia 
and extremities was as usual 

Laboratory Studies Complete blood count and urinalysis yyere yyithin 
normal limits The errthrocyte sedimentation rate was not eleyated 




MUMMIFIED EPIDERMAL CYST, CALCIFIED 
EPITHELIOMA OF MALHERBE 

Report of a Case 

S D Greenberg, MD/ 
and 

F E LeJeune, Jr , M D ,f 
Iowa City, Iowa 


The modem otolaiyngologist is fiequently confionted with 
tumois of the head and neck An accuiate diagnosis is always 
stiessed, foi such is impoitant foi clinical tieatment as well 
as academic intei est The case heiewith lepoited was le- 
cently seen m the Department of Otolaiyngology and Maxillo¬ 
facial Suigeiy, and m the Depaitment of Deimatology at the 
State Univeisity Hospitals, Iowa City, Iowa The exact 
natuie of this tumoi was not appi eciated until a fiozen 
section was done at the time of suigical excision 

CASE HISTORY 

The patient a 13 y ear-old ben yyas admitted to the State University 
Hospitals April 1, 1967 Tile chief complaint of the patient i\as a slowly 
glowing tumoi beneath the skin overlying the postenoi nspect of the 
right mastoid process The tumor was of two and one-half yeais duia 
tion Theie was no history of fevei cellulitis suppuration, fluxuation, 
oi breakdown of the tumoi Two weeks befoie admission the growth 
was incised bv the leferiing physician and yielded sereial drops of 
blood Theie was no legtonal lymphadenopatln The patient lived on a 
faim and diank unpasteui ized milk 

Plil/sical Examination 

The patient was a huskv young white male who appealed to be at the 
stated age of 13 years He was neither acutely nor chionicalh ill Oral 
temperature was 99 2° F pulse was 88/min and BP was 110/70 mm Hg 
The tumor was firm and non tender and was overhing the right mastoid 
process (see Fig 1) It was conical and measuied 3 5 cm at its rounded 
base and 2 0 cm in height, it was freely moveable within the sub 
cutaneous tissues The overlying skin was reddish brown and contained 

*Dr Greenberg is a Resident in the Department of Otolarj neology and 
Maxlllo-faclal Surgery University Hospitals Iowa City Iowa 

fDr LeJeune Jr recently completed Residency Training In fhe De¬ 
partment of Otolaryngology and Mnxillofncial Surgery Unlyerslty Hos¬ 
pitals Iow r a City- Iowa He Is noyy in the Army Air Force stationed at 
Kessler Field Miss 

Editors Note This manuscript received In The Laryngoscope Office an 
accepted for publication Feb 12 195S 
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representing a pseudo-capsule Adjacent adipose tissue was present 
The tumor was composed largelv of masses of eosinophilic material 
which varied in size and shape Some showed ghosts of former cells 
whose appearance was that of having originallv been stratified squamous 
epithelium These cells had no remaining nucleus or visible cvtoplasm 
and onlv the cell walls were seen (see Fig 51 Other eosinophilic masses 
were amorphous showing no cellular structure TVithin and about these 
eosinophilic masses there were minute foci of amorphous deepli blue 
staining bits of calcium (see Fig 5) 

The stroma varied in composition being loose in several areas but 
appearing compact m most areas It was composed of strands of collagen 
and fibrous connective tissue In some areas an occasional fibroblast 



FIs' 3 Photograph of the out surface of the tumor 


was seen Scattered about the stroma there was keratin debris about 
which there were several large foreign bodv giant cells and foci of 
Ivmphocvtes (see Fig 5) 

The most interesting feature nas the large groups of activeh pro¬ 
liferating epithelial cells which were intermingled within the areas of 
coagulative necrosis and amorphous keratin debris (see Fig 6) These 
cells were closelv packed and had a large pale blue vesicular nucleus 
containing one to two nucleoli (see Fig 7) These cells resembled the 
basal cells of skin. The cvtoplasm stained pale blue to light pink and 
the cell borders tended to be indistinct There were areas within these 
cell groups showing 4-5 mitoses per high power field (see Fig 7! Two 
fields showed transformation of these cell groups into degenerating 
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Xiays of tlie paiannsal sinuses showed minimal thickening of the mucosa 
of the light antrum An Xiav of the tumor was interpieted as showing 
no calcification, chest Xiav showed no change Seiologlcnl test for 
sjphilis was noimal Intindermal tests foi coccidlodomvcosls, blasto 
mj costs, and histoplasmosis weie negative Intiadermal second stiengtli 
P P D test for tubei culosis was vveaklj positive 

Hospital Course 

The patient was seen in consultation bi the Department of Derma 
tologj whose impression was a low giade malignancy of connective 
tissue oilgln Excision was lecommended The preoperative diagnoses 



rig 2 Photograph or tlio oblong lrrcgulml\ lobulnlod tumor A l'or 
tlon of tlio closely adhoiont ovci lying skin Is soon on tlio right 


Included 1 Low giade malignancy of connective tissue oilgln, 2 cluonic 
gianuloma, and 3 possible xanthoma At the time of smgeiv the fioren 
section diagnosis was “Mummified Epideimal Cjst” The tumoi was 
completed excised A pilmaiv closutc was done, and post opeialive 
healing was uneventful 

Oioss Dcnnption The specimen consisted of an oblong iiiegularly 
lobulated firm giev brown tumoi, mensuiing 1 0x2 5x2 0 cm (see Pig 2) 
An eliptlcal jiottion of overiving skin was cioselv adherent to the 
supeiioi surface Attached fiagments of adipose tissue vveic scattered 
about the surface On the cut surface (sec Eig 3) the ntaiglus of tlio 
tumor were encapsulated bv an intact covoiing of giev white tissue 
measuiing 0 1 cm The cential poition was composed of vellow grev 
compiessed ciumblj mateiial wiiicli showed no partlculni pattern Ao 
odor was discernible 

Microscopic Examination The tumoi was within the sub cutaneous 
tissues (see Fig 4) The stintlfled squamous epithelium of the over 
lying skin was well pieseived and showed minimal acanthosis uHiim 
tile compact dermis there was an inciensc in collagen and fibrous con 
nective tissue and a sparse infiltration of l>mphoc>tes 

The tumor was bordeied bv a thin lavei of compact connective tissue 
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Fig 5 Photomicrograph showing: three groups of ghost cells (de¬ 
generating stratified squamous epithelium) W ithln the stroma there are 
foreign bod^ giant cells adjacent to keratin debris and flecks of calcium— 



Fig 6 Photomicrograph sho^ ing groups of ncti\el\ proliferating basal 
5c 1 type epithelial cells The transformation of these basophilic cells into 
the shadow cells can be seen—100X. 
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the margin of the tumor and the 

overlying 1 skin—76X, 

discussion 

This tumor was fust desa.bed ,n 1880 b^Malherb= (as 
Clt ed by Level') It is unfoitunate that Malheibe 
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but it has lecently been leported to be moie common m 
childhood * 

The giowdh mar occrn on the scalp, face, back, aim or 
thigh, but it is most common about the head and neck' The 
lesion is slow giowing, and the majonty have been piesent 
foi an aveiage of tlnee years befoie being iemo\ed 6 The 
tumoi is attached to the o\erlymg skin, but it is freeh 
moveable within the underljmg tissues Raiely, theie mar 
be ulceration of the oveilvmg skm ' The tumoi is non-tender 
and usually asymptomatic. It is rubbery to film, to palpation 
Recommended treatment is suigical excision The most com¬ 
mon pieopeiative diagnosis is a sebaceous cvst 4 

Giosslv, the tumoi usually measuies between 1 0 to 4 0 cm 
m gieatest dimension, although some have been lepoited up 
to 7 cm 3 The surface is giev-wlnte, smooth to fineh lobu- 
lated, and has pai tides of adipose tissue adheient to its thin 
capsule of fibious connective tissue At times, the capsule 
is not complete The film tumoi often cuts with some dif¬ 
ficulty because of the bits of calcium w luch are almost alw ays 
piesent within its stroma 3 The cut surface is light tan to 
yellow bi own, and varies f i om smooth to granulai to crumbly 5 
Micioscopicallv, theie are two basic cell tipes the “baso¬ 
philic cells” oi basal cell type, and the "shadow cells” (mum¬ 
mified epithelial cells) oi squamous cell tvpe 13 

The vaiwing sized niegulailv shaped gioups of mummified 
oi shadow cells aie examples of coagulative necrosis, for al¬ 
though the cell boideis aie distinct, the nuclei and cvtoplasm 
have undeigone neciosis and do not stain In occasional foci 
the squamous tipe epithelial cells mav show coinification, 
while m othei aieas tins epithelial component mar show 
diskeiatosis In othei portions the neciosis mav hare pio- 
giessed so that only amoiphous hyalin debris lemains 

The basophilic cells, oi basal-cell-like epithelial component 
aie also found m van mg sized gioups Theie is no pallisad- 
ing about the penpherv of these gioups, theiebv diffeientiat- 
mg them from basal cell tumors These cells ha\e rounded 
to oblong piomment deep blue \esiculai nuclei with one to 
tw o nucleoli The cvtoplasm is scant and light blue w ith ill- 
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teim “calcifying epithelioma” m descubmg the lesion, foi it 
neithei metastasizes noi locally invades In 1933, Chin 
Kuang-Yu- leviewed the woild medical hteiatuie on the sub¬ 
ject, he postulated that peihaps these tumois aiose fiom 
embiyonic lest cells King, 3 in 1947, mtioduced the name of 
“Mummified Epideimal Cyst,” foi he believed, as do the 
authois, that the tumoi is lelated to epideimal cysts of the 
skm In cases wheie theie is a histoiy of pievious tiauma 
to the skm oveilying the tumoi, theie is little doubt as to the 





Fig" 7 Photomicrograph showing- the basal cell like epithelial com¬ 
ponent of the tumor Seven mitoses are seen in this field—600 v. 


lelationship of the tumoi to an epithelial cyst oi epithelial 
implant 3 

Vanous repoits list diffeient incidences foi this tumoi In 
the eaihei repoit the incidence was sometimes one in ten 
thousand suigical specimens, 3 and m the latei leports the 
incidence has been sometimes one m two thousand suigical 
specimens 3 Theie is appaiently no difference m the inci¬ 
dence of the tumoi accoidmg to sexes The tumoi may 
appeal any time between the ages of two yeais to 80 years, 
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defined cell boideis Mitoses aie not unusual In aieas, one 
may see the tiansfoimation of the basophilic cells into the 
shadow cells 1 

Within the stioma theie aie vaiying scatteied flecks of 
calcium, which stain blue-black with hemotoxyhn and eosm 
Theie aie also foci of foieign body giant cells about the 
keiatmous debu The bulk of the stioma is composed of 
collagen and fibious connective tissue 

Although the micioscopic pietuie of this tumoi is easily 
lecognized, a calcified epideimal cyst should be consideied 
in the diffeiential diagnosis Level 1 states that a calcifying 
epithelioma of Malheibe diffeis fiom a calcified epideimal 
cyst, in that the lattei does not contain the basophilic cells 
01 basal cell type Tins distinction, howevei, is not univei- 
sally lecognized 3 


SUMMARY 

1 Mummified epithelial cysts (calcified epitheliomas of 
Malheibe) aie lelatively common tumois of the head and neck 

2 This tumoi may occui in any age gioup, but it is most 
common m childien 

3 The lesion is slow giowing, film, sub-cutaneous, and 
fieely moveable 

4 The lesion has two basic cells types, the basophilic oi 
basal cell type, and the shadow oi mummified squamous cell 
tvpe 

5 The tumoi does not metastasize and does not locally 
invade 

6 The tieatment of choice is suigical excision 
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Librarian Treasurer Dr L de Souza Queiroz 

Editors for the Archives of the Society Dr J Penido Burnier Dr 
Guedes de Melo Filho and Dr Roberto Franco do Amaral 
Meetings Twice every month first and third Thursday, 8 30 P M 

ASOCIACION DE OTORRINOLARINGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 
Presidente Dr Julio Quevedo 15 Calle Oriente No 5 
First Vice-Presidente Dr Hdctor Cruz 3a Aienlda Sur No 72 
Second Vice-Presidente Dr JosS Luis Escamilla, 5a Calle Ponlente 
No 48 

Secretario-Tesorero Dr Horace Polanco 13 Calle Ponlente No 9D 
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ASOCIACION DE OTO-RINO LARINGOLOGia DE BARCELONA, SPAIN 

Presidents Dr J AbeRo 

Viee-Presidente Dr Luis Sufie Medan 

Secretario Dr Jorge Perellfi, 319 Frovenza, Barcelona. 

Vice-Secretario Dr A Pinart 

Vocal Dr J M Ferrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Waiter E Loch, 1039 No Calvert St, Baltimore, Maryland 
Secretary Treasurer Dr Theodore A. Schwartz 


BUENOS AIRES CLUB OTOLARINGOLOGICO 

Presidente Dr K Segre 
Vlce-Presldente Dr A P Belou 
Secretario Dr S A. Aranz 
Pro Secretario Dr J M Tato 
Tesorero Dr P Games 
Pro Tesorero Dr J A Bello 

CANADIAN OTOLARYNGOLOGICAL SOCIETY 
SOCIETE CANAD1ENNE D’OTOLARYNGOLOGIE 

President Dr Robert T Hayes, 42 Cobourg St, St John, N B 
Secretary Dr Donald M McRae, 324 Spring Garden Rd , Halifax, N S 

CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C Otrlch, Belleville, III 
President Elect Dr Phil R McGrath Peoria, Ill 
Secretary Treasurer Dr Alfred G Schultz, Jacksonville, Ill 


CHiCAGO LARYNGOLOGICAL AND OTOLOGICAL SOCIETY 

President Dr Stanton A Frledberg, 122 So Michigan Ave, Chicago 3, 
HI 

Vice-President Dr Maurice Snitman, 408 So 6th Ave, Maywood, Rl- 
Secretary Treasurer Dr Fletcher Austin, 700 No Michigan Ave, Chi 
cago 11, Ill 

Meeting First Monday of each Month, October through May 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Griinwald S 
Vice-President Dr Agustin Estartus 
Secretary Dr Marcos Chaimovich S 
Treasurer Dr Benjamin Kapkan K 

Director Dr Alberto Basterrica A. 


DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Ludwig A Michael, 3707 Gaston Are, Dallas, Tex 
Vice-President Dr Hal W Maxwell 

Secretary-Treasurer Dr Edward A Newell, 1511 No Beckley, Dallas ® 
Tex 
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FEDERACION ARGENTINA, 

DE SOCIEDADES DE OTORRINOLARINGOLOGIA 

Secretary of the Interior Prof Dr Atillo Viale del Carrll 
Secretary of Exterior Dr Aldo G Remorino 
Secretary Treasury Prof. Dr Antonio Carrascosa 
Pro-Secretary of the Interior Prof Dr Carlos P Mercandlno 
Pro-Secretarv of the Exterior Prof Dr Jaime A. del Sel 
Pro Secretary of the Treasury Dr Jorge Zublzarreta 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M Noubleau San Salavador 
Secretary-Treasurer Dr Hector R. Siha Calle Arce No 84 San Sil\n 
dor, El Salvador, Central America 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Chas C Grace 145 King St. SL Augustine Fla 
President Elect Dr Jos W Taylor 706 Franklin SL Tampa Fla 
Secretary Treasurer Dr Carl S McLemore 1217 Kuhl Ave Orlando Fla 


FOURTH LATIN AMERICAN CONGRESS OF 
OTORINOLARINGOLOGIA 

President Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr William B Steinman 
President Elect Dr Janies H Mendel Jr 
Secretary Treasurer Dr H Carlton Howard 

Meeting quarterly (March May October and December) on the second 
Thursday of the month 6 30 PM at TJrmev Hotel Miami 


INTERNATIONAL BRONCHOESOPHAGOLOG1CAL SOCIETY 
President Dr Jo Ono, Tokyo, Japan 

Secretary Dr Chevalier L Jackson, 3401 N Broad St Philadephia 40 
Pa U S A. 

Meeting Seventh International Congress of Bronchoesophagologv 
Kyoto Japan September 195S 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H. Steele 
President Elect Dr Dick H. Underwood 

Secretary Dr James T Robison 4620 J C Nichols Parkway Kansas 
City, Mo 

Meeting Third Thursday of November January February and April 
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LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Max E Pohlman 
Secretary-Treasurer Dr Wendell C Irvine 
Chairman of Ophthalmology Section Dr Carroll A McCoy 
Secretary of Ophthalmology Section Dr Philip D Shanedling 
Chairman of Otolaryngology Section Dr Robert W Godwin 
Secretary of Otolaryngology Section Dr Francis O’N Morris 
Place Los Angeles County Medical Association Bldg, 1925 Wllshire 
Blvd , Los Angeles, Calif 

Time 6 30 PM last Monday of each month from September to June, 
Inclusive—Otolaryngology Section 6 30, first Thursday of each month 
from September to June, inclusive—Ophthalmology Section 

LOUISIANA MISSISSIPPI OPHTHALMOLOGICAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr Fred D Hollowell, Lamar Life Bldg, Jackson, Miss 
Secretary Dr Edley H Jones, 1301 Washington St, Vicksburg, Miss 
Meeting Edgewater Gulf Hotel, Edgewater Park, Miss, May 1616, 1959 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary Treasurer Dr Roland H Myers, 1720 Exchange Bldg, Mem 
phis, Tenn 

Assistant Secretary-Treasurer Dr William F Murrah, Jr, Exchange 
Bldg, Memphis, Tenn 

Meeting Second Tuesday in each month at 8 00 pm at Memphis Eye, 
Nose and Throat Hospital 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoide, Mexico, D F 
Vice-President Dr M Gonzales Ulloa, Mexico, D F 
Secretary Dr Juan De Dios Peza, Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Princeton, Mo 

Secretary Treasurer Dr Harold Swanberg Quincy, Ill 

Assistant Secretary Treasurer Dr Jacob E Reisch, Springfield Ill 

NETHERLANDS SOCIETY OF OTORHINOLARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundige Vereeniglng ) 

President Dr H Navis Sonsbeekweg 6, Arnhem 

Secretary Dr W H Struben J J Viottastraat 1 Amsterdam 

Treasurer Mrs F Velleman Pinto, Jac Ohrechtstr 66, Amsterdam 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele, Kinston Clinic Kinston N 
Vice-President Dr George E Bradord Winston Salem, N C 
Secretary Treasurer Dr J D Stratton, 1012 Kings Drive, Charlotte 7. 

N C 
Meeting 
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NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 
President Mr G L Thompson 16 Ramshill Road, Scarborough York 
shire 

1 iee-Presldent Mr J H. Otty, Frizley Old Hall, Frizinghall Road 
Bradford, Yorkshire 

Secretary and Treasurer Mr R Thomas 27 High Petergate York, 
Yorkshire 


OREGON ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr David D DeWeese 1216 S W Yamhill SL, Portland 6, 
Ore 

Secretary Treasurer Dr Paul B Mvers 223 Medical Dental Bldg 
Portland 5 Ore 

Meeting Fourth Tuesdai of each month from September through Mav 
Henrv Thiele Restaurant 23rd and IV Burnside Portland Ore 

OTOSCLEROSIS STUDY GROUP 

President Dr L R. Boies, University Hospital Minneapolis Minn 
Secretary-Treasurer Dr Arthur L. Juers 611 Brown Bldg Louisville 
Ky 

Meeting Palmer House, Chicago Ill 

PACIFIC COAST OTO OPHTHALMOLOGICAL SOCIETY 
President H. Leroy Goss M_D 620 Cobb Bldg Seattle 1. Washington 
Secretary Treasurer Homer E Smith M.D 60S East South Temple 
Salt Lake City, Utah. 

Meeting 


PAN AMERICAN ASSOCIATION OF OTO RHINO LARYNGOLOGY 
AND BRONCHO ESOPHAGOLOGY 
President Dr Jose Gros, Havana Cuba 

Executive Secretary Dr Chevalier L Jackson 3401 N Broad SL Phila 
delphia 40 Pa. U S A. 

Meeting Sixth Pan American Congress of Oto-Rhlno-Laryngolcgy and 
Broncho-Esophagology 
Time and Place Brazil, 1958 

PHILADELPHIA LARYNGOLOGICAL SOCIETY 
President Dr Chevalier L. Jackson. 

Vice-President Dr John J O'Keefe 
Treasurer Dr Joseph P Atkins 

Secretary Dr Louis E Silcox. 

Historian Dr Herman B Cohen 

Executive Committee Dr Harry P Schenck, Dr , Benjamin H Shuster 
Dr William A. Lell, Dr , William J Hitschler 

PITTSBURGH OTOLOGICAL SOCIETY 
President Dr Bernard L. Silverblatt 3500 Fifth Avenue Pittsburgh Pa 
Vice-President Dr Emorv A. Rittenhouse, 203 Masonic Bldg McKees 
Port, Pa. 

Secretary Treasurer Dr John T Dickinson Mercv Hospital, Pittsburgh 
19 Pa. 

PORTUGUESE OTORHINOLARYNGOLICAL SOCIETY 
President Dr Albert Luis de Mendonca. 

Secretary Dr Antonio da Costa Quinta, Avenlda, de Liberdale 65 1* 
Lisbon 
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LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY. 

Pionldonl Dr Max M Pohlnmn 
Sociotary Tionnuroi Di Wondoll G Irvlno 
Qhnli mnn or Ophthnlmolog> Sootlon Di Can oil A McGov 

Soouitnij of Ophthalnioloj y SocUon Dr Philip D Shanodllng 

Olinli mail of Ololiuyiu oloy> Section Di UoboiLW Godwin 

Som otaiy of Otohuyngolof y Section Di Pianola O'N Mon la 

Plnco Lon Anroloti County Modleal Aaaoolallon nidfc, 10215 Wllahlio 
Uhd , Loa Angolan, Calif 

Tlmo G 110 PM laat Monday of oaoli month fioin Soptoinbor lo Tuno, 
lnclnnlvo—Otolni \ ngolory SocUon G .‘10, flint Tlmiaday of each month 
Horn Soiilomhoi lo luno, InoluHho—Ophthalmology Sort Ion 

LOUISIANA MISSISSIPPI OPHTHALMOLOGICAL 
AND OTOLARYNGOLOGICAL SOCIETY 

Pioaldont Dr Pi oil D Hollow oil, Lanmi Llfo Bldg, lacltnon, Minn 
Sociolary Di Pdloy II lonon, 1201 Wanhlngton St , Vlcknhuig, Minn 
Mootlnr Ifldgowntoi Gulf llotol, Pdgowatoi I’mk, Minn, May 101(5, 11)09 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Olialrnian Momhorn norvo an olialrmon In alphabotloal ordor monthly 
BocrotaryTroannror Dr Uolnnd II Myoin, 1720 Pxchnngo Bldg, Mom 
pliln, Tonn 

Anntntant BocrotaryTioannior Dr William P Murrah, Jr, Pxchango 
Bldg, Mompliln, Tonn. 

Mooting Second Tuonday in oaoli month at 8 00 p in at Mompliln Dye. 
None and Throat llonpltal 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

Pronldont Dr Conar DaBoldo, Mexico, D P 
Vloo Pronldont Dr M Gonzalon Ulloa, Moxloo, D P 
Soorotary Dr Jnan Do Dion Poza, Moxlco D P 


MI8SI88IPPI VALLEY MEDICAL SOCIETY. 

Pronldont Dr Arthur S Brlntow, Prlncolon, Mo 

Boorotary Troannror Dr Harold Swnnborg, Quincy, III 

Annlntant Soorotary Troannror Dr Jacob 10 Uolnoh, Sprliigllohl, III 

NETHERLANDS SOCIETY OT OTORHINOLARYNGOLOGY 
(Nodorlnndochc Keel Neuo Oorheelkundloe Vcrconlolno ) 

Pronldont Di II Nn\ln, Sonnbookw oi 0, Ainliom 

Soorotary Di W II Stmbon, J 1 Vlottnntrnat 1, Amntoidnin 

Troamnoi Min P Vollomnn Pinto, liu Obroobtnti 00, A unit ordain 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

Pronldont Di J C Poolo, ICInnlon Clfnto, Klnnton, N 
Vioo-Pronldont Dr Gooigo P Brndord, Wlnnton Salom, N C 
Soorotary Troannror Dr J D Stratton, 1012 Klnrn Drivo, Cbnrlotio 7, 
N C 
Mooting 
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NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 
President Mr G L Thompson 16 Ramshill Road, Scarborough York 
shire 

1 Ice-President Mr J H. Otty, Frizley Old Hall, Frizinghall Road, 
Bradford, Yorkshire 

Secretary and Treasurer Mr R Thomas 27 High Petergate York, 

lorkshire 

OREGON ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr David D DeWeese, 1216 S W Yamhill SL Portland 6 
Ore 

Secretarv Treasurer Dr Paul B Mvers 223 Medical Dental Bldg 
Portland 5, Ore 

Meeting Fourth Tuesdav of each month from September through Mai 
Henri Thiele Restaurant 23rd and IV Burnside Portland Ore 

OTOSCLEROSIS STUDY GROUP 

President Dr L R, Boies Universltv Hospital Minneapolis Minn 
Secretary Treasurer Dr Arthur L Juers 611 Brown Bldg Louisville 
Ky 

Meeting Palmer House, Chicago Ill 

PACIFIC COAST OTO OPHTHALMOLOGICAL SOCIETY 
President H Leroy Goss, M D 620 Cobb Bldg Seattle 1 Washington 
Secretary Treasurer Homer E Smith M D 508 East South Temple 
Salt Lake City, Utah. 

Meeting 

PAN AMERICAN ASSOCIATION OF OTO RHINO LARYNGOLOGY 
AND BRONCHO ESOPHAGOLOGY 
President Dr Jose Gros Havana, Cuba 

Executive Secretary Dr Chevalier L Jackson, 3401 N Broad SL Phila 
delphia 40 Pa. U S A. 

Meeting Sixth Pan American Congress of Oto-Rhino-Larvngolcgy and 
Broncho-Esophagology 
Time and Place Brazil 1958 

PHILADELPHIA LARYNGOLOGICAL SOCIETY 
President Dr Chevalier L. Jackson 

Vice-President Dr John J O’Keefe 
Treasurer Dr Joseph P Atkins 

Secretary Dr Louis E Silcox. 

Historian Dr Herman B Cohen. 

Executive Committee Dr Harry P Schenck, Dr , Benjamin H Shuster 
Dr William A. Lell Dr , William J Hitschler 

PITTSBURGH OTOLOGICAL SOCIETY 
President Dr Bernard L Sllverblatt 3500 Fifth Avenue Pittsburgh Pa 
Vice-President Dr Emorv A. Rittenhouse 203 Masonic Bldg McKees 
port. Pa. 

Secretary Treasurer Dr John T Dickinson Mercv Hospital, Pittsburgh 
19. Pa. 

PORTUGUESE OTORHINOLARYNGOLICAL SOCIETY 
President Dr Albert Luis de Mendonea. 

Secretary Dr Antonio da Costa Quinta, Avenida, de Liberdale 65 1° 
Lisbon 
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LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Max E Pohlman 
Secretary Treasurer Dr Wendeil C Irvine 
Chairman of Ophthalmology Section Dr Carroll A. McCoy 
Secretary of Ophthalmology Section Dr Philip D Shanedling 
Chairman of Otolaryngology Section Dr Robert W Godwin 
Secretary of Otolaryngology Section Dr Francis O’N Morris 
Place Los Angeles County Medical Association Bldg, 1926 Wllshire 
Blvd , Los Angeles, Calif 

Time 6 30 PM last Monday of each month from September to June, 
Inclusive—Otolaryngology Section 6 30, first Thursday of each month 
from September to June, inclusive—Ophthalmology Section 

LOU1SIANA-M1SS1SSIPPI OPHTHALMOLOGICAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr Fred D Hollowell, Lamar Life Bldg, Jackson, Miss 
Secretary Dr Edley H Jones, 1301 Washington SL, Vicksburg, Miss 
Meeting Edgewater Gulf Hotel, Edgewater Park, Miss, May 16-16, 1959 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary-Treasurer Dr Roland H Myers, 1720 Exchange Bldg, Mem 
phis, Tenn 

Assistant Secretary Treasurer Dr William F Murrab, Jr, Exchange 
Bldg, Memphis, Tenn 

Meeting Second Tuesday in each month at 8 00 pm at Memphis Bye, 
Nose and Throat Hospital 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoide, Mexico, D F 
Vice-President Dr M Gonzales Ulloa, Mexico, D F 
Secretary Dr Juan De Dios Peza Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Princeton, Mo 

Secretary Treasurer Dr Harold Swanberg, Quincy, Ill 

Assistant Secretary Treasurer Dr Jacob E Reisch, Springfield, ill 

NETHERLANDS SOCIETY OF OTO-RHINO LARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundige Vereenlglng ) 

President Dr EL Navis Sonsbeekweg 6, Arnhem 

Secretary Dr W H Struben, J J Viottastraat 1, Amsterdam 

Treasurer Mrs F Velleman Pinto, Jac Obrechtstr 66, Amsterdam 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele, Kinston Clinic, Kinston N v/ 
Vice-President Dr George E Bradord, Winston Salem, N C 
Secretary Treasurer Dr J D Stratton, 1012 Kings Drive, Charlotte i 
N C 
tfeeting 
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S0C1EDAD DE OTO RINO LARINGOLOG1A, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR C A 

President Dr Salvador Miico Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M 


SOCIEDAD ESPANOLA DE OTORRINOLARINGOLOGIA. 

Presidente Dr D Adolfo Hinojar Pons 
1 ice-Presidente Dr D Jose Perez Mateos 
Secretarlo General Dr D Francisco Marafids 
Tesorero Dr D Ernesto Alonso Ferrer 


SOCIEDAD MEXICANA DE OTORRINOLARINGOLOGIA 
Havre 7—Desp 62 
Mexico 6, D F 

President Dr Rafael Giorgana 
Secretarv Dr Carlos Valenzuela 
Treasurer Dr Bemto Madariaga 
First Vocal Dr Rafael Gonzfilez 
Second Vocal Dr Juan Oberhauser 


SOCIEDAD NACIONAL DE CIRUGIA OF CUBA 

Presidente Dr Reinaldo de Villers 
Vice-Presidente Dr Cdsar Cabrera Calderin. 

Secretarlo Dr JosS Xlran. 

Tesorero Dr Alfredo M Petit 
Vocal Dr JosS Gross 
1 ocal Dr Pedro Hernfindez Gonzalo 

SOCIEDAD OTO RINO LARINGOLOGIA DE LOS 
HOSPITALES DE MADRID 

Presidente Dr Don Fernando Beltrfin Castillo 
Secretarlo General Dr Don Alfonso Vassallo de MnmberL 
Tesorero Dr Don Rafael Garcia Tapia. 

SOCIEDAD VENEZOLANA DE OTORRINOLARINGOLOGIA 

Presidente Dr Gabriel Bncefio Romero 
Vice-Presidente Dr Silvestre Rincon Fuenmavor 
Secretarlo General Dr Oscar Bustamante Miranda 
Tesorero Dr Arturo Marrero Gdmez 

Vocales Dr Miguel Octavio Russa Dr Benjamin Briceno Oscar Gon¬ 
zalez Castillo 


SOCIEDADE DE OFTALMOLOG1A E OTORRINOLARINGOLOGIA DO 
RIO GRANDE DO SUL 

President Dr Paulo Fernando Esteves 
Vice-President Dr Javme Schilling 
First Secretarv Dr Carlos Buede 
Second Secretarv jjr MoizSs Sabani 
First Treasurer Dr Israel Schennan 
Second Treasurer Dr Rivadfivia C Mever 
Librarian Dr Carlos M Carrion 
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PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 
President Dr Clifton JE Benson, Bremerton, Wash 
President Elect Dr Carl D F Jensen, Seattle, Wash 
Secretary Dr Willard F Goff, 1215 Fourth Ave, Seattle, Wash 

RESEARCH STUDY CLUB OF LOS ANGELES, INC 
Chaliman Dr Orrie E Ghrist, 210 N Central Ave, Glendale, Calif 
Treasurer Dr Norman Jesberg, 500 So Lucas Ave , Los Angeles 17, Calif 

Otolaryngology Dr Russell M Decker, 65 N Madison Are, Pasadena 
1, Calif 

Ophthalmology Dr Warren A Wilson, 1930 WUshire Blvd, Los An 
geles 67, Calif 

Mid Winter Clinical Convention annually, the last two weeks in January 
at Los Angeles, Calif 


SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA 
Chairman Dr J L Levine 
Vice-Chairman Dr Russell Page. 

Secretary Dr James J McFarland 
Treasurer Dr Edward M O’Brien 

Meetings are held the second Tuesday of September, November, January, 
March and May, at 6 30 P M 
Place Army and Navy Club, Washington, D C 

SCOTTISH OTOLARYNGOLOGICAL SOCIETY 
President E A M Connal, 1 Royal Crescent, Glasgow C 3, Scotland 
Secretary-Treasurer Dr J F Birrell, 14 Moray Place, Edinburgh 

Assistant Secretary Dr H D Brown Kelly, 11 Sandyford Place, Glas 

gow 


SOCIEDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLARINGOLOG1A (BOGOTA, COLUMBIA) 
Presidente Dr Alfonso Trfbln P 
Secretarlo Dr Felix E Lozano 
Tesorero Dr Mario Arenas A 


SOCIEDAD CUBANA DE OTO LARINGOLOGIA 
President Dr Relnaldo de Villiers 
Vice-President Dr Jorge de C&rdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA 
Presidente Dr Frank Canosa Lorenzo 
Vlce-Presidente Dr Julio Sanguily 
Secretarlo Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 


SOCIEDAD DE OTORRINOLARINGOLOGIA Y 
BRONCOESOFAGOSCOPIA DE CORDOBA 


Presidente Dr Aldo Remorlno 
Vice-Presldente Dr Luis E Olsen 
Secretarlo Dr Eugenio Romero Diaz 

TeBorero Dr Juan Manuel Pradales _ 

Vocales Dr Osvaldo Sufirez, Dr Nondier Asis R, Dr Jorge Bergaiio 

Yofre 
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NOTICE TO CONTRIBUTORS 

The Laryngoscope reserves the right of exclusive publication 
of all articles submitted This does not preclude their publication 
m Transactions of various Societies 

Manuscripts should be typewritten, double spaced, on one side 
of paper only and with sufficient margins to allow for corrections 

Author’s name and city should appear directly under title on 
first page, street address at end of article 

All prints or photographs to be submitted m black and white, 
m good sharp contrast Good halftones depend upon clear photo¬ 
graphs Line drawings for zincs to be m black and white Colored 
mks or red or blue quadnlle rulings will not reproduce 

References should be complete author’s surname, initials, 
title of article, Journal, volume, page, month, year 

Six illustrations will be furnished for each article without cost 
to author Authors will please limit illustrations to six or assume 
the expense of additional illustrations 

Proofs will be submitted to authors for corrections If these 
are not returned, articles will be published as corrected m this 
office 

Reprints will be furnished at the following prices 


WITHOUT COVER 



1 250 

| Copies 

1 500 

' Copies 


2000 

Copies 

Four Pageg 

? 19.25 

? 23 00 

5 30 75 

? 44 50 

Eight Pages 

33 50 

42 75 

5S 50 

S3 00 

Twelve Pages 

4T 00 

60 75 

S6.26 

131 50 

Sixteen Pages 

61 00 

7S 75 

9S 7o 

146 75 

Twenty Pages 

76 00 

96 25 

129 50 

1S7 25 

Twenty four Pages 

SS 75 

112 50 

150 00 

217 25 

Twenty-eight Pages 

97 50 

123 25 

162 25 

233 50 

rWrtv two Pages 

115 00 

139 75 

ISO 00 

267 00 


WITH COVER 


Four Pages 

? 37.25 

$ 46 50 

? 61 50 

$ SS 75 

Eight Pages 

51,50 

66 25 

S9.25 

127 25 

'P^elve Pages 

65 00 

S4.25 

117 00 

175 75 

sixteen Pages 

79 00 


129 50 

191 00 

Twenty Pages 

94 00 

119 75 

160.25 


Twenty four Paces 

106 75 


ISO 75 

261 50 

Twenty-eight Pages 

115 50 

146 75 

193 00 

277 75 

1 hirty two Pages 

133 00 

163.25 

210 75 

311 25 


Express charges will be paid by consignee 
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SOCIEDAD PANAMENA DE OTORRINOLARINGOLOGIA 

Presidente Dr Manuel Preclado 

First Vice Presidente Dr Alonso Roy 

Second Vice-Presidente Dr Carlos Arango Carbone 

Secretano Dr Marla Esther Villalaz 

Tesorero Dr Ram6n Crespo 

SOCIEDADE PORTUGUESA DE OTORRINOLARINGOLOGIA 

E DE 

BRONCO ESOFAGOLOGIA 

Presidente Dr Alberto Luis De Mendonca 
Vice Presidente Dr Jaime de Magalhaes 
L” Secretario Dr Antonio da Costa Quinta, 

2 • Secretario Dr Albano Coelbo 

Tesourelro Dr Jose Antonio de Campos Henriques 

Vogais Dr Teofllo Esquivel 

Dr Antonio Cancels de Amorim 
Sede Avenida da Liberdade, 65, 1*, Lisboa 

SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President Lt Col Stanley H Bear, USAF (MC), TJSAF Hospital, Max 
well (Air University), Maxwell Air Force Base, Ala. 

Secretary Treasurer Capt Maurice Schiff, MC, USN, U S Naval Hos 
pital, Oakland, Calif 

Meeting October 14, 1958, Palmer House, Chicago, Ill 

SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette, Orangeburg, S C 
Vice-President Dr Robert P Jeanes, Easley, S C 
Secretary Treasurer Dr Roderick Macdonald, 333 East Main St, Rock 
Hill, S Car 
Meeting 


SOUTHERN MEDICAL ASSOCIATION, 

SECTION ON OPHTHALMOLOGY AND OTOLARYNGOLOGY 

Chairman Dr V Eugene Holcombe, Charleston, W Va 
Chairman Elect Dr G Slaughter Fltz-Hugh, Charlottesville, Va. 
Vice-Chairman Dr George M Haik, New Orleans, La 
Secretary Dr Mercer G Lynch, New Orleans, La 

VIRGINIA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Benjamin Sheppard, 301 Medical Arts Building, Rich 
mond Virginia 

President Elect Dr Emanuel U Wallerstein, Professional Building 
Richmond, Virginia . 

Vice-President Dr Calvin T Burton, Medical Arts Building, Roanoae 
Virginia 

Secretary Treasurer Dr Maynard P Smith 600 Professional Building, 
Richmond, Virginia 
Meeting 


WEST VIRGINIA ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James K Stewart Wheeling W Va, 
Secretary-Treasurer Dr Frederick C Reel Charleston W Va 
Annual Meeting 
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THE 


LARYNGOSCOPE. 

Vol LXVIII OCTOBER, 1958 No 10 


NEW CONCEPTS IN CORRELATION OF SURGICAL 
ANATOMY AND EMBRYOLOGY IN LATERAL 
CERVICAL VESTIGEAL STRUCTURES "f 

M R HlMALSTElN, M D , 

Bay Pines, Fla 

The embiyology of the ceivical legion is fascinating and 
complicated We may lecall fiom oui student embiyology the 
phiase, ontogem lecapitulates phylogeny, 01 the embryological 
history of the individual oigamsm lecapitulates the history 
of the lace The bianclnal aicli stiuctuies lepiesent that 
phase in the evolution of man wlieiem his foibeais existed 
m an aquatic envnonment The woid bianclnal is defined as 
pertaining to 01 lesembling the gills of a fish Fiazei 1 has 
seveial objections to the teim bianclnal in descubmg this 
phase of development m man, especially since at no time aie 
definitive bianclnal 01 gill stiuctuies foimed in the lecapitu- 
lation piocess The entile aich phase exists as a visible ex¬ 
ternal stiuctuie foi only tlnee weeks Congdon 2 stated that 
the aiclies do not m any complete sense lecapitulate then 
phylogenetic lnstoij, and that the piocess is much foie- 
shortened and distorted 

Most autliois piesentmg a case of lateial ceivical fistula 
stiess the importance of embnology m undeistanding its 
suigical anatomy In attempting a con elation tlieie aie 
seveial points which tend to confuse The authoi v r as con- 
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\ . (Taken from Patten p In courti«\ of tht Carnegie Institution 
mm" n8,1 ‘ n tton) A. Human embno ltte in the fifth \\ eek Length 6 5 
o ™ r f touc hed photo (\15) of embryo bo02 in the Carnegie Collection 
maii sketch loner right show? actual «dze 01 embno 


the post-bianclual phase, tlie head is cm led duectlj ovei the 
pencaidium Fiazei 4 ascubes this to the fact that the doisal 
stiuctuies of the head at fust glow moie lapidh than the 
'ential stiuctuies As the neck develops, the vential aiea 
giovs moie lapidlv, and the head is lifted fiom the pen- 
caidium The aicli field lies initially fiom befoie backwaids 
with each aicli disposed in a supeiioi-infenoi dnection As 
the neck develops a \ential aic is descubed due to the lapid 
vential expansion, and the stiuctuies denved fiom the aiches 
as the mandible and subjacent tiansveise flexme line of the 
neck aie disposed in an antenoi-postenoi dnection Foi tins 
leason the teims doisal and \ential as opposed to supeuoi 
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fionted with a case of complete lateial ceivical fistula which 
opened internally into the tonsil fossa, then passed beneath 
the postenoi belly of the digastnc muscle, couised antenoi 
to the region of the caiotids, and opened externally neai the 
sternocleidomastoid attachment to the clavicle Accoidmg 
to oldei wntmgs this would appeal to be a fistula of the 
second phaiyngeal pouch breaking thiough the closing mem- 
biane into the second bianehial gioove and emeigmg ex¬ 
ternally thiough the duct of the pieceivical sinus Wenglow- 
ski, ( howevei, maintained that the hyoid bone maiked the 
mfenoi level of the bianehial aich legion on the post- 
embiyomc neck and, because complete fistulae often open 
much lowei, he piesented Ins thymic duct theoiy m 1913, 
and a wide measuie of acceptance was lecoided The thymic 
duct itself, howevei, is a tlmd phaiyngeal pouch denvative, 
and accoidmg to embiyologists the internal opening should 
be m the pyufoim fossa and it should not pass between the in¬ 
ternal and external caiotids as the majonty of complete 
fistulae do To add to the confusion, second pouch fistulae 
should couise between the internal and external caiotids and 
not antenoi to both, as m the authoi’s and othei lepoited 
cases 

A histoncal summaiy by custom should be mseited heie, 
but it will be enteied latei so that it may be bettei appi eciated 
By oigamzmg the liteiatuie, coil elating the anomaly with 
this liteiatuie, and with some aim-chan hypothesizing a ten¬ 
able concept can be evolved m explanation of the mechanism 
of development of lateial ceivical vestigeal stmctuies which 
does not violate accepted embiyological concepts While this 
theoiy is not intended to lepiesent the complete answei, it 
is at least a reasonable conelation of suigic al anatomy and 
embiyology, the pieces of the puzzle fit togethei to make a 
whole pictuie, but whethei it is “the” whole pictuie iemams 
to be seen 


THE BRANCHIAL ARCHES 

Befoie pioceedmg it would be well to 01 lent oui selves topo- 
giaphically with legald to the aich aiea on the side of the 
head As can be seen in Fig 1, befoie the neck develops m 
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Fig- 2 A entrnl \ lew s of aortic arch system in a series of human em¬ 
bryos in the earliest stage onl\ the fir^t two arches are present The 
lengths of the respecti\c embnos from which these diagrams were made 
are ns follows a b 1 mm c d 4 mm e 5 mm f 6 mm g mm 

h 7 mm i s mm j k 11 mm 1 13 mm m 14 mm n U mm o IS 

mm P full term fetus 

I VI—aortic arches c d a common dorsal aorta lnt car r and 1 
right and left Internal carotid arteries ext car external carotid arteries 
In innominate arteri \ert \ertebral nrter\ subc subcla\ Inn nrter>. 

A t. aortic trunk 

Vote In g aortic arches I and II hate completed disappeared In 1 ex¬ 
ternal carotid artert appears from mid portion of aortic arch III In m 
the segment of dorsal aorta between aortic arches III and I\ is disappear¬ 
ing to form the definitive con mon and internal carotid arteries—(From 
^ongdon taken from Jordan and Kindred Textbook of Embr\ologv 5th 
D Appleton-Centurt Co 


entodeimal evagmation conespondmg to each ectodeimal 
gioove is teimed a phai vngeal pouch These aieas of contact 
oi neai contact aie teimed closing membianes and conespond 
to the gill membianes of aquatic animals 

Some aicli stmetuies aie exident befoie the aiches aie 
evteinalh e\ident, i q Congdon lepoits the aoita of the fust 
aicli is piesent in a 1 3 mm , 01 19-da^-old embi\o Similaih 
Fiazei* leports that at the time the Msible manifestation of 
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Fig 1 B About the middle of the slvth " eek Length 10 mm note 
cer\ical sinus further recessed and prominence of first and second arches 
"1th hyomandibular cleft or first groo-ve 

and mfenoi, and cephalad and caudal lathei than antenoi 
and postenoi will be used 

The aiches appeal externally fiom the fouith thiough the 
sixth weeks (embiyo lengths 4 mm to 13 mm ) Only foiu 
aiches appeal externally m man, the fifth and sixth aiches 
not being lepiesented on the suiface The aiches consist of 
mesodeimal bais coveied by ectodeim externally and ento- 
deim internally Caudal to eacli bai, and numbeied accoidmg 
to this bai, aie the bianchial giooves (clefts 01 funows) , 
heie the ectodeim and entodeim appioach each othei, with 
the mesodeiTn m a lelatively thm layei between them The 
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Fie: 4 Lateral X-rat authors case with liplodal filled tract Note 
Its course anterior to the carotid sheath and just dorsal to the lesser 
cornu of the hjoid 

For roentg’enofn*nms of complete fistulae surgicall\ prcN en to ha\e 
passed between the internal and external carotids and for a roentpenopmm 
of a third pouch oriptn incomplete internal fistula suppesting- a course 
dorsal to the carotid axis (not aurgicall-\ confirmed) see Parsons Philip 
B Lateral Cer\ leal Sinus Report of Three Cnses with Brief Re-view of the 
Literature Amer Jour Roentgenol G7 757-762 Mai 1^52 


aich stiuctuies including the stylophaivngeus, the fistula 
may, and has, passed beneath, ovei 01 even thiough the 
muscle Much heated debate has ensued, the basis of aigu- 
ment 1 evolving aiound the concept that if the anomalous 
fistula passed caudal to the thud aich stiuctuie, the stvlo- 
pharvngeus, the fistula should be of thud aich ongm As 
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Ventral pharyng 

Aorfic sac 


-TharynqealpouchZ- 

Left internal carotid art 
laryngeal pouch It 

Ionic arch HL 
IPharvnqeal pouchUL 
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tharynqealpouchR 

rft i 



Aortic trunk 
Rjimonary trunk 

Left pulmonary art- 
Lung pnmordium — 


Aorfic arch ILL 

Intcrsegmenb! 
artery 


Esophagus L&H peered dorsal 

aorta 


Fig 3 Laterlal -view of aortic arches of left side of an 11 mm human 
embrjo The 'x was added b\ the author to mark the approximate site at 
which the extei nal caiotid arterx will come off at the end of the arch 
phase (13 mm embno) 

Note Anj third pouch deii\ati\e whether branchiogenic fistula or 
thj mic duct x estige is related caudal to the common-internal carotid axis 
derixed from aortic arch III (Fiom Congdon taken from Jordan and 
Kindred Textbook of Embrj ologx 5th Ed D Appeton-Centurj Co 194S) 


the thud aich externally is fading, the deepei stiuctuies as¬ 
sociated with the aich have eithei disappeaied 01 migiated 

This piocess of appeal ance and disappeaiance, migiation 
oi non-migiation, lesults m many contioveisies m legald to 
anomalies and then vanation fiom case to case Seveial 
instances of this, m which earhei foimed stiuctuies migiate 
oi disappeai befoie certain latei stiuctuies appear, will be 
touched on in this papei Foi example, the stylophaiyngeus 
muscle, a thud aich denvative, migiates cephalad into the 
domain of the second pouch, and if an anomalous fistula de¬ 
velops fiom the second pouch, depending on the exact time 
of its development m lelation to the migiation of the thud 
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FlS 6 Schematic figure to show the \eEtigeal structures In the neck 
^ Ith their relations to main arteries and ner\es I-d Il-d dorsal angle’* 
of first and second lateral pouches II-a III Internal pharjngeal 

ducts deri\ ed from \entral angles of second third and fourth lateral 
pouches 2 3 4 external phar\ngeal ducts derUed from second third 
and fourth external groo\es V la\er of entodermal cells cut off from 
lower part of Eustachian tube E Eustachian tube E C external carotid 
I C Internal carotid Th G Duct, th\ roglossal duct. Note Junction 
Points of n-\ in and ^ ith 2 3 and 4 respeettvelj are the closing 
membranes—(As redrawn b\ Proctor 21 from Frazer 1 ) 


coupled with the appeal ance and disappeaiance of majoi vas- 
culai stiuctures in the bianchial aich aiea 

Each arch develops an aorta, a cartilage and muscle tissue 
and associated with each, but not dei eloped initially within 
it, 18 a cranial nerve The Vth, Vllth, IXth and Xth nerves 
nre associated lespectiveh with the fust, second, third, and 
fourth and fifth aiches, the supenoi laryngeal division of 
the Xth neive, with the fourth aich, and the mfeiioi larvn- 
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will be bi ought out in this papei, the moie peitinent ciitena 
aie the 1 elation to vessels and neives, and the site of internal 
opening foi a fistula, lelations to muscles, as with the stvlo- 
phaiyngeus, is not as decisive In the same mannei it will 
be explained m moie detail that whethei a second pouch 
fistula passes between the eaiotid aitenes 01 antenoi oi 
vential to both, is a lesult of the developmental time lag, 
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will of necessity pass caudal, 01 beneath the body of the hyoid, 
or thxough the thyio-hjoid membiane (see Fig 9) The 
muscles developed m the aiches m some instances migiate a 
considerable distance, and then ongm is identified by their 
mneivation, eg, the occipito-fiontalis is consideied a second 
arch derivative, as it is mneivated bv the neive associated 
with the second 01 hyoid aich, the facial 01 VHtli nerve The 
stemocleido-mastoid, tongue and mfiahyoid muscles are 
thought to migiate fioni the occipital and upper cervical 
mvotomes, as nerves fiom these legions innervate them The 
tonsil fossa is bounded bv the palatoglossus and palatopharyn- 



. Fig S Outlines of left half of phannv and tubo-t\ mpame reeess (T T) 
In embn os of 16 IS 22 26 and 35 mm seen from abo\e to snow tne ior 
ward growth of the third arch (arrow) pas>=tnp betu ee " Ity twmP»n™ 
(T) and the phar\ n\ (P) R Reicherts bar IX «rlo«'ophar-\ ngeal nert e 
E Eustachian tube—(From Frazer ) 


geus muscles, which aie variously identified with the Xth 
and Xlth nerves (via the pharyngeal plexus) and so cannot 
be definitely categonzed as to arch of ongm, if of aich origan 
In geneial, it can be stated that muscles are not alwajs com¬ 
pletely lehable guides m the studv of bianchial anomalies 
As Fiazei points out, the most lehable relationship is to 
vessels and nei\es, piovidmg the vessels themselves aie de¬ 
veloped noimally Wenglow ski,- m Ins attempt to prove 
complete lateial fistulae vveie of thvmic duct origin, claimed 
that fistulae opening m the region of the tonsil fossa, did not 
open into the fossa propel but vveie in 1 elation to the pala¬ 
toglossus, which he stated was innervated bv the IXth nerve 
and so claimed this relationship indicated thud pouch origin. 
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geal with the fifth aich The pumitive aich aortae will be 
discussed m a sepaiate section The caitilages develop into 
adult bony and ligamentous stiuctuies including the mandible, 
ossicles of the middle eai, the stylohyoid ligament, the hyoid 
bone and the laiyngeal and thyioid caitilages The lessei 
cornu of the hyoid is deiived fiom the second bianchial aich, 



Fig 7 Pharyngeal floor In 16 mm embryo Tubo-tj mpanlc recess 
marked off by a groo\e from the general pharvngeal ca\lt> M R 
Meckel s and Reichert s bars IX glossopharyngeal nerve a condensation 
of handle of malleus b gToove produced h\ this c mesoderm of second 
arch 2 dorsal and lateral part of second lateral pouch 2-V 3 and 4 
levels of ventral ends of the corresponding lateral pouches Note the 
second pouch extends from the lateral extremity of the tubo-tympamc 
recess to the base of the tongue from 2 to 2-V (cf 2-V to 2 with II-\ to 
Il-d Fig 6) —(From Frazer 7 ) 


as aie the stapes, styloid piocess and stylohyoid ligament 
An elongated styloid piocess may actually join with the lessei 
cornu of the hyoid The body of the hyoid is deiived fiom 
the third aich, theiefoie, congenital fistulae 01 othei anomal¬ 
ous bianchial vestiges of second pouch and gioove deiivation 
will of necessity couise above the body of the hyoid and doisal 
to the lessei cornu (see Fig 4), while thud pouch denvatives 
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m fact, as will be discussed moie fully latei, fistulae do open 
into the tonsil fossa piopei, and also m lelationship to the 
postenoi pillai, and eien to Rosmmullei’s fossa 

THE BRANCHIAL OR CLOSING MEMBRANES 

In aquatic vertebiates the ectodeimal and entodermal tissues 
of the grooves and pouches make dnect contact to form the 
bianchial 01 closing membianes, which bleak thiough normalh 
to form the gill slits and subsei\e thus a lespnatoiw function 
Onh in the fust grooie and pouch m man is direct and meas- 
ui able contact made which persists post-embn onally as the 
tympanic membiane Eien heie, m line with the distorted 
lecapitulation mentioned in the mtioduction, Hammai (1902) 
and Wenglowski 3 leport that in human embrvos the first 
pouch and cleft cross each othei m “X”-fashion so that w hile 
contact is constant it is limited m aiea to this point of moss¬ 
ing According to Wen glow ski, e\en the mesodeimal bai of 
the first aich is twisted so that the phaivngeal aspect of the 
aich lies ciosswise to the outei aspect In the pouch and cleft 
lelationships caudal to the first theie is similai distortion 
the only consistency being that there is some aiea of contact 
between the second pouch and cleft to allow foi closing mem¬ 
brane formation, though not alw ay s at the same level Ham- 
mar, quoted by Wenglowski, found mao mm human embrs o 
that the aiea of contact was with the ventral hom oi exten¬ 
sion of the second pouch, while Wenglowski, m a 65 mm 
embryo, found the aiea of contact with the doisal extension 
For the thud and fourth pouches and clefts the relations are 
more inconstant, w ith closing membi ane formation sometimes 
occumng foi the thud, and e\en less likelv foi the fourth 
In Hammar’s embryo the thud and fourth pouches extended 
into the mesoderm uni elated to the giooies In a 6 5 mm 
embrvo, Wenglowski found the gieatei part of a short third 
pouch taken up m foirmng a closing membiane In an 8 mm 
embno, theie was vanation between the two sides on one 
side theie was a small closing membiane, while on the othei 
side there was a thick laiei of mesodeim sepaiatmg the 
pouch and cleft Pieisol (1888) quoted bv Hvndman and 
Light,- and Wenglowski concluded fiom a studi of labbit 
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Pig 9 Schematic diagram fiotn Brans Anatomic des Menschen Bd - 
ns lediawn by Proctor 21 in which Ib collected a number of anomalous con¬ 
ditions On the subject a right note undescended pftrathyroid III residual 
thymus cord and a branchial fistula from pharyngeal pouch III A pre- 
\ious connection of the fistula with a diverticulum of the supratonslllar 
fossa is broken Center persistent thyroglossal duct. On the subjects 
left note a diverticulum of pouch III an incompletelv descended thymus 
still attached to parathyroid III and a fistula of second pouch origin 
Note The piesentatlon on both sides of third pouch flstulae emanating 
from the thyro-hyold membrane passing dorsal to the common carotid 
and then lateral to the great \easels however the presentation of the 
thymus cord passing medial and ventral to the carotid Is not embrvologl- 
cally sound See Fig 3 and Frazer a Manual of Embryology 7 
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fmitive foim at the end of the aich phase fiom the mid-aich 
portion of the thud aich aoitae The doisal aoitae cephalad 
to the tlmd aich continue as the internal caiotids, and give 
nse to the ophthalmic and middle ceiebial artei les Eventu¬ 
ally the segments of doisal aortae between the thud and 
fourth aiches disappeai, to foim the definitive internal caio¬ 
tids (see Fig 2, m) It must be assumed that a bieakthiough 
fiom the second pouch to the second cleft, to foim a congenital 
fistula, occuis m the aich phase, befoie the definitive ex¬ 
ternal caiotids aie even foimed In Fig 3 is Congdon’s 
diawing of the lateial view of the aoitic aiches of the left 
side of an 11 mm human embryo, m the lattei phase of the 
aich system, but befoie the definitive external caiotids aie 
foimed I have taken the liberty of maikmg the appioximate 
point of ongm of the external caiotid with “x ” It is quite 
appaient that whethei a fistula passes between the external 
and internal caiotids, oi vential to both vessels, depends upon 
whethei the external caiotid links up with its cephalad couise 
doisal or vential to the second pouch In seveial clinical 
descuptions the fistula couises between the caiotids, and m 
the cases of Dowd, 13 Klemeit 10 and the authoi, the couise is 
vential to both The suigical significance lies m the fact 
that wheie the couise is antenoi oi vential to the caiotids 
the suigery is lendeied simple This lelationship can be 
detei mined pieopeiatively by an X-iay study with the fistu¬ 
lous tiact filled with a ladio-opaque matenal It will be 
seen fiom the lateial X-iay (see Fig 4) that the tiact ciosses 
the hyoid almost at the lessei comu, and lies fai antenoi to 
the usual couise of the caiotid sheath Wheie the tiact 
ciosses the hyoid moie postenoily, and is in topographical 
i elation to the caiotid sheath, it can be expected that the 
couise will he between the external and internal caiotids, 
and the suigery lendeied moie difficult It also follows fiom 
Figs 3 and 6, that a thud pouch denvative would have to 
couise doisal to the thud aich vessels, the common, and, oi 
internal caiotids 

Wenglowski admittedlj could not follow the complex de- 
\elopment of the aich vessels, and ignoied these -\essels m 
lelation to the development of fistulae, he felt that muscle 
lelations weie moie significant 
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embryos that a bieakthiough could occui only via the second 
closing membiane Caip and Stout 0 lefei to Rabl’s findings, 
that the second gioove is deepei and peisists longei, and so 
is the logical point at which a fistula could entei the phaiynx 
They refei also to the piogiessively tlnckei layei of mesoderm 
between the grooves and pouches m the moie caudal stmc- 
tuies The thud and fourth pouches aie pumanly concerned 
with the development of the thyroid, paiathyioid and thymus 

THE AORTIC ARCHES—ORIGIN OP THE EXTERNAL CAROTID ARTERY 

The most lecent and compiehensive study of the develop¬ 
ment and modification of the aortic aiches of the human 
embiyo is that of Congdon 2 (1922) The aortic sac 01 bulbus 
artei iosus, the heart pnmoidium, communicates via the ves¬ 
sels of the branchial aiches, teimed the aich aortae, with the 
paned doisal aoitae (see Fig 2) Development of the aicli 
vessels is accomplished by the fusion of doi sally gi owing 
spiouts fiom the aoitic sac, with those gi owing ventncally 
fiom the doisal aortae The fust and second aortic aiches dis¬ 
appear duimg the time the thud pail of aiches is foimmg 
(see Fig 2, a-f) A mandibulai arteiy glows into the legion 
f ormeily occupied by the flist aortic aich, and a stapedial 
arteiy leplaces the second aortic aich in the second oi hyoid 
bianchial aich These secondarily formed a itenes are 
blanches of the doisal aorta, and have no continuity with the 
aortic sac It has apparently been assumed that the arch 
aortae of the second arch develop into the external caiotids 
Obviously this is not so The aich aoita of the third aich 
is the most cephalad one, which peisists as the pnmoidium of 
an adult vessel The thud aortic aiches peisist as the loots 
of the internal caiotid arteiles and fiom then antenoi sur¬ 
faces, just about the end of the bianchial aich phase in point 
of time, theie anse the external caiotid artei les (see Fig 
2, 1) , hence, the base of each thud aich between the external 
caiotid and the aortic sac becomes the common caiotid arteiy 
(see Fig 2, n) 

To lepeat foi emphasis, the aortic aiches of the second 
bianchial aiches disappeai and take no part m the foi matron 
of the external carotid arteries which fust appeal m de- 
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takes place, howevei, long aftei the aich phase has passed, 
that is, in the fourth month The cnpts foim m the low ei 
portion of the angle The uppei pait hangs ovei this mgi oirth 
as the supiatonsillai fossa L\mplioid tissue mfiltiation 
takes place even latei 

In Wenglowski’s time tlieie was consideiable contioveisj 
ovei the 1 elation of fistulous openings to the stvlopharyngeus 
muscle, wdncli is mneivated by the IXtli neive which couises 
just deep to it Being innervated b\ the IXth neive, it is a 
thud aicli dematrve As descubed above, howevei, the tlmd 
aich mesodenn secondanh nngiates into tins aiea during 
the aich phase of development It would seem, theiefoie, 
that a fistula opening into the pharvnx in tins legion emanates 
fiom second pouch area, and its 1 elation to the stvlophaivn- 
geus muscle is accidental and of secondan importance m 
deteinnning the oiigm of the fistula (see p 4 section on 
Aiches) It would appeal that a fistula opening anvwheie 
fiom and including the tonsil fossa to the legion of the 
Eustachian onfice is consistent with second pouch oiigm 
piOMdmg, of couise, \asculai and neive lelations aie con¬ 
sistent with this Vanous sites of fistula opening mentioned 
m the liteiatuie aie the supiatonsillai fossa, Rosenmullei’s 
fossa, postenoi pillai, tonsil fossa piopei and even just below 
the tonsil fossa In the authoi’s case, die injected into the 
tiact pieopeiativeh appealed m a laige uppei pole civpt 
Tavloi and Burnell 1- (1954) lepoited seveial cvsts as lesiduals 
of the second pouch, which extended fiom the tonsil fossa 
to the legion of the Eustachian onfice In tivo of these cases 
the cvsts weie bilateial, minimizing am contention that these 
might be oidman letention cists 

The tlmd pouch, like the second, deielops doisal and lential 
angles The internal opening of a lestige of the tlmd pouch 
would liaie to be i elated to the pmfoim fossa, accoidmg to 
embryologists Its lelationslnp to the caiotid axis should be 
caudal If tlieie weie a closing membiane bieaktlnough with 
a complete fistula, it should open extei nalli sinulai to a second 
membiane fistula The onli diffeience fiom a second pouch 
complete fistula then would be m the level of the internal 
opening and the caiotid axis lelationslnp Tlieie is no case on 
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FATE OF THE PHARYNGEAL POUCHES—THE THYMUS 

The foiegut is a pi elongation of the pumitive intestinal 
canal Theie is no coelomic channel on eithei side of the gut 
at this level, the entodeim being separated fiom the ectoderm 
by solid mesodeim, thus, with geneial growth of the legion 
the primitive phaiynx mci eases in bieadth Condensations 
m the lateial mesodeim cause thickenings to form the aiches 
The lateial portions of the widened phaiynx expand m a 
doiso-vential plane to foim the lateial phaiyngeal pouches 
between the indentations caused by the aiches The lateial 
pouches develop doisal and vential portions 01 angles The 
ventral angle of the first pouch is obhteiated The doisal 
angle, in conjunction with the doisal angle of the second 
pouch, foims the tubo-tympanic lecess (see Figs 6, 7) 

In the case of the second lateial pouch the distance between 
the angles mci eases lapidly The doisal angle is mcoipoiated 
into the tubo-tympanic lecess fiom which aie foimed the 
Eustachian tube and middle eai space The vential angle 
extends fiom the Eustachian orifice to and including the 
tonsil fossa legion Accoidmg to Frazei," the sepaiation of 
the dorsal and vential angles takes place m this mannei as 
the tubo-tympanic recess is foimed, the second aich lies 
vential to the lecess, the fust aich comes to form the sloping 
cephalad wall and the thud arch the caudal wall The second 
aich giowth is most effective externally, and it is a piomment 
stiucture externally with its groove forming the tiansveise 
flexure line of the post-embryonic neck The thud aich, on 
the othei hand, has its most effective giowth internally Its 
internal bulge fust delineates the tubo-tympanic recess caud- 
ally By continued growth of the thud arch it appioaches 
the fust arch cephalad, thus nan owing the tubo-tympanic 
recess medially to foim the definitive Eustachian tube and 
separating the doisal and vential angles of the second lateial 
pouch (see Fig 8) The vential angle of the second pouch 
can then be seen to occupy the aiea lateially from the Eus¬ 
tachian onfice to the base of the tongue External to this 
entodeimal expansion of second pouch ongm is the thud 
aich mesodeim Fiom this vential angle, entodeimal m- 
giowths into the mesodeim foim the tonsil crypts This 
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heients claiming foi them entodeimal ongm 0 Muscle and 
glandulai tissue aie not a pait of normal post-embiyomc 
thymus tissue, though commonly found m lateial fistulae 

The ongm of Hassall’s coipuscles, the distinctive constitu¬ 
ent of thymic tissue, is most conti oveisial Fiazei points 
out that theie develops in some lovei mammals a “supeificial 
thymus” m association with the ectodeim of the thud cleft 
His, m 1881, thought the thymus developed fiom the flooi 
of the cervical smus in the legion of the thud cleft, but latei 
changed his mind Wenglov ski in 1913, m attempting to 
explain stiatified squamous epithelium in complete lateial 
fistulae which he claimed weie vestiges of the thvmic duct, 
stated the thymic tiact is m ielation to the thud cleft m the 
smus and has been seen to iom with this ectoderm, and men¬ 
tions this ectodeim as a possible souice of Hassall’s coipuscles 
He stated, howevei, that this taking on of ectodeim fiom the 
ceivical smus occuis only m those cases of fistula m which 
ectodeimal, as well as entodeimal, epithelium lines the tiact 

Noms 10 m 1938 descnbed what he teims the discovery of 
the ongm of Hassall’s coipuscles He states that the vential 
hoin, oi angle of the thud pouch, contacts the ectodeim of 
the thud bianclnal cleft m the pieceivical smus, and that a 
poition of this cleft buds and joins the thymic anlage as 
an onlay coveung the entodeimal thymus cold to foim the 
cortex containing the Hassall’s coipuscles Maximow and 
Bloom, 11 m then textbook of lnstologv, state howevei, that 
Hassall’s coipuscles aie piedommantly medullaiy Ganett 1 - 
m 1948 was unable to conoboiate Noms’ claim of a contn- 
bution of smus ectodeim to the thymus, m fact, Ganett 
found that tlie thymic anlage couised neai, but leceived no 
contilbution fiom the placodal duct of the Xth nerve lathei 
than the tlmd cleft, and took exception to Noins' lllustiations 
on this point It is evident that an ectodeimal contiibution 
to the thymus has not been unequivocally established 

Aside fiom the laie possibility of a peisistent thymic duct, 
it is not unusual foi bits of thymic tissue to lemam in the 
cervical legion, posteiioi and lateial to the tlmoid lobes, oi 
associated with paiatliyioid III (Ungeison, 1906, Geiaid, 
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lecoid having - the lelations outlined above foi a complete 
third pouch fistula 

From the doisal angle of the thud pouch develops that 
portion of the paiathyioid gland not denved fiom the fourth 
pouch, or paiathyioid III Fiom the vential portion de¬ 
velops the thymus m the fifth or sixth week Theie is little 
actual descent involved, as it lies almost at once m relation 
with the pencaidium to the lateial side of the gieat vessels 
The distal end of the duct enlaiges to foim the definitive 
thymus, while as giowth goes on the stalk, elongates and 
then loses its phaiyngeal connection and its lumen is obhtei- 
ated The duct, by necessity, if it is of thud pouch oiigin, 
has to emeige caudal 01 doisal to the common-internal caiotid 
axis, the aiteiy of the thud aich (see Figs 3, 6) This is 
the same lelationslnp which would have to occui foi an 
anomalous bianchiogenic stiuctuie as a fistula Fiazei 
descubes the couise of the thymic duct as given above, emeig- 
ing fiom the thud pouch, com sing doisal to the caiotid axis 
and then extending lateial to these vessels to the peiicaidium 
In oldei diagiammatic lepiesentations (see Fig 9) a diffeient 
couise is shown foi a thud pouch bianchiogenic fistula (which 
is shown taking the expected couise) and the thymic duct 
The thymic duct is shoivn emeigmg fiom the thyrohyoid 
membiane, consistent with thud pouch oiigin, but it then 
turns down medial to the caiotid axis Wenglowski ad¬ 
mittedly could not follow the complicated development of the 
caiotid vessels and discounted them as guides as to ongm of 
fistulae He descubed the thymic duct as com sing “con¬ 
tiguous” to the vasculai sheath, but does not specify as to 
whethei it is contiguous doi sally, medially, lateially oi ven- 
tially It seems logical and consistent, howevei, m the light 
of Congdon’s (1922) descnption of the aortic aich system 
and Fiazei's descnption of the couise of the thymic duct, to 
hold to these catena m inteipietmg the oiigin of fistulae 

The thymus bnefly consists of a coitex and medulla, not 
shaiply diffeientiated, and contains lymphoid tissue, Hassah’s 
corpuscles and a stioma The ongm of these elements, ento- 
deimal oi otheiwise, is conti oveisia] Even the syncitial 
portion of the connective tissue and lymphoid cells have ad- 



HIMALSTEIN LAT VESTIGEAL STRUCTURES 


1747 


fouith, until in this mannei the second gioove and the moie 
caudal aiches and grooves aie coveied m bv the second aich 
Rabl, in 1886, claimed the third aich did not oveinde the 
fourth Rabl, m 1907, descubed a fusion between the second 
aich and the thoiacic wall piecuisoi as the means bv which 
the sinus is closed Accoidmg to Fiazei, Rabl woiked with 
moles and not human embijos 4 


The following descuption of the closuie of the piecervical 
sinus, based on Rabl’s woik, has foi a long time been accepted 
The sinus is at fust widely open lateiallv As the second aich 
glows caudally the opening of the sinus is nailowed to a duct, 
the pieceivical duct Aftei closuie of the duct externally, a 
closed space is formed, enclosing the second, thud and fourth 
giooves, and the thud and fourth aiches (see Figs 6, 10) 
If one of the closing membianes bleaks tluough, a communi¬ 
cation is established between the piimitive phaiynx and the 
smus, and if the piecervical duct lemams patent, a complete 
fistula is established With furthei giowth of the embrvo, 
the giooves enteung the sinus aie elongated into ducts and 
the arrangement described is that of the thud and fourth 
ducts joining to form the pieceivical duct with the second 
gioove duct opening into the neck of this piecervical duct 
(see Fig 6) Eventually the ducts and smus are nanov r ed 
and obhteiated The explanation of whether a complete 
fistula opens high oi low m the neck, based on this concept, 
depends on the length of the pieceivical duct, howevei, Wen- 
glowski, Fiazei and Ganett maintain, as shown below, that 
the third aich is not obhteiated in the piecervical smus, and 
so makes difficult an explanation of the external opening of 
lateral fistulae based on a bieakthiough of the second closing 
membrane communicating externally via the duct of the pie¬ 
cemeal smus Wenglowski and Fiazei hold that while the 
second aich glows much laiger than the thud, the thud is 
not telescoped by it, and it is the thud aich which fuses with 
the thoracic wall Wenglowski’s conti lbution was that he 
first noted that the third aich was not obhteiated m the 
piecemeal smus development He ened, how r evei, m main¬ 
taining that the thud arch could not be lepresented post- 
embryomcallv below the level of the lvvoid Actualh, the hi oid 
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1928, Nonis, 1937) Conveisely, a case with paiathyioid 
tissue within the thymus is on lecoid (Chui chill and Cope, 
1934) Failuie of descent oi a true ceivical thymus, on the 
othei hand, is laie 

In summaiy, what should distinguish a complete fistula of 
thud pouch ongm fiom a fistula of thymic duct oiigm’ Foi 
both, they should open internally m the pyuform fossa, pieice 
the thyiohyoid membiane and couise doisal oi caudal to 
the caiotid axis Fiazei tiaces the couise of the thymic duct 
as lateial to the gieat vessels to the thoiax, while Wenglowski 
tiaces the couise as “contiguous” to the vasculai sheath and 
then along the antenoi boidei of the steinomastoid A thud 
pouch fistula, oi a second pouch fistula foi that mattei, has 
an external opening embiyologically thiough the conespond- 
mg bianchial gioove A thymic duct noimallj has no ex¬ 
ternal opening, and Wenglowski, as will be discussed undei 
“The Refutation of the Thymic Duct Theoiy,” explains this 
as due to secondaiy suppmation 

The fouith pouch contilbutes paiathyioid IV A vestige of 
fourth pouch ongm, because of its lelations to the aorta of 
the fouith bianchial aich, would have to loop around the 
aorta on the left oi the subclavian aiteiy on the light, as these 
aie fourth aich aoitae denvatives (see Fig 6) No such 
lelationship has evei been leported foi a fistula, also, should 
such a fistula exist, it would couise caudal to the supeiioi 
laiyngeal neive, the neive associated with the fourth aich 

THE DISAPPEARANCE OF THE PRECERV1CAL SINUS 

Initially the foui external aiches aie equally distinct on the 
vential aspect of the head The fust and second aiches giow 
moie i apidly, and soon the pieceivica) sinus is a depiession 
between the second aich cephalad and the caudal maigm of 
the sinus field, the piecuisoi of the postenoi neck and chest 
wall (see Fig I-A) In this depiessed aiea aie the thud and 
fourth aiches and the giooves of the second, thud and fourth 
aiches His, m 1881, descubed the foimation of the pie- 
ceivical sinus as a telescoping process, cephalad to caudad, 
with the second aich ovemding the thud, and the thud the 
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, Flgr 11 Region of the precervlcal sinus in a 10 mm embrjo left side 
I II m branchial arches P pericardium pi d IX placodal duct of IXth 
nerve pi a. X, placodal area of the Xth nerve The widely open placodal 
recess of the vague pi a X, is below and behind the narrow duct, pi d IX. 
leading to the glossopharyngeal ganglion The epipericardial ridge is very 
prominent below and behind the third arch The shaded area at the upper 
©nd of the first groove will develop into the pinna the second groove 
will become the transverse flexure line of the neck and the ectoderm over 
arch III will occupy the approximate region of the anterior triangle of 
the neck Visualize as the head lifts from the pericardium the region 
I II and III rotating clock-wise with the fulcrum at III (see Fig 16) 
(From Frazer 1 ) 


the hyoid, doisal to the lessei comu and beneath the postenor 
belly of the digastnc, was ignoied by Wenglowski m his claim 
that these were more pioperly of thymic duct (thud pouch) 
ongm 

Frazei/ m 1926, woikmg with human embiyos, confirmed 
that the third aich is not obliterated m the pieceivical sinus, 
and in addition showed by logical mfeience that it is lepie- 
sented on the post-embryonal neck as the appioximate legion 
of the carotid tiiangles (see Fig 5) Doisally the sinus aiea 
is bounded by the pai axial tissues delimiting the uppei ex¬ 
tremities of the thud and fouith aiches and then lespective 
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Fig 10 Shoeing" earl\ de^ elopment of the pharyngeal 'wall A Showing 
proximity of ectodermal floor of branchial clefts to entodermal pharjngeal 
pouches B Rapid growth of the (hyoid) arch n overshadows postoral 
arches forming the cer\ leal sinus C Occlusion of the cer-sical sinus 

Note This is based on the old concept of Rabl Contrast with Figs 11 
13 16 —(As redrawn b> Proctor 51 from Ward and Hendricks 1 *) 


is formed fiom both the second and thud aich cartilages, with 
the second aich forming the lesser cornu and the thud aich 
the greater cornu and body, thus a second pouch ongm 
fistula passes above the hyoid but postenoi to the lessei cornu 
The level of the second 01 hyoid aich is moie accuiately de- 
scubed as that of the postenoi belly of the digastnc and 
stylohyoid muscles, which aie second aich denvatives, inner¬ 
vated by the Vllth neive The couise of lateial fistulae ovei 
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\eloped the cla-wcle, and \entialh* its cell tiacts contact the 
hvoid bone ludiment 

Only the fust 01 mandibnlai aiches meet -ventialh* m the 
midline The vential extiennties of the moie caudal aiches 
aie sepaiated, with the gap piogiessrveh* widei foi the moie 
caudal aiches In apposition to tins aiea of gapping is the 
peiicaidiuni (See Fig 12) The epipencaidial ndge, as al- 
leadi descubed, turns medially beneath the \ential extremi¬ 
ties of the tlind and second aiches and then its cell tracts 
course between the peneaidium lentiallv and the pharynx 
doisally to bin\ themsehes in the mandibulai aiches In 
this inteiyal between the aiches ientially aie developed the 
tongue muscles and hyoid bone ludiment 

At this eaily stage, Fiazei calls attention to the piesence 
of areas of thickened ectoderm, the placodal aieas, m the 
pai axial boundair tissue doisal and caudal to the sinus field 
This ectodeimal thickening latei becomes anatomically le- 
lated to the nene rudiments of the deepei hung ganglia of 
the IXth and Xth neives Similai moie cephalad thickenings 
are 1 elated to the Vtli and Vllth nene ganglia They appeal 
to make no Mtal conti ibutions to the nei\es mentioned, and 
Fiazei admits ignoiance of then possible function Aiev lj 
states that epibianchial placodes originate at the doisal ends 
of the bianclual clefts, and in some lowei \eitebiates cellulai 
piolifeiation fiom them cleailv adds to tlie neighboung 
ganglia In lughei animals and man, Aiey states that the 
lelations aie less plain, and indications of conti ibutions to 
the ganglia is m dispute Regaidless, these ectodermal pla¬ 
codes overlav the uppei pait of the third aich and adjoining 
second cleft in 1 elation to the deepei lying IXth nene ganglion 
and encompasses also the gieatei part of the fourth aich 
and the caudal boundarv of the field m 1 elation to the Xth 
nene ganglion By a piocess of thickening and infolding the 
placodes aie fust lecessed and then foim ducts leading to 
expanded -vesicles m 1 elation to the lespectrve neive ganglia 
E\entually the vesicles and ducts aie obliteiated In this 
piocess of thickening and infolding the stiuctuies of the cei- 
ncal sinus aie secondanly and passu eh* affected The fourth 
arch is completely engulfed The duct of the IXth placode 
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giooves, which make up the depiessed aiea of the ceivicai 
sinus This pai axial tissue is continued caudally and vential¬ 
ly The vential continuation of this boundaiy tissue is known 
as the epipencaidial ndge (see Fig 11) and is mteiposed 
between the venti al extiemities of the second, thud and 
fourth aiches and the pencaidium The udge passes medially 



Fig 12 Semi schematic 'lew of the lower aspect of the pharjnEeal 
region the pericaidlum having been removed sale for its roof I h ui 
IV pharjngeal (branchial) aiches P roof of pericardium The wlioje 
region Is aoniewhat flattened out to show the relations Between tne 
pericardium and \entrai arch extremities is shown the extension ot the 
epipericardlal ridge (dotted lines) In this area will de\elop the tongue 
muscles and hjoid rudiment—(From Frazer 1 ) 


beneath the venti al extiemity of the thud aich, but the tiact 
of cells foimmg the udge continues fonvaid to pass internally 
to the lowei end of the second aich. The udge thus connects 
the aiches with the pencaidium as fai foiwaid as the level 
of the second aich In the udge aie found stiuctmes vital 
to this discussion, namely the stemomastoid and infrahyoid 
muscles and the Xllth neive Within its aiea is also de- 



HIMALSTEIN LAT VESTIGEAL STRUCTURES 


1753 



13 Human embrvo 10 o mm right aide v o2 Third cleft ob¬ 
literated I ii in TV branchial arches 1 2 first and second branchial 
clefts 4 fourth branchial cleft engulfed b\ placodal duct of \th nene 
# p of th lrd pharj ngeal pouch RCS and CCS rostral and caudal parts 
or the cer\ leal sinus TTV thoracic bod\ ^all ^ \agus nene In the 
?u eCe ? insr microphotograph in Garretts paper that of an 8 mm embr>o 
tne placodal duct of the tXth nen e is shov\ n as a dorso-caudal e\ agination 
the sec °nd cleft into the tissue of the third arch to come into relation 
'ntn the glossopharv ngeal trunk. The placodal \esicle of the Xth nene 
c bas its greatest prominence later at about 12 mm hen the last 
traces of its connection with the cen ical sinus become obliterated—(From 
Garrett, F D Development of the Cer\ Ical A esicle* in Man 1 Fig 1 
*^ate I Anatomical Record ion ill ) 


and Xth nerves, 01 expiessed simph, the cervical smus ob¬ 
literates bj a fusion of its ectodeimal lining fiom within to¬ 
ward the surface Second, he demonstiated that the third 
arch contributes to the formation of the ventral portion of 
the neck, namely, the aiea of the caiotid triangles In effect, 
nevertheless, the thud arch fuses with the precuisoi of the 
posterior neck and thoiacic wall 

At the time of the last flattening out of the thud aich the 
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can be seen (see Fig 11) to be located above the thud aich 
m 1 elation to the doisal extent of the second gioove Accoid- 
mg to Ganett, it foims an appendage to the second cleft 
Fiazei states the thickening and infolding bulges above but 
does not covei oi invade the thud aich aiea Ganett, 1 - m 
confirming and enlaigmg on Fiazei's findings m 1948, states 
they have since been completely ovei looked m the anatomical 
hteiatuie, and almost so m the clinical hteiatuie Wliat 
oldei wiiteis desenbed as the pieceivical sinus disappeaung 
thiough a fusion of the second aich with the thoiacic wall, 
with the sinus leduced to an ectodeimally lined cyst opening 
on the suiface by a duct, has been dispioven The pieceivical 
sinus itself is nevei closed off to foim an ectodeimal lined 
cyst, only the placodal ducts aie involved One of Ganett’s 
miciophotogiaphs m paiticulai staitlmgly lesembles the de- 
scuption of the piecervical sinus duct anangement of eailiei 
wnteis, namely, that of the thud and fourth clefts opening 
into the duct of the pieceivical sinus with the second cleft 
opening into this duct What appeals to be the fourth cleft, 
however, is labeled the placodal duct of the Xth neive with the 
thud cleft obhteiated, but with the thud pouch appended to 
it but sepaiated by a thin layei (see Fig 13) 

The disappearance of the thud aich as a piojection on the 
surface is explained on the basis that the aich is concerned 
m the foimation of many important stiuctuies m and about 
the pharynx, but not on the suiface, and its appeaiance m 
the first place is only the lesult of its growth and condensa¬ 
tion when the wall of the phaiynx is lelatively thm The 
second groove, on the othei hand, outlines and maintains the 
piommence of the second aich because it becomes the trans¬ 
verse flexuie line of the neck The second aich lemaras 
piomment postenoily also, because fiom it and the adjoining 
fust aich postenoily aie developed the pinna (see Fig 14) 

To summarize Fiazei's contributions here, he demonstiated, 
fust that the ceivical sinus was not obhteiated by a fusion 
of the second aich noth the thoiacic wall piecuisoi to en¬ 
close an ectodermal sac Rather, he showed that the bianchial 
stiuctuies involved m the sinus aie passively affected m the 
development and obliteration of the placodal ducts of the iXth 
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. Fie 14 B Human embryo of about seien -necks (17 mm) The head 
18 lilting - from the pericardium as the neck is forming the mandible is 
evident, and the pinna Is mo\Ing toward its final location (B\ courtesa 
of the Carnegie Institution of TN ashington ) 


occipital aiterj com sing lateiallv m the path of the Xllth 
nerve is engaged bv it, and so the Xllth neive comes to hook 
aiound this vessel m the neck (see Fig 5) Sometimes the 
paient vessel, the occipital alters, is hooked aiound It also 
stands to leason that a second pouch and cleft vestige vould 
couise vential to the IXth and Xth neives A thud pouch 
vestige v ould emeige caudal to the IXth nei\e and vential to 
the Xth neise 
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Pig 14 A- Human embr\o a little o\ei sl\ weeks (14 mm) retouched 
photo The pinna Is shown foimlng about the first groore poBteriorb 
the head still remains curled oter the pericardium the neck has not formed 
and the mandible has not grown sufficlentb to foice the pinna dorsalh 
(Prom Patten 0 b> courtesy of the Carnegie Institution of Washington ) 


stexnomastoid is distinct m the caudal boidei of the sinus 
field (see Fig 15) , also, com sing m this caudal boundaiy, but 
at a deepei level, and then turning to couise ventially to the 
smus field m the epipencaidial lidge, aie the tongue muscles 
and the accompanying Xllth neive It follows fiom this that 
any vestigial stiuctuie fiom the aieh aiea must couise vential 
to the Xllth neive, also, as the head glows awav fiom the 
pencaidium as the neck develops, and the Xllth nerve tiavels 
doisally m the outei layei of the mesodeim of the body wall 
to its final position, it would engage any stiuetuies corn sing 
lateially Fiazei states that the steinomastoid bianch of the 
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rnent condensation It is evident that the second gioove at 
its vential extiemitv is heie m intimate 1 elation with the 
clavicle and the mfiahvoid and steraomastoid muscles The 
lelationship is most pertinent (see Figs 15, 16) As vential 
gioivth pioceeds the mfi all's oid muscles, fixed to the hvoid 
above and the clavicle below aie diavn out on the \ential 


CL 



n Three schemes to show the situation acquired b\ the third 

.lot i i 18 nec ^ forms Cl gri\ es the greneral position and line of the 

«Mcle I ii in branchial arches P pericardium 

ern°* e ^ lsualire a persistent opening: at the \entral end of the second 
ite 0< l V ? }? Scheme 1 then consider till'- opening trapped or maintaining: 
mu*pi ^ ° n ^ ith the thoracic wall near the letter F As the Infrain old 

hrni k 0 f re n upward ns tlu In old mines upward thi«* opening is 

Infrlh 1 i!? to relation with the anterior border of the surnomastoid the 
01 * muscles rotate from a horizontal to a \erthal position and the 
Prflr ^ drawn \entrall\ at It* cltnicular attachment—(From 


side The steinomastoid bounding the thud aich caudalh 
is a fixed stiuctuie behind The flexuie line of the neck 
maiks off the second and fust aiches cephalad, so that the 
thud aich aiea b\ logical mfeience piacticalh conesponds 
" J th the skin co\enng the caiotid tuangles Fiazei does not 
contend that this conespondence to the caiotid tuangles is 
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THE NECK FORMATION AND A THEORY EXPLAINING THE 
EXTERNAL OPENING OF FISTULAE NEAR THE 
STERNOCLAVICULAR JOINT 

As noted above, the neck becomes evident as ventxal giowth 
becomes moie active and sepaiation fiom the peneaidium is 
effected As this vential giowth staits, theie aie impoitant 
changes lapidly taking place beneath the vential extiemities 
of the second and thud aiches m the epipencaidial ndge and 



Fig 15 Left side of region In an embrjo of 12 mm showing 
stiuctures behind the mouth m I II III branchial arches P pericardium 
ectodermal connections with placodal c> sts Indicated at pi r'C pi X me 
third arch is less prominent and Is fading into the caudal boundary or 
the sinus field and eplperlcardlal ridge w ith their contained sternomastoiu 
muscle which ser\ es to bound the anterior triangle of the neck posteriom 
and inferiorlx —(Prom Frazer 4 ) 


its envn ons The hyoid 1 udiment fowns m the space between 
the vential ends of the second and thud aiches The clavicu- 
lai i udiment foims close by just caudal to the second gioove 
(piecuisoi to the tiansveise flexuie line of the neck), wheie 
it is continuous with the epistemal thickening vential to the 
uppei peneaidium The mfiahyoid muscles aie m the epi- 
peiicaidial ndge heie The stemomastoid muscle extends 
along the continuation of the caudal maigm of the sinus field 
into the epipencaidial ndge to contact the claviculai iudi- 
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is developed above and below the postenoi extremity of the 
first (hyomandibulai) bianchial cleft fiom the first and 
second branchial aiches iespeeti\ely In Fig 14 it can be 
seen that the pinna when m its formative stages, befoie the 
neck is developed, is lelatnelv \ential m location and close 
to the thoiacic wall Aiej 13 states that it peisists m this 
location laielv, and when it does is m combination wuth agen¬ 
esis of the mandible, with the mandible failing to foice the 
eais lateialh to the sides of the head It would seem, theie- 
toie, that with Fiazei’s demonstiation of the peisistence of 
the thud aich on the neck, cartilaginous bais m this legion 
would be moie likely explained as due to a vestige of the 
third arch lather than a remnant of the pinna left behind 
Hyndman and Light 5 and Biowm, 14 state that small bits of 
cartilage aie often found at the external onfice of lateial 
fistulae These may be of second 01 thud aich ongm, and 
stiengthen the case foi bianchial as against thymic duct 
origin 

It can be seen fiom the above that bianchial lemnants can 
exist below the level of the Inoid A bieakthiough m the 
thud gioo\e, as well as one fiom the second, could be lelated 
to the mfiahyoid and stemomastoid muscles m the approxi¬ 
mate legion of the caiotid tuangles A fistula of thud mem¬ 
brane breakthiough is piimanlv less hkeh fiom an embivo- 
logical standpoint (see section on closing membianes) , sec¬ 
ond, it would have to couise postenor to the common-mteimal 
carotid axis and open mternalh m the pvnform fossa A 
bieakthrough of the second closing membiane is moie likeli 
embryologicallv, and if it emeiges m the lential extremitv of 
the second gioove is closelv 1 elated to the clavicle, mfiahvoid 
and stemomastoid muscles (See Figs 15, 16) Its proximal 
lelations would have to be eithei between the internal and 
external caiotids oi antenoi to the caiotids, and it would 
have to pass beneath the postenoi belly of the digastnc 
muscle, and open internally m the legion fiom and including 
the tonsil fossa to the Eustaclnan onfice Peiusal of the 
clinical hteiatuie indicates this lattei set of relations holds 
for the usual lateial fistulae 


Why is it that bianchial cvsts aie found onl\ m the uppei 
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Fig 17 Photogiaph of a cervical cartilaginous bar Note that tho bar 
is not at the anteiioi margin of the sternomastoid In this connection 
attention Is called to Trazer s remark that the sternomastoid marks the 
posterior margin of the sinus field and that the third arch represented 
ectodermall> on the neck Is In the approximate region of the anterior 
triangle Also see under discussion of atypical external openings In 
Bailej H The Clinical Aspects of Branchial Fistulae British Journal of 
Surgeij 21 173 1933 


an exact one An external fistulous opening 1 elated to the 
postenoi maigm of the sternomastoid has been leported, in 
fact 22 

A cartilaginous bar m the geneial legion of the caiotid 
tuangles, vanously teimed a ceivical oi aunculai appendage, 
may well be a remnant of the cartilage of the thud bianchial 
aich Such a case is lllustiated (see Fig 17) The pinna 
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duct theoiy, as the thjTmc duct noimally leaves the bianchial 
aiea to couise mfenoily 

How does Wenglowski explain the external opening of a 
fistula on the basis of thymic duct ongm ? A bianchial 
fistula thiough the gioove opens externally in the embryo, 
and if this condition peisists theie is a leady-made explana¬ 
tion foi an external opening Wenglowski states that fistulae 
open externally only by secondaiy suppuiation He leasons 
that only a thymic duct vestige would consistently open along 
the antenoi boidei of the stemomastoid as this is 1 elated to 
its normal couise, -while a bianchial fistula could just as 
easily open postenoily m the neck, depending upon which 
haphazaid dnection the pus bun owed befoie pointing ex¬ 
ternally While it is tiue that many fistulae show evidence 
of inflammation, I know r of no othei authoi who expiessedlj 
feels that this is the usual modus opeiandi of external opening 
of congenital fistulae 

How t does Wenglowski get aiound the fact that the internal 
opening of lateial fistulae is in the second pouch aiea, let alone 
the couise above the hyoid, which he accepts as of second aich 
ongm m part' 5 ’ He concedes that the tonsil fossa piopei is 
of second pouch ongm He aigues, howe\ei, that fistulae 
opening in tins legion open not into the fossa piopei but m 
i elation to the palatoglossus muscle of the antenoi pillai, 
which he claims is of thud aich ongm, innervated bv the 
IXth nerve The cases of Dow d, 15 Kleinert, 16 Blassmgame, 1- 
and the authoi, howevei, exhibited openings within the tonsil 
fossa propei Moms’ Textbook of Anatomy states the pala¬ 
toglossus muscle is inneivated bv the Xth neive, the neive 
of the fourth arch, while Giay’s textbook states it is mnei- 
mted by the Xlth nene, no mention is made of the IXth 
nerve 

Wenglowski decned Kanstanecki and Milecki, 3 wdio empha¬ 
sized neive and blood -\essel lelations as moie significant than 
muscle lelations He stated that the development of vessels 
m this legion was so confusing that no useful 1 elation could 
be established Fiazei and Waid and Hendncks, 1 ' how e\ ei, 
state that the lelations to nei\es and -vessels aie fixed, and 
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thud of the neck, while Jateial ceivical fistulae can open 
almost to the clavicle ? I have piesented a theoiy of the de¬ 
velopment of fistulae fiom a bieakthiough of the second 
closing membiane at the time and place when the second cleft 
and the ludiments of the clavicle, mfiahyoid and sterno- 
mastoid muscles a le giouped close togethei It must be as¬ 
sumed that when an external opening occuis into the ectodeim 
at the base of the futuie neck, this opening is tiapped m an 
aiea of lelatively slow ectodermal expansion As the cephalic 
attachment in the legion of the tonsil fossa glows away fiom 
this aiea m the vential expansion, causing the foimation of 
the neck, the fistulous tiact is diawn out as aie the mfiahyoid 
muscles Wheie no caudal anchoiage occuis, as m a bianchial 
cyst 01 incomplete internal fistula, the vestige is earned 
upwaid 01 eephalad, maintaining its lelations at the appioxi- 
mate hyoid level 

REFUTATION OF THE THYMIC DUCT THEORY 

Wenglowski 3 piesented his thymic duct theoiy of the oiigm 
of lateral fistulae in 1913 Wenglowski stated that theie was 
such a umfoimity m lateial ceivical fistulae that a common 
ongin must exist He concluded, howevei, fiom his studies 
of human embiyos that no vestige of the bianchial aich ap- 
paiatus could exist post-embrj r onaUy below the level of the 
infenoi boidei of the hyoid bone This was based on his 
contention that the initial doiso-vential lelationship of the 
aiches peisisted, namely, the thud and fouith aiches lemam 
doisal to the second aich, and so no aich field deiivative 
could peisist caudally below the level of the second aich This 
has nevei been conoboiated, and as has been shown by 
Fiazei, 4 the thud aich is lepiesented on the neck m the 
legion of the caiotid tuangles Foi this same leason, Wen¬ 
glowski leasoned that anv fistula of bianchial oiigm could not 
turn down to leach a level below the level of the hyoid, but 
should couise almost stiaight lateially to open m the legion 
of the angle of the jaw Because most fistulae, howevei, do 
angle to couise mfenoily and open on the neck, sometimes at 
the stemo-claviculai legion, Wenglowski sought to find an- 
othei explanation foi fistulae, and came up with the thvnnc 
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which he states shows close lelationship to the thymus What 
does this imply as legalds the usual lymphoid tissue m cists 
above the hyoid level, which he will not contest as being 
bianclual in oiigm’ Lymphoid tissue is commonlv associated 
with the pharynx 


The authoi has encounteied no clinical descuption of a 
complete fistula meeting the accepted ci itei la of tlm d pliarvn- 
geal pouch ongin, eithei thymogenic 01 bianchiogenic This 
is confnmed by Dowd 15 quoting McKentv, Wlntacie and 
Komg, and also bv Tayloi and Bui well s Rudbeig leports a 
case in a 13-veai-old gill piesentmg a swelling m the neck 
between the laiynx and the caiotid sheath which w r as found 
to lie in fiont of the stemomastoid with a small deepei lann- 
fication extending behind the common caiotid, wheie it divided 
into ascending and descending blanches The ascending 
blanch ended blindly at the le\el of the caiotid bifuication, 
and the descending bianch nan owed to a stnng ending m a 
teiminal enlaigement about a fmgei-bieadth above the clavi¬ 
cle On nncioscopic examination the mass consisted of a 
few megulai cystic cavities lined with both flattened and 
stiatified squamous epithelium, with consideiable lvmphoid 
tissue beside the cvst walls, and in this lvmphoid tissue weie 
a laige numbei of small, lounded bodies lesemblmg Hassall s 
corpuscles Rudbeig stated most suigeons would considei tins 
thymogenic, but, fiom its vessel lelationship he consideied it 
as a thud bianclual gioove cyst with the additional piesence 
of thymic tissue In the authoi’s opinion, due to the absence 
of an external opening, tins could well be a thvnuc duct ves¬ 
tige Certainly, the vasculai lelationship indicates thud 
pouch ongin, wdiethei bianchiogenic 01 thvmogenic This 
case, how e\ ei, is the exception that “pioves the rule ” Wen- 
glow r ski developed his theory m explanation of the usual t\pe 
of fistula, which as has been lepeatedlv demonstiated, opens m 
the legion of the tonsil fossa, passes ovei the hvoid doisal to 
the lessei coinu and passes eithei between the caiotids 01 
lential to the caiotid axis and opens exteinalh neai the 
stenioclaviculai junction Rudbeig’s case meets the ciitena 
of a thud pouch-denved cvst and to piove it, exhibits the 
piopei vessel lelationship and demonstrates Hassall’s coi- 
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bailing vessel anomalies themselves, aie the only constant 
guides as to ougin of vestigial stiuctuies Wenglowski’s 
papei enoneously states that the arteiy of the thud aich is 
the external caiotid 

In fuithei discussion Wenglowski aigues that if a fistula 
is of bianchial ongm it should be lined by entodermal 01 
columnai epithelium m its mnei poihon to conespond to the 
phaiyngeal pouch poition, and by ectodermal 01 stiatified 
squamous epithelium m its outei poition to conespond to the 
bianchial gioove, and that this anangement does not occui, 
howevei, theie aie cases with just this anangement, though 
they aie not the lule Rudbeig, 10 eg, cites seveial cases 
lined with stiatified squamous epithelium which changed to 
ciliated columnai neai the pharynx In fact, Rudbeig found 
that squamous epithelium occui led m 90 pel cent of cysts and 
fistulae, ciliated columnai, especially neai the phaiynx, m 
8 pei cent, and both types of epithelium m 2 pei cent Caip 
and Stout 0 leport bianchial cysts with both types of epithe¬ 
lium side by side Wenglowski then found himself m the 
position of liavmg to explain stiatified squamous epithelium, 
supposedly indicating ectodeimal ongm, m thymic fistula 
and as noted m the section of “Fate of the Phaiyngeal 
Pouches,” explained it as based on contact with the cervical 
sinus ectodeim only m those cases wheie “ectodeimal” epithe¬ 
lium occui led Actually, however, Maximow and Bloom 11 
state that expenmental studies of veitebiates show that many 
of the cells m the embryonic geim layeis have no inherent 
specificity duung eaily developmental stages, and that if they 
aie moved fiom one place to anothei they will often develop 
m conformity with then new sunoundmgs 

Wenglowski has this to say about the piesence of Hassall s 
coipuscles as evidence of thymic ongm, and I tianslate as 
liteially as possible “In cysts of the lowei half of the neck 
aie found clumps of flat epithelium which aie similai to the 
Hassalhan coipuscles ” Theie is no specific case citation, noi 
is theie lefeience to then evei having been found a complete 
fistula lathei than a cystic stiuctuie, noi is theie any state¬ 
ment as to the incidence of finding Hassall’s corpuscles 
Much emphasis is placed on the wealth of lymphoid tissue 
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felt not possible because of the thick lajei of mesoderm in¬ 
tervening To him is ascubed the concept of the disappeai- 
ance of the pieceiMcal sinus bv fusion of the second aich 
vnth the thoiacic wall, and the foimation of the piecemeal 
duct as an explanation of the external openmg of lateial 
fistulae Konstanecki and Milecla, m 1890, oigamzed tlie 
hteiatuie to then time and weie mstiumental in discaidmg 
the schemes of Heusmgei, Cusset and Bland-Sutton as not 
corresponding to anatomical facts Thev established the 
concept that the mnei opernng determines the ongm of 
fistulae which is bianclual, with the opening always m the 
mfenoi portion of the tonsillai fossa at the loot of the tongue 
and so of second pouch ongm 

Wenglowski, m 1913, piesentcd his thvmic duct theory of 
the ongm of lateial cervical fistulae with his majoi piemise 
that no bianclual \estige could lemam beneath the le\el of 
the mfenoi maigm of the hi oid bone His thymic duct theory 
has seieial weaknesses, as descubed His worthy contribu¬ 
tions appear to be that he confirmed Hammai’s (1902) find¬ 
ings that the points of contact of groove and pouch in the 
lanous closing membianes aie not extensile and vary with 
the seieial membianes, eien between sides of the same em¬ 
bryo, but that the most constant closing membrane, othei 
than the first, is that of the second He also fust described 
how the thud aich was not obhteiated m the piecemeal 
sinus 

Fiazer, in 1923 and 1926, demonstrated that the thud aich 
not onh was not obhteiated in the piecemeal sinus, but also 
took part m the formation of the neck con espondmg with the 
carotid triangles He also stated that the piecemeal sinus 
ivas not obliterated by a fusion of the second arch (Rabl) 
vrth the thoracic wall, but that the structures invoked m the 
sinus are passnelv affected m the development and oblitera¬ 
tion of the placodal ducts of the IXth and Xth cranial nen es 
He also demonstrated that all bianclual -vestiges must de¬ 
velop ventral or anterior to the Xnth nene He also de¬ 
scribed the area from and including the tonsil fossa to the 
Eustachian orifice on the lateral phanmgeal wall as the post- 
embrvonal derivative of the \ entral angle of the second lateral 
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puscles If it exhibited Hassall’s coipuscles and had vessel 
lelations associated with accepted cnteria of second pouch 
ongm, then Wenglowski’s theory would have some justifica¬ 
tion and embiyologists would have to start ovei again 

HISTORICAL SUMMARY 20 3 B 0 

Huncyowski, m 1789, probably leported the fust cases of 
lateial ceivical fistula The fust accuiate descuption of the 
bianchial apparatus was m veitebiates by Rathke m 1825 
He noted the lesemblance of the bianchial clefts to the gill 
appaiatus of shaiks but discaided any association phylogenet- 
lcally Ascheison, m 1832, distinguished between median and 
lateial fistulae, and fust associated lateial ceivical fistulae 
with incomplete closure of the bianchial clefts Cysts weie 
included as bianchial denvatives by Roser m 1859 Hem 
smgei, m 1865 and 1876, lepoited that all fistulae opened 
internally neai the base of the tongue and opened at various 
levels of the neck externally depending upon which bianchial 
gioove failed to close Cusset (1877) and Bland-Sutton 
(1895) piesented diffeient schema but based on identifica¬ 
tion of gioove origin by level of external opening also 

The next majoi contribution was by His, m 1881 He 
used human embiyos and first used the moie piecise zecon- 
stiuction method of studying them He described the closing 
membranes and noted then failuie to bieak through noimally, 
as m aquatic animals to form gill slits He desciibed the 
piecervical sinus and the tuangulai aiea vential to the 
phaiynx between the ends of the aiches occupied by the pen- 
caidium, the mesobianchial field of His The piefix “pie-” 
m the teim piecervical sinus was intended to lefei to a vential 
onentation with regard to the neck (Rabl accused him of 
implying an oral onentation) 

Rabl, m 1886 and 1907, desciibed the closing membiane of 
the second pouch and gioove as two layers of epithelium in 
contact and mentioned the proclivity foi a bieakthiough here 
to form a fistula He discounted a thud membiane bieak- 
through possibility as a ielation to the thymus oi carotid body 
would have to exist A fourth membiane bieakthiough was 
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\estigeal fistulae and cysts below the mouth and eai legions 
Cysts and fistulae aie of similai ongm 

2 The vential angle of the second pouch is lepiesented in 
the adult lateial pharynx as the legion fiom and including the 
tonsil fossa to the Eustachian onfice A congenital fistula, 
with an internal opening anywhere m this legion can be as¬ 
sumed to be of second pouch ongm if it complies ■with nerve 
and vaseulai relationships If evei encountered, a third pouch 
fistula Mould open internally m the pynfomi fossa and a 
fourth pouch fistula would open still lowei, beneath the fold 
of the supenoi laryngeal neive 

3 A second pouch fistula couises ovei the hyoid, dorsal to 
the lesser comu It then commonlj passes between the in¬ 
ternal and external caiotid artenes, but may pass antenor 
°i vential to both An antenor couise may be deteimined 
by preopeiative X-iay of the tiact filled with ladio-opaque 
matenal An antenoi course pi edicts a relatively simple 
operative pioceduie Embiwologrcal con elation of these vari¬ 
ations is discussed 

U The i elation to nerves and vessels is the determining 
factoi m identifying the origin of a vestige, as w ell as the site 
of internal opening All bianchial vestiges aie found ventral 
to the XIIth neive Second pouch fistulae should course 
lentral to the IXth and Xth neives also 

5 A thnd pouch vestigeal stiuctuie would have to open 
internally m the pyriform fossa, couise beneath the hyoid and 
pass doisal to the internal oi common carotid artery No 
such relationship foi a complete fistula has evei been re¬ 
ported A fourth pouch fistula would have to loop around 
the aorta on the left oi the subclavian arterj on the light, 
and again no such relationship has evei been reported 

6 The thymic duct theoij of Wenglowski as an explana¬ 
tion of the usual fistula undei discussion is not in keeping 
n ith clmico-pathological and embrvological facts 

7 Embrj ologists list many possible souices of \estigeal 
stiuctuies, =1 and while they suggest the capamlitv of produc¬ 
ing vestigeal structures, onh the second pouch and cleft 
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phaiyngeal pouch He would not conjectuie as to the ongm 
of vestiges in this legion except m bioad teims He men¬ 
tioned the possibilities of the placodal ducts, as well as the 
giooves, undei the heading of “abnoimal peisistence of noimal 
states’' 01 “delayed development” as well as “abnoimal pio- 
cesses of development ” Fistulae opening neai the clavicle, 
he feels, could possibly deuve by eithei method He apologizes 
foi having lumed a duct system as pait of the piecervical 
sinus as a souice of explanation 

CASE REPORT 

Mr J B W , white, age 33, was admitted Dec 22 1951 with a diagnosis 
of bleeding duodenal ulcer On loutlne physical examination the examln 
ing physician noted a small sinus above the sternal attachment of the 
stei noniastoid which seemed to be attached to a coid under the skin, 
which ran eephalad On milking the cord the physician leported a clear 
mucus exuding from the smus opening The patient was referred to the 
ENT clinic There was a history of diainage from the sinus opening 
as long as the patient could lemember and the secretion was usually 
clear The patient does not recall evei having a sore throat A probe 
was passed to the upper level of the thyiold caitllage and passed be¬ 
neath the sternomastoid at about its midpoint Piobing caused coughing 
and a foreign body sensation in the tin oat at about the level of the 
superior bordei of the thyroid cartilage Liplodol was Instilled and 
Xrays made These levealed a fistulous tiact with no cystic enlarge¬ 
ments in its pathway The tract passed ovei the hyoid just posterior to 
the lesser horn and then tuined medially toward the phaivnx On in 
jecting the fistula with methylene blue, dye yvas seen to come from a 
large ciypt in the uppei pole of the light tonsil The tonsils were normal 
in appearance The fistulous tract wa3 excised without difficult via 
two step-laddei incisions The light tonsil was lemoved in the usual 
manner and the tonsil bed sutured There was no contact with the great 
vessels and the tract became quite thin as it approached the tonsil fossa 
Dissection was simple with no evidence of inflammatoiv leactlon Post 
operative course was uneventful and a questlonnaiie three years latei 
levealed the patient was asymptomatic as regards this lesion 

The gioss desciiptlon was that of a tubular stiuctuie measuilng 10 5 
cm In length and vary lng In diameter from 4 to 6 mm An elliptical 
fiagment of skin was noted attached to the specimen Microscopic descrip 
tion w»as as follows The tiact is lined by stratified epithelium which does 
not show keratinization The epithelium is supported by connective tissue 
Definite smooth muscle stiuctuies me not seen There is very slight 
lymphocytic infiltration in tills supporting connective tissue No struc 
tures similai to Hassall’s corpuscles are seen Occasional fragments of 
salivary gJand tissue are seen at vaiious levels adjacent to the connective 
tissue This stiuctuie Is surrounded by voluntary muscle and connective 
tissue Micioscopic diagnosis was ‘fistulous tract ” 


SUMMARY 

1 All evidence points to the second closing membiane 
bieakthiough as the most likely souice of lateral cervical 
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vestiges axe significant clinically, with the exception of 
caitilaginous bais (see below) 

8 The oldei concepts of the disappeaiance of the pieceivi- 
cal sinus and the development of the neck appeals to have 
been displaced by Fiazei’s woik with human embryos The 
piecervical sinus is passively affected m the development and 
obhteiation of the adjacent placodal ducts (IX and X), with 
the sinus obliteiatmg by a fusion fiom within towaid the 
suiface At no time is it lepiesented by an ectodeimal lined 
sac, all such simulation, accoidmg to Fiazei and as confirmed 
by Ganett, is due to confusion with the ectodermal lined 
placodal ducts 

9 The thud aich is lepiesented on the post-embiyomc neck 
as the appioximate region of the caiotid tuangles 

10 The controveisy ovei the significance of the i elation of 
Iateial vestiges to the stylophaiyngeus muscle is cutically 
discussed and a logical intei pi etation piesented 

11 A cartilaginous bai, also termed a cervical oi auiiculai 
appendage, may well be a second oi third bianchial aich 
caitilage vestige uni elated to the pinna anlagen if found m 
the legion of the caiotid tiiangles 

12 An explanation of why bianchial cysts aie confined to 
the uppei thud of the neck, while external oi complete fistulae 
often open externally almost to the stemoclaviculai junction 
is piesented * 
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♦This last concept was originally presented to a weekly surgical staff 
meeting- March 30 1955 Lyall and Stahl independently Presented a 
hypothesis in a published paper (Lyall D and Stahl W M. J 
Cervical Cysts Sinuses and Fistulas of Congenital Origin Surg > 
Obst 102(5) 417-434 May 1956) 
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1 Aid in the clinical localization of the site of nerve dam¬ 
age 

2 Equate the degiee of impaiied chorda tympam neive 
function \uth the degiee of facial nerve paialysis 

3 Aid in measuimg and piedictmg, if possible, spontaneous 
lecovery of the damaged facial nerve 

With a view to accomplish these objectives, this study 
piesents a technique for measuimg the salivary secietion of 


A 

=^> 


B 



Fig 1 Apparatus for catheterization 
glands (Wharton a) ducts Include A 
B Bowman s blunt-tipped probes C a 
PE Vo GO and a fine wire stjlet 


of the submaxillar' sail ar\ 
a lacrimal punctum director 
section of pol\ethylene tubing 


the submaxillary salivaiv glands as an accuiate index of 
motoi function of the chorda tympam neiwe 

TECHNIQUE 

The equipment consists of a set of blunt-tipped Bowman 
lacumal piobes, a punctum directoi, polyethylene catheters 
No 60 (see Fig 1), and small Kahn type test tubes The 
patient is usually placed m the sitting position A solution 
of 10 pei cent cocaine hydrochloride is applied topically to the 
onfice of each Wharton’s duct This not only reduces the 
discomfort associated with dilation, but also makes the onfice 
visible bv stimulating salivai\ flow Aseptic technique is 
used thioughout the piocedure 

A lacrimal punctum dnectoi is inserted into the orifice of 







SUBMAXILLARY SALIVARY FLOW A TEST OF 
CHORDA TYMPANI NERVE FUNCTION AS AN 
AID IN DIAGNOSIS AND PROGNOSIS 
OF FACIAL NERVE PARALYSIS * 

John E Magielski, M D , 
and 

Irving M Blatt, M D ,f 
Ann Aiboi, Mich 

Distui bances of taste and secietion of saliva aie fiequentlj 
associated with facial neive paialysis of the penpheial type 
The application of these phenomena in localization of the 
facial neive lesion is well documented, but the accepted 
criteria and methods of testing- these functions aie often 
vanable and umehable This is paiticulaily tiue m testing 
for chorda tympani function by analysis of taste peiception 

The accepted cuteiion of a functioning choida tympani 
neive is the ability to peiceive taste on loughly the antenoi 
two-thuds of the tongue on the conespondmg side In the 
piocess of testing, a patient, whose taste is found to be absent 
by one examinei, may have nonnal 01 subnoimal taste when 
tested by anothei Inadveitent withdrawal of the tongue ie- 
sults m quick peiception by oial and postenoi glossal taste 
buds, also, saliva coming m contact with the solution canies 
the test substance to the back of the mouth, which fuithei 
diminishes the lehability of the taste observation 

Guided by the anatomical and physiological fact that facial 
neive damage between the geniculate ganglion and the exit 
of the choida tympani neive fiom the middle eai is accom¬ 
panied by impairment of choida tympani neive function, an 
attempt was made to find a moie objective test which would 
seive to 

•Prom the Depaitment of Otolarj ngologt Unl\eisit> of Michigan Med 
leal School Ann Arbor Mich 

tDr Blatt s present address Is Department of Otolart npolog' ' 

State College of Medicine Detroit Mich , 

Editors Note This manuscript recelted In The Lar}ngoscope Off‘ ce 
accepted for publication April 3 196S 
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Aftei each Whai ton’s duct has been catheteiized the pa¬ 
tient is asked to suck on a slice of lemon foi 60 seconds, dur¬ 
ing which time the output of sain a fiom each submaxillary 
gland is collected and measuied m diops pel minute (see 
Fig 2) An assistant collects fiom one side while the exam- 
mei collects from the othei The pioceduie may be lepeated 
foi multiple sampling, aftei which the catheteis aie lemoved 
and discaided 


MATERIAL FOR STUDY 

We have piesumed to add to the lengthy literatuie on 
choida tympani and facial nerve neuiopathy because similai 
patients have been pieviouslv studied by the subjective sense, 
taste Befoie piesentmg oui observations it may be well to 
state something about conti ol tests In the study of noimal 
individuals between the ages of ten and sixty, the flow of saliva 
fiom each submaxillaiy gland simultaneoush is piactically of 
identical volume legaldless of the type of stimulus used Foi 
the fust five minutes, the quantity is identical, ovei a 30- 
mmute period the valuations between the two salivary glands 
is not moie than 0 50 to 1 0 cc The volume of saliva pio- 
duced by lemon stimulation is gieatei than by chewing paiaf- 
fm, but m each instance the light submaxillaij gland will 
seci ete the same quantity of sain a as the left 5 

Taste testing foi choida tympani neive function is also 
included m this study to lllustiate the variations m acuity 
■ndnch pioduce equivocal lesults In testing taste, the tip of 
the tongue is coveied with gauze and held bv the examiner 
until the taste on the antenoi two-thnds has been identified 
b> the patient At this moment the patient pomts to one of 
six items written on a card “taste nothing, taste something 
but don’t know what, bittei, soui, sweet, salty” In all ob¬ 
servations, two minutes have been the uppei limit foi taste 
determinations m tins studv Substances not detected within 
tins time usualli will not be appi eciated at all wnth any 
degiee of leliabilitv 

The patients foi studv have been giouped into the followung 
categories 
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Fig- 2 Catheterization of n bartons duct an ^ tubing is threaded 

g-lnnd saliva An 8 to 10 cm section o P Wharton’s duct for a 

onto a fine rigid wire st}let and ts . I , 1 "®? rt ®fL nd “ n ih a is collected in a 
distance of 3 to 4 cm The submaxlllarv gland sail a 3Uck= on a 

small Kahn tvpe test tube for each side wnin 
slice of lemon 


Wharton’s duct, aftei which dilation is accomplished with 
the Bowman piobes, using sizes No 1 through o 
polyethylene cathetei No 60 (steulized m 1 500 aq^ ^ 
benzalkomum chlonde foi at least 24 horns) is ^ best 

Whai ton’s duct foi a distance of 3 to 4 cm ]et onto 

accomplished with the aid of a fllle ugl Z ne 1S ttireaded 1 
which an 8 to 10 cm section of polythylene tubing i 
Piecaution should be taken to avoid piotiusion of the sty 
beyond the open end of the polyethylene cathetei 
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TASTE 

Right (affected side) 
Seconds 

Left. 

Seconds 

Water _ . 

Taste Nothing 

Taste Nothing 
30 

120 

120 

120 

Sweet 

Sour__ 

Salt! _ _ 

Bitter__ _ 

_ Taste Nothing 

_ Taste Nothing 

__ Taste Nothing 

_ _ ___120 

SALIVA. 

Right (affected side) 
Drops—Min 

■Left 

Drops—Min 

Lemon stimulation 

-- -0 

32 

At operation the 

chorda tympani nene was found to be absent 

At followup examination one month later the following results were 
obtained 

TASTE 

Right (affected side) 
Seconds 

Deft 

Seconds 

Water _ _ _ _ _ 

Sweet 

____ Taste Nothing 

__ Taste Nothing 

Taste Nothing 
Not Recognized 

Sour 

Taste Nothing 

Not Recognized 

Salty__ _ 

Bitter 

_ _ ___ _Taste Nothing 

. Taste Nothing 

Not Recognized 
Not Recognized 

Bitter__ 

_ _ _120 

120 

SALIVA. 

Right (affected side) 

Drops—Min 

Left. 

Drops—Min. 

Lemon stimulation 

--- - 0 

42 


DISCUSSION 

Taste testing m these cases was equivocal In anothei 
patient m this gioup, the salivary flow om the affected side 
was reduced 50 pei cent when compaied with the normal 
side At opeiation, the choida tympani was found imbedded 
m scai and gianulation tissue In this particulai patient 
preopeiative testing of taste was highly equivocal, and no de¬ 
cision could be leached as to whethei taste was present Thus 
partial function of the chorda tympani neive may also be 
detected by comparing submaxillaiy salivary secietion fiom 
both glands 

The first patient (C A ) piesented is chaiactenstic of the 
individual who has an intact choida tympani nerve pnoi to 
opeiation, which must necessanly be sacuficed m the pei- 
foimance of a ladical mastoidectomy The paialytic effect 
of chorda tympani nerve section upon submaxillaiy salivary 
flow is illustrated 

The second patient (G E ) also demonstiates the difficulty 
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I Cases of chiomc suppuiation of the middle eai and mas¬ 
toid 

II Cases of facial paralysis due to idiopathic Bell’s palsy 

III Cases of facial paialysis associated with skull fiactuies 
including the tempoial bone 

IV Cases of facial paialysis associated with cential nerv¬ 
ous system disease 


GROUP I CHRONIC SUPPURATION OF THE MIDDLE EAR 
AND MASTOID 

Case 1 CA, No 859083, a 57} eai-old mechanic was admitted on Jan 
uary 4, 1957, to University Hospital for a radical mastoidectomy There 
had been drainage from the right ear for approximately 50 years The 
patient was unaware of an} taste deficiency On the day prior to opera 
tion the following results weie obtained in tests for taste and submaxlllary 
saliva 


TASTE 

Right (affected Hide) 
Seconds 

Deft 

Seconds 

Water _ 

Sweet (60% glucose) 

Sour (vinegar) _ 

Salty (Hypertonic saline) _ - 
Bitter (quinine) 

.. TaBte Nothing 
.. _ 30 

30 

30 

_30 

Taste Nothing 
30 

30 

30 

30 

SALIVA 

Right (affected side) 
Drops—Min 

Left 

Drops—Min 

Lemon stimulation 

42 

41 


At operation the chorda tympani nerve was found to be intact The 
nerve was sacrificed during the radical mastoidectomy There was no 
complaint of gustatory deficiency postoperatively Taste and saliva 
examinations on the fourth postoperative dai and at the end of the 
second postoperative month were as follows 


TASTE 


Right (affected side) 
Seconds 

Deft 

Seconds 

Water 

Sweet 

Sour 

Salt} 

Bitter 

- 

_Taste Nothing 

_ Taste Nothing 

Taste Nothing 
_ Taste Nothing 
Taste Nothing 

Taste Nothing 
30 

30 

30 

30 

SALIVA 


BIgrht (affected side) 
Drops—Min 

Left 

Drops—Min 

Lemon stimulation 

- 

0 

40 


Case 2 G E No 809472 a 45 year-old salesman was operated upon at 
University Hospital on October 30 1956, for a chronically draining ear o 
about 25 years’ duration There was no historv of gustaton deficiency 
On the day prior to operation the following results were obtained 
tests for taste and submaxillart saiha 
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tvpe of facial paresis probably compatible with an hypertensive en 
cephalopathv -without other neurological deficit. Further examination 
noted that the patient could not smile on command or bv emotional ex 
pression The hearing was normal Roentgenograms of the skull weio 
normal The following results were obtained for taste and saliva tests 


TASTE 

Left (affected side) 
Seconds 

Right 

So onds 

Water ____ _ 

Sweet _ _ ... _ .. 

_ Taste Nothing 
Not Recognized 

Taste Nothing 
Not Recognized 

Sour_____ 

Saltv _ 

Bitter _ ____ 

„ Not Recognized 
_ Not Recognized 
„ Not Recognized 

Not Recognized 
Not Recognized 
Not Recognized 

SALIVA. 

Left (affected side) 
Drops—Alin 

RItrht 

Drops—Alin 

Lemon stimulation 

„ 14 

20 

On the fourth hospital dav there was a complete left peripheral facial 
paralvsis without other neurological deficit Taste and saliva examina 
tion was as follows 

TASTE 

Left (affected «*Ide) 
Seconds 

RitrM 

S a ond* 

Water__ _ _ _ _ _ 

Sweet____ 

Sour _ _ _ _ _ _ 

Saltv ___ _ 

Bitter __ __ 

_ Taste Nothing 
_ Taste Nothing 
_ Taste Nothing 
Taste Nothing 
_ Taste Nothing 

Taste Nothing 
Not Recognized 
Not Recognized 
Not Recognized 
120 

SALIV 4 

Left (affected side) 
Drops—Alin 

RItrht 

Dropp—Min 

Lemon stimulation _ _ - 

0 

25 


The oatient was discharged on the fifth hosmtal dav with the diagnosis 
of Bell’s palsv One week later (13 davs after the onset of the facial 
paralvsis) there was partial motion of all the muscles of facial expression 
except forehead motion which was completely absent Taste and saliva 
test results were as follows 


TASTE 


Left (affected **Ide> 
Second** 

RItrht 

Second** 

Water_ 

Sw eet_ _ 

Sour_ __ 

Saltv __ _ 

Bitter__ _ 

- 

Taste Nothing 
Not Recognized 
Not Recognized 
Not Recognized 
_ Not Recognized 

Taste Nothing 
Not Recognized 
Not Recognized 
Not Recoginzed 
Not Recognized 

SALIVA 


Left (affected slde^ 
Drop**—Alin 

RIcht 

Drops—Alin 

Lemon stimulation 


15 

30 

Eight weel s after the onset of facial paralvsis there was complete 
return of function The results of taste examination were identical to 
those of the first test Submaxillarv salha examination results were as 
follows 

SALIVA 


Left (affected side) 
Drop*—Alin 

RItrht 

Drop**—Alin 

Lemon stimulation 

— 

50 

40 
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encounteied m eliciting a consistent lesponse on the noimal 
side It is of mteiest to note the leaction to bittei (quinine) 
m both cases The delay m identifying bittei taste m the 
second patient piobably indicates that the test solution had 
tiavelled to the postenoi one-thud of the tongue, wheie 
piactically all the gustatoiy leceptois foi bittei taste aie 
located That theie was no complaint of gustatoiy deficiency 
aftei lecent complete lemoval of the choida tympam nerve 
(Case 1) and aftei long teim destiuction of it (Case 2) ap¬ 
peals to substantiate the obseivation of Ciosby 3 She states 
that although modalities of taste can be lecognized at sub- 
coitical levels, an individual’s highei (cortical) centeis aie 
usually not concerned with the analysis of taste impiessions 
fiom a specific geogiaphical aiea on the tongue oi palate, 
lathei, the combination of taste, smell and textuie, expen- 
enced duung eating, aie coitical associations which aie ac- 
quned duimg the individual’s own expenence If a distuib- 
ance of taste does exist, the difficulty m localization may 
cause the patient to become confused and thus complain that 
a portion of the tongue feels “numb ” 

The second patient (GE ) demonstiates the loss of choida 
tympam function m long standing middle eai suppuiation 
Theie is no flow of saliva by leflex chemical stimulation 
(sucking a lemon) pieopeiatively and postopeiatively This 
phenomenon, obseived m 11 similai patients m this Clime, 
challenges the concept of leflex foimation of saliva m the 
absence of secietoiy (motoi) inneivation—the so-called paia- 
lytic secietion of saliva In this instance absence of salivaiy 
flow exists aftei possibly two decades of choida tympam 
desti uction 1 

GROUP II FACIAL PARALYSIS DUE TO IDIOPATHIC BELL’S PALSY 

Case 1 H W No 37665, a 63 year-old telephone lineman, was admitted 
to St Joseph Merc} Hospital on February 15 1956 because of InaDii 
to close the left eye and weakness of the left corner of the mouth 
24 hours On the day prior to admission the patient had been uorK S 
in the rain 

Physical examination revealed a blood pressure of 180/100 (RAR) J' 1 ® 
patient could not move the corner of the mouth oi wrinkle the leIt )ff , 
of the nose The left eje could be partiallv closed, there v,as no 
culty in v, i inkling the forehead 

The neurological consultant felt that the patient exhibited a centra 
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TASTE 


Right (affected side) 
Seconds 

Left 

Second* 

Water _ _ _ 


Taste Nothin? Taste Nothing 

Sweet __ 

Sour ___ 

Saltv ___ 

Bitter ____ _ 

■ — — 

Taste Nothing 
Taste Nothing 

_Taste Nothing 

_ Taste Nothing 

30 

Instantl' 

Instantly 

Instantl' 

SALIVA. 


Right (affected side) 
Drops—Min 

Left 

Drops—Min 

Lemon stimulation_... 

-- 

_ _ 9 

35 

On Mat 15 1956 five days later there was no change in the facial 
paralysis The following results were obtained for taste and sali'a tests 

taste 


Right (affected side) 
Seconds 

Left 

Seconds 

B ater_ 

Sweet___ 

Sour 

— -—- 

—Taste Nothing Taste Nothing 

_ Not Recognized Instantly 

. Not Recognized Instantl} 

Salt} .. . 


. Not Recognized 

Instantly 

Bitter_ 

_ 

_120 

Instantly 

saliva. 


Right (affected side) 
Drops —Alin 

Left. 

Drops—Min 


Lemon stimulation_28 40 


Eighteen dajs later the patient showed considerable return of facial 
nerve function Onl} the frontalis muscle showed minimal activity 
Tests for taste and saliva were as follows 


TASTE 

Right (affected side) 
Seconds 

Left. 

Seconds 

Water___ 

Sweet - 

- Taste Nothing 

Not Recognized 

Taste Nothing 
Instantly 

Sour - 
Saltv 

Bitter___ ___ _ 

. _Not Recognized 

—Not Recognized 
. - Not Recognized 

Instantly 

Instantly 

Instantly 

■SALIVA. 

Right (affected side) 
Drops—Min 

Left 

Drops—min 

Lemon stimulation 

_ 37 

40 

Twentv four davs after the onset 
return of facial movement 

of facial paral'Sis there 

was complete 


Case } E T No S20213 a 4S vear old colored housewife complained of 
Inability to move the right side of the face for the past 24 hours Plnsical 
examination on August IS 1955 sealed a complete right peripheral tvpe 
°f facial paralvsis without other neurological deficit- Otologic testing 
showed normal hearing The tuning fork and Tschiassnv stethoscope 
tests for phonophobia were positive in the right ear The following re¬ 
sults were obtained for taste and saliva tests 


taste 
Water — ~ 

Sweet __ 

Sour_ 

Salty __ 

Bitter __ 


Right (affected side) Left. 

Seconds _Seconds 


_ -Taste Nothing 
Taste Nothing 
Taste Nothing 
. _Taste Nothing 


Taste Nothing 
Instantl' 
Instant!' 
Instant!' 
Instantl' 
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Case _ BL, No 805312, a 32 year old white housewife, suddenly do 
veloped 'weakness of the left cornej of the mouth during- an nppei 
respiiatorv infection Twenty four houis after onset there was a com 
plete left facial paialysis On Februaiy 15, 1955, two days after the 
onset, the patient visited the Otolaiyngology Clinic at University Hos 
pital She complained of a deficiency of taste on the left side of the 
tongue Loud noises had an “echoing qualit\,” and she did not wish to 
listen to ladio or television because the sound “hurt" her ears, partlcu 
larh the left one The plnsical examination letealed a complete left 
peripheral type of facial paiahsis without othei neurological deficit. 
A puie tone audiogiam showed noimal healing The tuning fork and 
Tschiassnj stethoscope tests foi pkonopliobla w ere positive in the left 
eai Roentgenograms of the mastoid bones levealed no abnormalities 


The following lesults 

weie obtained for taste and saliva 

tests 

TASTE 

Left (affected side) 
Seconds 

Right 

Soconds 

Watei 

Sweet 

Sour _„ _ 

Salty 

Blttei 

Taste Nothing 

__ Not Recognized 

Not Recognized 
Not Recognized 
Not Recognized 

Not Recognized 
Instantly 
Instanth 
Instantly 
Instanth 

SALIVA. 

Left (affected side) 
Drops —Min 

Right 

Drops—Min 

Lemon stimulation 

29 

43 

On the thirty fifth day after onset of facial paralysis, the patient showed 
virtually complete return of facial function except for a slight xxeakness 
of the forehead Tlieie were no complaints of plionopliobla or gustatory 
deficiency The following results were obtained for taste and saiixa tests 

TASTE 

Left (affected side) 
Seconds 

Right. 

Seconds 

Water 

Sw eet 

Sour 

Salty 

Blttei 

Recognized as Sweet 

_ 30 

SO 

"Sour or Bitter" “ 
_ 30 

Taste Nothing 
Instantly 
Instanth 
Sour or Bitter" 
Instanth 

SALIX A 

Left (affected side) 
Drops—Min 

HlRht 

Drops—Min 

Lemon stimulation 

56 

54 

Forty five days after 

onset of facial paralysis there was complete re 


turn of facial moxements 


Case 3 D S , No 41361 a 32\earold mechanic noted weakness of the 
light cornei of the mouth on arising in the morning Twentvfour hour 
later, on May 10 1956, there was teaiing and difficulty in closing ' 
right eye No gustatoix deficiency' was noted Physical examinat to 
lexealed a complete light peripheral type of facial paralysis Y 1 ' 1 . 
othei neurological deficiencies Otologic studies showed a conciucu'c 
healing loss of long standing compatible with clinical °^ scl f u 
Roentgenograms of the mastoids rexealed no abnormalities me 
ing results were obtained for taste and saiixa tests 
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early m the couise of facial paialvsis, maj be eiioneously 
diagnosed as a cential type of facial paialysis, howeiei, 
submaxillary salivary testing of choida tympani neive func¬ 
tion was helpful in diffeientiatmg cential fiom the penpheial 
type of facial paialysis The fact that the choida tympani 
nerve was unpaiied, though functioning, is evidence of a 
peripheial lathei than a cential lesion In this instance it 
was also appaient that the degiee of unpaiied choida tvmpani 
nerve function could be con elated with the degree of facial 
nerve paialysis In this instance the lecoveiy of chorda 
tympani nerve function coiresponds with facial neive le- 
coveiy 

The last thiee patients of this gioup demonstiate the moie 
common situation observed when the patient consults a physi¬ 
cian for a condition which turns out to be a complete unilateial 
peripheial facial paialysis due to Bell’s palsy It is of note 
that such a patient may demonstiate partial choida tympani 
nerve activity by salivary testing, m the piesence of a com¬ 
plete facial paialysis This observation suggests the possi¬ 
bility that the patient may be spaied the sequelae of im¬ 
perfect facial nerve lecoveiy It may justify also the pie- 
diction of a favoiable piognosis foi spontaneous lecoveiy 
from complete penpheial facial paialysis when it can be 
demonstiated that the choida tympani nerve letams its func¬ 
tion or lapidly becomes functional eaily in the couise of Bell s 
palsy It would appeal also that the involvement of the facial 
nerve, by whatevei pathologic process m Bell’s palsy, is not 
severe, if the choida tympani nerve is partiallv spaied Fur¬ 
ther study is necessaiy, howevei, if these assumptions are to 
be confirmed 

The fourth patient (ET) demonstiates the sequelae of 
imperfect lecoveiy and facial disfiguiement The partial 
return of facial nerve and choida tympani neive function 
appeals to con elate foi a two-yea 1 penod Since the late of 
chorda tympani neive lecovery did not exceed that of the 
facial neive, the piognosis foi facial nerve lepan, m letio- 
spect, appears to have been poor 

In this gioup of patients ve note the vailability and un- 
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SALIVA. 

Lemon stimulation __ 


Right (affected aide) Left 

_ Drops—Min _ Drops—-Min 

- _ 0 32 


One month later, there was no Improvement of the facial paralysis, and 
a lateral band tarsorrhaphy w as performed for prevention of exposure 
keratitis Submaxlllary salivarj secretion tests revealed the following 


SALIVA. 

Lemon stimulation_ 


Right (affected side) 
Props—Min _ 

. _ _ 0 


Left 

Drops—min 
40 


The patient did not return until January, 1966, six months after onset 
of the facial paralysis At this time there was residual weakness of all 
the facial musculature on the right side The following tests were ob¬ 
tained for taste and saliva 


TASTE 

Right (affected side) 
Seconds 

Left. 

Seconds 

Water ... _ 

Sweet_ __ 

Sour _ _ 

Salty „ 

Bitter _ 

_ Taste Nothing 

_ _Not Recognized 

_ Not Recognized 

__Not Recognized 

_ „ _60 

Taste Nothing 
Instantly 
Instantlj 
Instantly 
Instantlj 

SALIVA 

Right (affected side) 
Drops—Min 

Left. 

Drops—min 

Lemon stimulation 

19 

42 


The patient failed to appear at regular intervals and was not seen again 
until November, 1967, twenty seven months after onset of facial paralysis 
There was residual weakness of all the facial musculature but sufficient 
oibicularis oculis function to permit removal of the tarsorrhaphy The 
following results were obtained for taste and saliva tests 


TASTE 

Right (affected side) 
Seconds 

Left 

Seconds 

Water_ 

Sweet 

Sour __ 

Salty _ _ 

Bitter _ _ 

____Taste Nothing 

_ -Not Recognized 
Not Recognized 

_ „ Not Recognized 

_ _ _ __ _ _ 60 

Taste Nothing 
60 

Instantly 

Instantlj 

Instantly 

SALIVA 

Right (affected side) 
Props—Min 

Left 

Drops—rnfn. 

Lemon stimulation 

_ _ 13 

36 


DISCUSSION 

Ten patients with Bell’s palsy weie studied m this investiga¬ 
tion Four have been selected for piesentation because they 
demonstiate certain refinements m diagnosis of facial nerve 
disease which heretofoie have not been reported 

The first patient (H W ) presents the complete clinical 
picture of Bell’s palsy fi om its inception Such a patient, seen 
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TASTE. 

Right (affected side) 
Seconds 

Left. 

Seconds 

Water __ 

Sweet_ 

Sour _ 

_ _Taste Nothing 

-Not Recognized 

Taste Nothing 
Instanth 

Saltv 


Instantlv 

Bitter____ 

_Xot Recognized 

Instanth 

SALIVA 

Right (affected side) 
Drops—Min 

Left 

Drops—Min 

Lemon stimulation 

—.20 

65 


Four months after injurv the patient could close the right eve almost 
completelv had good svmmetrt of the face in repose but the motion of 
the forehead -was not noticeabh improved Taste examination was the 
same as performed six weeks after injurt Salha examination was as 
follows 


SALIVA. 


Right (affected side) 
Drops—Min 

Left. 

Drops—Alin 

Lemon stimulation_ 

- — 

.. ....... 40 

60 


The patient subsequentlv left Michigan and has not been heard from 
since 


Case i R.K Xo S05674 a 23 \ ear-old male student was admitted to 
L’niversltv Hospital on March 2 1955 because of a right facial nerve 
paresis On Februao 13, 1955 he had sustained a severe head injurv 
with a linear fracture in the right temporal region from an automobile 
accident. Phvsical examination revealed a right sided weakness of all 
the facial muscles of expression the muscles of the forehead being the 
most severelv impaired Otologic examination showed a hemotjmpanum 
^d a conductive deafness A.D Roentgenograms revealed a fracture 
through the occipital bone occipito-temporal suture extending into the 
petrous portion of the temporal bone 

Taste and saliva studies were as follows 


TASTE 


Right (affected side) Left. 

Seconds_Seconds 


Water____Taste Nothing 

Sweet--- -Not Recognized 

Sour__ _ ___120 

Saltt__ ___ __120 

Bitter__“__ _ 120 


Taste Nothing 
Instanth 
Instantlv 
Instantlv 
Instanth 


SAL IVA. 

Lemon stimulation 


Right (affected side) Left. 

Drops—Min_Drops—Min 


.. -32 58 


Three weeks later facial mobllitv was much improved Taste examina 
tion was the same as performed previoush Saliva examination was as 
follows 


_SALIVA. 

Lemon stimulation 


Right (affected side) 
Drops—Min_ 


—86 


Left 

Drops—Min 
105 


Nine weeks after injur-v the return of facial movements was complete 
except for minimal frontalis weakness Taste and saliva studies were as 
follows 
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lehability of taste testing in situations wheie theie is lm- 
paned function of the choida tympam neive and facial neive 
with subsequent spontaneous lecoveiy of both In the thud 
patient (D S ) absence of taste was lecoided m the piesence 
of minimal but definite choida tympam neive activity as 
evidenced by submaxillaiy sahvaiy flow on lemon stimulation 

The fourth patient (E T ) demonstiates another leason foi 
the uniehability of taste testing on the antenoi two-thnds 
of the tongue Engstiom and Wohlfait 4 state that m embryo- 
logical development some fibeis of the glossophaiyngeal neive 
may be diawn foiwaid m the tongue and serve to conduct 
gustatoiy impulses in the absence of choida tympam innova¬ 
tion This concept may be substantiated by the fact that 
bittei taste was the only definite gustatory experience un¬ 
equivocally identified by this patient 


GROUP III FACIAL PARALYSIS ASSOCIATED WITH 
SKULL FRACTURES 

Case 1 J B , No 807846 a 20 year old student was admitted to Uniter 
slty Hospital on April 8, 1956, for a severe head Injury sustained in an 
automobile accident Physical examination revealed a complete right 
peripheral type of facial paralysis, conductive deafness and hemo tym 
panum Roentgenograms revealed a slight tempor parietal fracture uhich 
extended into the petrous ridge toward the medial portion of the internal 
auditory canal Taste and saliva studies performed on April IS 1955 
were as follows 


TASTE 

Right (affected side) 
Seconds 

Left 

Seconds 

Watei 

Sweet - 
Sour 

Saltr _ 

Bittei 

_ Taste Nothing 
Taste Nothing 
Taste Nothing 
Taste Nothing 
Taste Nothing 

Taste Nothing 
Instantp 
Instantb 
Instantly 
Instantly 

SADIVA. 

Right (affected side) 
Drops —Min 

Left 

Drops-—Min 

Lemon stimulation 

6 

68 


Three weeks after the accident a complete facial paralysis ttas still 
present Taste examination was unchanged The submaxlilart samarj 
studies were as follows 


SAL/IX'A 

Right (affected side) 
Drops—Min 

Left 

Drops—Min 

Lemon stimulation 

12 

55 


Six veeks after Injun the hearing had returned to normal There 
some motion of the forehead and the upper lip on the right side tas 
and saliva studies vere as follows 





PRINCIPAL ORGANIC AND INORGANIC CONSTITUENTS OF PURE SUBMAX ILLARY SALIVA 
__(LEMON STIMULATION) 
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TASTE 

Right (affected side) 
Seconds 

Deft 

Seconds 

Water 

Sweet - _ 

Sour 

Salty __ 

Bitter 

--Taste Nothing 

30 

__ 30 

- -30 

.. .. 30 

Taste Nothing 
InstantL 
Instantlj 
Instantly 
Instantly 

SALIVA. 

Right (affected side) 
Drops—Min 

Left 

Drops—Min 

Lemon stimulation 

- _ 70 

72 


Case S G S , No 854039, a 28 year-old welder, was transferred to Uni 
verslty Hospital on October 3, 1956 On Septembei 29, 1956, tbe patient 
■\\as involved in an automobile accident and sustained a severe bead in 
jury and fractured mandible Physical examination revealed a complete 
right peripheral type of facial paralysis Theie was an extensive kera 
titis in the right ey e A deformity of the superior portion of the external 
auditory canal prevented adequate visualization of the right tympanic 
membrane There was a conductive deafness on the right side Roent 
genograms revealed a fjacture of the mandible and a temporoparietal 
fracture with extension through the osseous light external auditor! 
canal 


Taste studies were omitted because of difficulty in protruding the 
tongue Submaxillary salivary examination was as follows 


SALIVA. 

Right (affected side) 
Drops—Min 

Left 

Drops—Min 

Lemon stimulation _ 

__ 0 

62 


On October 8, 1956, decompression and neurolysis of the facial nerve 
was performed through a modified radical mastoidectomy approach 
Open reduction of the mandible with internal fixation and a lateral band 
tarsorrhaphy were subsequently performed 

In February, 1957, four postoperative months, there was only minimal 
motion of the upper lip and nasal ala Saiivaiy studies were as follows 


SALIVA 


Right (affected side) 
Drops—Min 

Left. 

Drops—Min 

Lemon stimulation — 


„ _ _ -9 

65 


In Octobei 1967, one year after facial nerve decompression, minimal 
motion of the upper and lower lips and side of tbe nose was presen 
Submaxillary salivary testing showed the following 


SALIVA 


Right (affected side) 
Drops—Min 

Left 

Drops—-min 

Lemon stimulation _ 

-- 

-4 

70 


DISCUSSION 

Six patients demonstrating facia] nerve paialysis associated 
with skull and temporal bone fiactuies compuse this facial 
nerve trauma gioup Three cases have been descnbed to 
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deal of difficult* m moving the right corner of the mouth and that u 
seemed to droop 

Examination bx the neurologists revealed a right handed white female 
tvith a blood pressure of 150/100 (RAR) There was a lower facial 
paresis with poor delineation of the naso labial fold Minimal impairment 
of frontalis movement was also found There was no other neurological 
deficit. The clinical impression was Bell s pals\ 

Otolarvngological consultation on Max 26 1955 rexealed onlx a lower 
facial paresis Audiometric studies showed presbvcusis Roentgenograms 
of the skull xx ere normal Taste and salixa studies were as follows 


taste 

Ricrht (affected side) 
Seconds 

Left 

Second* 

W ater __ 

Sxxeet_ _ 

Sour „ _ 

Saltx_ 

Bitter _ 

_ Taste Nothing 

30 

„S0 

__ 30 

_ 30 

Taste \othing 
30 

30 

30 

„0 

SAEIVA 

Rlfjht (affected side) 
Drops—Min 

Left 

Drop*—Alin 

Lemon stimulation 

— _ _ _ 20 

20 


,, tveehs after onset of facial paresis there xvas minimal weakness of 
tne right upper and loxxer lips Taste and saliva studies revealed no 
cnange from similar testing performed on Max 26 1955 

Seven months after the patients Initial nsit there xvas complete facial 
s T ri ™ letrv Taste and saliva studies xx ere consistent xvith those performed 
xri tlme of the first otolarvngological consultation Final diagnosis 
lid hvpertensive encephalopathx 


DISCUSSION 

Three cases compused this gioup a patient with hjper- 
tensive encephalopathv, second, a patient with a nuclear 
lesion of the Vllth cianial neive due to bulbai poliomyelitis 
and a patient with a biam tumoi m the floor of the fourth 
ventricle Othei patients with obvious cential facial paiahsis 
"eie studied foi documentarv pui poses only Indeed, the 
Piesence of equal submaxillary salivaiv flow on lemon stimu¬ 
lation indicating an intact chorda tympam nerve is anothei 
diagnostic aid m localizing a facial neive lesion 


SUMMARY 

A clinical test foi choida tvmpam neive function bv meas- 
uimg submaxillarv salivary secietion is piesented as a piac- 
tical office piocedme The technique of submaxillarv (Whai- 
ton s) duct cathetenzation is descubed It has been demon- 
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emphasize ceitam clinical and neuio-anatomical obsei 
pei taming to choida tympam neive testing 

As noted m the Bell's palsy gioup, it appeals that 
of the facial neive due to tiauma may not be seven 
choida tympam neive is paitially spaied (Obvious]} 
tempoial mjuiy of the facial neive will not involve the 
tympam neive) Since choida tympam neive func 
piesent in the fust (J B ) and second (BK) patn 
seemed m letiospect to indicate potential spontane< 
coveiy of good facial neive function That lecovery i 
the choida tympam neive and the facial nerve occunei 
this out 

The second patient (R K) lllustiates the value of 
tympam testing as an aid m localization of the facial 
lesion m paitial as well as complete facial paralysis 

In the thud patient (GS ) the absence of chorda tj 
neive, as well as facial neive function, weie factois m r 
a decision foi immediate decompiession 

Figuie 3 is a quantitative tabulation of the pnncipal o 
and moigamc constituents of puie submaxillaiy sal 
patients with Bell’s palsy and facial p analysis ass ociatei 
temporal bone fiactuies who have lecoveied full facial 
function spontaneously The “all 01 none” pi maple of 
impulse transmission in the pieganghonie paiasymps 
fibeis of the choida tympam (the visceial motor fibe 
sponsible foi submaxillary salivary secretion) is demonst 
It would appeal fiom the three cases illustrated tin 
constituents of puie submaxillaiy saliva, obtained by 
ethylene catheterization of Wharton's ducts are not 
changed quantitatively even though the salivary seciet: 
quantitatively diminished 

GROUP IV FACIAL A PARA CYSTS ASSOCIATED WITH CEN5 
NERVOUS SYSTEM DISEASE 

Report o/ Case MF, No 562842 a 58 y ear-old housewife ilsitt 
WciT-nlnirv nlinin of University Hnsoital on Mav 24 1955 complain 
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POST GRADUATE COURSES AT TEMPLE UNIVERSITY 
SCHOOL OF MEDICINE AND HOSPITAL 

A Postgraduate Couise in Bionchoesophagologv, Febiuaiv 
16th to 27th, 1959, and a Postgiaduate Couise m Laiyngologv 
and Laryngeal Suigery, Apul 13th to 24th, 1959, will be given 
by Temple Univeisity School of Medicine 

These courses aie to be gnen m the Department of Laiyn- 
gology and Bioncho-Esophagologv, Temple Univeisity Medical 
Center, undei the dnection of Dis Chevaliei L Jackson and 
Chailes M Non is 

The tuition fee foi each couise is $250 00 Application 
blanks and furtliei mfoimation concerning dates of subsequent 
courses may be obtained by wilting to Jackson-Reseaich, 
Laboiatory 604, Temple Umveisitv Medical School, 3400 N 
Bioad Stieet, Philadelphia 40, Pa 
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stiated that this pioceduie is a fai moie accuiate index of 
choida tympani nerve function than aie tests foi taste 

Choi da tympani neive function by measuiements of sub- 
maxillaiy salivary gland secietion can serve as an aid m the 
clinical localization of facial neive damage The penpheial 
and cential types of facial paialysis can be deteimined when 
such diffei entiation is not obvious 

In the pezipheial type of facial paialysis, submaxillaiy 
salivary testing of choida tympani neive function appeals to 
be a consistently lehable adjunct foi inti a and ext la tempoial 
localization of facial neive mjuiy 

The degiee of impaned choida tympani function can be 
con elated with that of facial neive paialysis when both aie 
involved A good piognosis foi spontaneous lecovery might 
be piedicted if it can be demonstiated that the choida tympani 
neive letams its function eaily 01 becomes functional lapidly 
m the couise of Bell’s palsy 01 tiaumatic facial neive nrjuiy, 
howevei, furthei studies aie necessary to substantiate this 
obsei vation 


The choida tympani neive contains the pie-gangliomc secie- 
toiy fiheis which activate the submaxillaiy ganglion and othei 
paiasympathetic ganglion cells imbedded m the substance of 
the submaxillaiy gland If the choida tympani neive is 
destroyed, no submaxillaiy salivary secietion occuis when the 
gland is stimulated by leflex chemical stimulation (eating) 
because the secietoiy fibeis have been lemoved This obsei- 
vation challenges the concept of leflex foimation of saliva m 
the absence of secietoiy inneivation—the so-called paialytic 
secietion of saliva 


Taste peiception as an index of choida tympani function is 
vanable, and m many instances uniehable m testing the 
noi mal and abnormal sides of the tongue m conditions wheie 
theie is simultaneous impaned function of the choida tym¬ 
pani neive and facial neive * 


•Acknowledgement The authors ate gratelul to D> Ullznbetli 
Professor of Anatomy Unlierslty of Michigan for valuable ser 
stud> 
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ETIOLOGY AND AGE 

Of the 51 cases, 33 had a history of contact with Ije, and 
eight with ingestion of commeicial piepaiations undei the 
tiade name of Diano" and Sam-Flush 1 These commeicial 
prepaiations aie composed appi oximatelj of 95 pei cent 
sodium and potassium hydio\ide Anothei winch should be 
included m this gioup was fiom potash used to piepaie a 
“hail oil mixtuie ” Foui cases weie a lesult of dunking 
Lysol, two fiom household ammonia watei, and one each 
from cresylic acid, phenol, and potassium peimanganate (see 
Table I) 


TABLE I 


Agent 

No of Cases 

Degree of Burn (Esophngoscopj ) 
None Mild (Ervthema) Moderate 

L\e 

32 

21 

5 T 

Drano 


4 

2 1 

Saul Flush 

... 1 


1 

Potash 

1 

1 


L\ sol 

_ 4 

4 


Ammonia Water 

2 

2 


Potass Permanganate 
Phenol 

1 

. 1 

1 

1 

Cres\llc Arid 

1 

1 


Total 

.51 

34 

d S 


Although evidence of mouth burns was piesent in all nine 
cases of chemical ingestion not in the alkali gioup, no burns 
weie detected by esophagoscopv except one fiom phenol, 
which was classified as mild and lequned no tieatment This 
finding would agiee with Owens, 1 m his leport of 131 cases 
of chemical bums, m which he concluded that “ingestion of 
household chemicals, othei than lye, m geneial use today 
need not leceive the diastic tieatment given the latter, as 
stricture formation fiom then ingestion is a rantv ” 

All 51 patients weie fi\e veais of age, oi under Thirty- 
two were two jeais of age or undei, and 19 weie fiom thiee 
to five years of age (see Table II) This finding, m a hos¬ 
pital which admits patients to the age of 13, would indicate 
that most of these accidents occui m childien who are not 
old enough to differentiate poisons from the usual food and 



DIAGNOSIS AND MANAGEMENT OF CHEMICAL 
BURNS OF THE ESOPHAGUS * 

Lyle G Waggoner, M D, 

Detioit, Mich 


Ingestion of a conosive substance cieates a veiy difficult 
pioblem, both to the unfoitunate patient and the attending 
physician, m tieatment of the damaged esophagus Solution 
of this pioblem has been sought since the time of Plmy, 
when it is lecoided that the ashes of plants weie tieated with 
lime to pioduce sodium and potassium hydi oxide foi use in 
the manufactuie of soap 

It is the puipose of this manuscupt to lllustiate how the 
tieatment of many of the suspected cases of esophageal bums 
can easily be lesolved, and to con elate a lational legimen foi 
the management of all cases suspected of ingesting a coi- 
losive chemical 

Fiom Januaiy, 1952, to the piesent time esophagoscopy 
has been done on all patients pi esen ting themselves at Chil¬ 
dren’s Hospital of Michigan with a histoiy of ingestion, 01 
with evidence of fiesh bums of the lips, tongue, mouth 01 
phaiynx, within the fust ten days of contact with the chemi¬ 
cal This pioceduie was accomplished against model ate op¬ 
position fiom some of the endoscopic staff, who felt that 
esophagoscopic examination at this penod earned considei- 
able nsk It was also suggested that a damaging bum might 
escape notice thiough the esophagoscope Both of these feais 
pioved to be without foundation, theiefoie, the case study 
to be piesented lepiesents 51 patients admitted, foi examina¬ 
tion and treatment fiom Januaiy, 1952, thiough July, 1957, 
to a hospital which limits its admissions to childien undei 
13 yeais of age 

•Presented ns a Candidate s Thesis to the American Laryngologlcal 
Rlilnologicnl and Otological Society Inc 1958 a 

Editor’s Note This manuscript received In The Laryngoscope oni 
accepted for publication May 16 195S 
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scairing fiom phenol, formaldehyde, ammonia m atei, Lvsol, 
sulfunc acid, mtnc acid, lactic acid, potassium peimanga- 
nate, lodme and bichlonde of meicuiy, but it is admitted that 
these do not usually cause stuctuies 

Alkalies aie the most destiuctive because of then abilitj 
to penetiate deeply into the layeis of the esophagus to pio- 
duce a liquifying neciosis Acids cause less destiuction be¬ 
cause they cause a coagulation of the superficial lateis, form¬ 
ing a firm eschai Minch limits penetiation to the deepei 
layeis Destiuction of the stomach is apt to be much moie 
sigmfleant fiom acids The otheis, such as Lysol, mai pio- 
duce a mucosal suiface eivthema or supeificial esophagitis, 
but tlie healing is lapid vnthout sufficient scai to foim stuc- 
tuies, theiefoie, this discussion of pathologic changes m the 
esophagus will be limited to ingested caustics 

The lelationship betM-een the depth of penetiation of the 
lve, and its concentration, has been shown in expel miental 
animals by Kiey, 3 m t 1io examined the effects of a ten-minute 
contact of diffeient stiengths of sodium hvdi oxide on the 
labbit’s esophagus He found that a N-solution (3 8 pel cent) 
pioduced neciosis of the mucosa and submucosa, with some 
involvement of the mnei longitudinal layeis With a 3 N-solu- 
tion (10 7 pei cent), the neciosis extended to the cnculai 
muscle A 5 N-solution (16 4 pei cent) involved the outei 
longitudinal muscle Neciosis extended thioughout the esoph¬ 
ageal wall with a 7 N-solution (22 5 pei cent), and some 
effect occuned also to the penesophageal tissues These 
findings aie significant vhen it is consideied that oidman 
Mashing powdeis may contain a concentiation of caustic soda 
in excess of 7 N-solution, also, it is obvious that onlv small 
quantities of a concentiated caustic, mixed with the salna 
and swalkraed, mav pioduce seieie lesions of the esophagus 
Laigei quantities of a moie dilute solution, as in a suicidal 
oi homicidal attempt, mav cause not onlv seveie tiauma to 
the esophagus, but the stomach and duodenum aie also m 
danger of involvement 

The histopathologic tissue changes m ill depend upon the 
depth of penetiation 
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dunk The seven-months-old baby was accidentally given 
phenol, wluch had been used as a toothache lemedy by the 
family Anothei chewed a potassium permanganate tablet 
mistaken foi candy Some ate fiom cans of lye crystals left 
open on the flooi Otheis diank a solution of lye fiom bottles 

Fiom these findings, it is obvious that most of these acci¬ 
dental bums aie due to the caieless accessibility of open cans 
of lye to childien, the placing of caustics m contameis used 
foi food (cup, glass, oi soda pop bottle), 01 medicine cabinet 
accidents Lye m solution is a whitish, cloudy mixtuie 
which can easily be mistaken foi milk by a child 

Hohngei and Johnston, 2 m then study of 96 cases during 
a 13-year period, found m the five to ten yeai age gioup, one 

_ TABLE II _ 

Age ___ No of Cas&a 

7 months to 2 years _ _ ___ _ -32 

3 j ears to 5 } ears _ _ „ __ - ---19 

6 'leais to 12 jears - _ _ ___ - - 0 


who diank lye on a "daie,” and anothei who diank muuatic 
acid fiom a coke bottle In the 11 to 20 age gioup, all weie 
females, most of whom diank a couosive chemical because 
of disappointment m love Ovei age 20 weie those with 
psychopathic personalities intent on suicide 

All of the cases m the piesent study can be consideied 
accidental, since they weie age five oi undei, and a social 
service woikei examined the homes and caiefully questioned 
the patents when any possible suspicious circumstance was 
encounteied In none was theie found any evidence of homi¬ 
cidal intent 


PATHOLOGY 

As previously stated, lye m its puie foim, oi in the com¬ 
mercial products where it is piesent m high concentrations, 
is by far the most damaging agent In the piesent senes, 
none of the othei chemicals caused significant changes m t ie 
esophagus Othei lepoits m the hteiatuie contain cases o 
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When healing is finally accomplished, a dense fibious coat 
has leplaced the submucosa and musculai la\eis, and the 
newly formed epithelium is of a low stiatified type without 
glands This end-iesult consists of an esophageal lumen with 
many pockets and channels, 01 the lumen may be completeh 
obliterated 

3 A still deepei penetiation will cause neciosis thiough 
the entire wall of the esophagus causing a penesophagins, and 
may e\en lesult m peifoiation with mediastimtis, pericar¬ 
ditis, or bioncho-esophageal fistula A bum of this seventy 
may not alloy the patient to li\e thiough the stages of con¬ 
traction and stnctuie formation Blassmgame, et al , E list 
early deaths as being due to severe pulmonary edema fiom 
aspiration of lve solution, massive necrotizing esophagitis, 01 
se\eie shock 


SIGNS AND SYMPTOMS 

Marked edema and ledness is evident immediately on the 
parts contacted by the conosive The lovei lip is usually 
involved to the greatest degiee, with the mouth, tongue and 
pharvnx being involved to a lessei extent A white mem¬ 
brane forms very lapidlv in the moie seveielv burned aieas 
Immediate djsphagia occuis, accompanied by profuse saliva¬ 
tion, which lasts fiom two or thiee days to a week. 


DIAGNOSIS 

Every patient with a history of ingestion, or evidence ex¬ 
hibited by burns of the lips, mouth, 01 pharynx fiom contact 
with a corrosive, must be considered to ha\ e an esophageal 
hum until pioren otherwise A dilute solution mai not show 
mouth bums, because of an extia heavy coating of mucous 
and saliva at the time of the ingestion, but still cause damage 
to the delicate esophageal membiane, theiefoie, suspicion 
of a bum of the esophagus should be aioused on history alone 
It was felt by the authoi that manv of these patients with 
presumptive evidence of ingestion of a conosne, did not 
suffer significant esophageal damage, and for this reason 
the 51 patients included m this study were esophagoscoped 
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1 A superficial bum may be lepiesented by only a suiface 
eiythema, 01 theie may be destruction of aieas of suiface 
mucosa without damage to the deepei tissues These aieas 
will heal without seal foimation, and theie need be no feai 
of a stnetuie 

2 A deepei bum will penetiate the submucosal and mus- 
culai layeis, causing a desquamation of the mucosa, leaving 
these undeilymg layeis exposed Belmoff 4 divided the couise 
of this degiee bum into the foui stages of neciosis, ulceia- 
tion, gianulation, and seal foimation, f 10 m observations on 
the expenmentally-bumed dog’s esophagus The tissue cells 
of the submucosal coats are destioyed by coagulation of the 
mtiacellulai piotems, and an intense mflammatoiy leaction 
is set up All layeis of the esophagus have become involved 
m this acute inflammation duimg the fust week, and the 
oigan becomes semi-ngid The inflammation also involves 
the myentenc plexus of neives, including both Meisnei’s and 
Aueibach’s, so that both the muscles and neives aie involved 
in the degeneiative piocess Duimg this stage, the patient is 
seriously ill and is fiequently unable to swallow his own 
saliva 

Following this, new blood vessels begin to form with the 
piohfelation of numeious fibioblasts By the end of the 
second week, collagen fibeis have been laid down by the 
fibi oblasts to fill the defect Extensive gi anulations form 
with nevv blood vessels fieely lamifymg thiough this newly 
foimed connective tissue At this time, the swallowing func¬ 
tion leturns appi oximately to normal, and the patient may 
be mistakenly believed to be out of tiouble 

Beginning about the thud week, the collagen fibeis begin 
to contract Adhesions, f oimmg between the granulating 
aieas, form bands and pockets with giadual nail owing of the 
esophagus As this conti action continues ovei a peuod of 
seveial months, the letum of dysphagia may be appaient 
only m a change of the patient’s eating habits, he will eat 
fewei solids, washing down each mouthful with watei oi 
milk, and he will learn to gag himself to iaise food when it 
becomes impacted 



WAGGONER BURNS OF ESOPHAGUS 


17 c ~ 


has been done m most cases since the beginning of the studN 
m 1952, bv lepeated baiium examinations, and none to the 
piesent time has shown evidence of esophageal nai rowing 
If any of these patients should develop dysphagia m the fu- 
tuie, it is safe to assume that the nail owing would be of the 
semi-lunai 01 "shelf type,” which would lespond leadily to a 
few dilatations 

It is also demonstiated in Table III that the long pie\alent 
assumption that lye bums of the lips, tongue, mouth and 
pharynx usually mfei esophageal damage is false, since only 
eight out of 43 patients weie found to have bums of the 
esophagus lequinng tieatment These findings aie even 
moie startling than those of Cody 11 who leports a senes of 23 
cases of mouth bums m which only 12 demonstiated esopha¬ 
geal pathology Fiom these data it is obvious that a false 
impression may have been piesented by many of the leports 
m the literatuie of the pievention of stnctuie formation bv 
early dilatation, since a laige peicentage of these patients 
undoubtedly had no esophageal damage at the begmmng 

The findings in this case study would agiee with Stumboff, 1 - 
i'ho asserts that esophagoscopy can be safely perfoimed dui- 
mg the first stage of an essophageal bum “because the wall 
of the esophagus is coveied with a thick membiane,” and he 
doesn't feel that it is a safe pioceduie latei dui mg the pies- 
ence of ulceiations and granulations Daly 13 wains against 
esophagoscopy m the thnd week, when seal tissue contiaction 
has begun Tins belief is supported bv one of oui cases, 
when theie weie no complications following diagnostic esopha¬ 
goscopy done eight days aftei the ingestion of lye, m which 
a seveie bum was demonstiated, howevei, an ill-advised 
esophagosoepy and dilatation two weeks latei lesulted m 
perfoiation, followed the next day by ail and exudate m the 
ri ght pleuial space and mediastimtis, and death withm two 
days 

It has been oui piactice to use geneial anesthesia to reduce 
nsk of tiauma, and a caieful examination of the hvpophaivnx 
is done befoie enteung the esophagus If a bum is found 
m this aiea, the esophagoscope is caiefully mtioduced thiough 
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fiom five to ten days aftei the accident It was felt that tins 
was the only way of making - a positive diagnosis of an esopha¬ 
geal bum, othei than waiting foi the foimation of a stiictiue 

Many authois have condemned caily esophagoscopy be¬ 
cause of the supposed hazaid of peifoiation Otheis lecom- 
mend delaying the pioceduie foi two to thiee weeks (Jack- 
son, n Woodwaid') Ledeiei 8 advises that esophagoscopic ex¬ 
amination is indicated only m “those patients who have no 
bums m the mouth 01 phaiynx and when the agent is not 
known ” Hanclcel" states that esophagoscopy should be done 
in all cases, but not foi seveial weeks aftei the bum has oc- 
cuned in 01 dei to avoid peifoiation 

Analysis of the 51 cases m this study has pi oven esophago¬ 
scopy to be a safe pioceduie, when done dining the fust five 


TABLE III 


Physical rindlngs No 

of Cases 

Degroo of Burn (JlHophiigoscops) 
Nono Mild (Brythoma) Moderate 

Bums of Lip, Mouth, 

Tongue, or Pharjn\ 

43 

27 

9 7 

No Visible Bums Extornnl 

S 

7 

0 1 


to ten days, m that theie weie no complications fiom the 
pioceduie in a single instance, and most of the examinations 
weie done by the lesident, m tiainmg, undei competent staff 
supeivision The value of such a pioceduie is shown m Table 
III, wlieie 34 patients had no evidence of esophageal bum, 
nine had aieas of mild eiythema which lequned no tieatment, 
and only eight demonstiated a bum lequnmg follow-up 
tieatment Many unnecessaiy and unpleasant tieatments bv 
dilatation weie thus avoided by <13 patients, much valuable 
time by the medical staff was pieseived, and seveial extia 
days of expensive hospitalization and piecious beds weie 
saved 

It is gianted that theie has not been enough lapse of tune 
in the moie lecent cases to be sine that the untieated cases 
may not develop a nan owing of the esophagus at a futuie 
date Stotheis 10 mentions a case of sudden acute impaction 
occuinng 40 yeais aftei the accident, howevei, follow-up 



WAGGONER BURNS OF ESOPHAGUS 


1799 


extent and depth of penetiation The lesulting fibiosis of 
the gastric mucosa obliteiates the gastnc glands, altering 
digestion Varying degiees of pylouc stenosis will be caused 
by cicatricial penetiatmg bums 

TREATMENT 

As m causes of othei seuous accidents, tieatment should 
begin with prevention The passage of the “Fedeial Caustic 
Act,” lequinng the use of conspicuous “Poison” labels, which 
was accomplished by years of woik from the Committee on 
Lye Legislation of the Section on Laryngology of the Ameri¬ 
can Medical Association, lias reduced the incidence of lye 
bums to the esophagus by 90 pei cent accoidmg to Jackson ® 
The lemaming 10 pei cent would be gieatly reduced if the 
public were educated to the seriousness of conosive ingestion 
so that these piepaiations would not be bi ought into the 
home unless absolutely necessary, and any excess would be 
piomptly discaided or made inaccessible to children The 
cases of suicidal intent cannot be l educed, of couise, except 
by lestriction of sale of these preparations to the public 

Foi convenience, management of esophageal bums can be 
divided into immediate tieatment, intermediate therapy, and 
the tieatment of the formed stricture 

Immediate Treatment 

Attempt at neutralization is advocated by most authonties 
Administration of vinegar m one-half strength, dilute acetic 
acid (2 pei cent), oi oiange juice, along with copious 
amounts of water, is lecommended foi ingested alkalies 
Sodium bicaibonate m watei is suggested foi neutralizing 
acids Kiviranta 16 demonstrated that antidotes have no value 
unless administered immediately, he found no evidence that 
attempts to neutralize aftei the fust minute had any effect 
on the clinical course of the patient, and even taken vitlnn 
one minute it did not pie\ent injury to the tissues by a cor- 
losne substance The thought has also been advanced that 
the chemical action of neutralization might pioduce enough 
heat e\ en to increase the bum 
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the cncophaiyngeus and advance of the mstiument is im¬ 
mediately halted at the fust sign of damage except m the 
presence of only mucosal eiythema In case of the lattei, 
the examination is continued until signs of actual penetia- 
tion aie encounteied 

Undei these cucumstances, it is felt that the pioceduie 
cames little if any usk, while offeimg valuable mfoimation 
as 


1 Pi oof of whethei fuithei tieatment is necessaiy 

2 Estimation of the length of time tieatment dilatations 
will be necessary A complete cncumfeiential burn will have 
to be dilated ovei a much longei penod of time, if cuie is 
possible, than one which involves only part of the circum- 
feience 

3 Value of eaily bouginage can be moie accuiately evalu¬ 
ated 

U Prognosis as to whethei dilatations will piovide a cuie 
A deep, ulceiated, cicatricial bum will piobably foim a 
stricture m spite of dilatations 

Although diagnosis of stomach damage, lesultmg fiom the 
swallowing of a corrosive, is not included undei the subject 
of this leview, possibility of its oeunence must always be 
kept in mind McKibben and Lee 14 warn that pylonc stenosis 
has not only been leported in patients with esophageal stnc- 
tuie, but has occuned also m patients with no demonstrable 
esophageal lesion 

A leview of the hteiature back to 1882, by Giay and 
Holmes 15 in 1948, levealed 139 cases of pyloric stenosis fol¬ 
lowing the ingestion of some conosive Although alkalies 
will exert most of their damaging effect on the esophagus, 
and acids on the stomach, the swallowing of an alkali can 
cause seveie damage to the stomach Conversely, acid in¬ 
gestion can cause esophageal tiauma, and m most cases where 
an acid causes an esophageal stuctuie, a stnetuie at tie 
pylons of the stomach will also occui As m the esophagus, 
the seventy of stnetuie at the pylons will depend on tie 
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was no diffeience m the amount of gianulations if Cortisone 
administration vas delajed o\er 48 hours aftei the injur v 

Rosenberg and associates- 0 reported that large doses of 
Coitisone resulted in a lemaikable deciease m the tendency 
towards fibious stncture formation in lje bums of the lab- 
bit’s esophagus, but theie i\as spontaneous peifoiation of 
the esophagus m five of the 44 labbits undei Cortisone, v Inch 
they attributed to the antianabohc, antifibioplastic effects 
retaidmg the lajing down of a gianulation tissue bamei 
These experiments aie paralleled by reported cases of ex¬ 
acerbation and perforation of existing peptic ulceis during 
treatment with Cortisone Weisskopf,- 1 cairvmg out srmilai 
experiments on dogs, reported the formation of no stnctuies 
in the group tieated with Cortisone, wheieas all of the con¬ 
trol animals living ovei 35 da\s developed strictures Eleven 
patients with presumptive e\idence of esophageal lye burns 
(mouth burns and dvphagia) weie given steioid theiapv by 
Rar and Moigan Of these, ten patients did not develop 
stnctuies, and one foimed a clinical stnctuie aftei tluee 
months, the one failuie \\as attributed to the Cortisone’s not 
having been started until foui dais aftei the lye ingestion 

Fiom the preceding in\ estigations, it is appaient that 
Cortisone theiapv, If started v ltlun the second day of the 
accident, will great!v i educe the nurnbei of strictures result¬ 
ing fiom ingested lye, but a note of caution must be inserted 
legal ding the possibihtv of its use promoting a greatei lisk 
of esophageal perforation and mediastinal infections 

The swallowing of a string, as soon as possible, duimg the 
acute phase is lecommended b\ most authonties This helps 
to pieient complete atresia m seieie cicatncial bums, and 
piovides a guide foi latei endoscopic examination and dila¬ 
tion The use of an indwelling feeding tube is unwise, be¬ 
cause of the dangei of pulmonarv complications and because 
of its acting as a foieign bodi to stimulate greatei formation 
of granulations Dalv 13 also suggests that it ma\ dela\ the 
passage of food with the lesult that food particles mai be¬ 
come enmeshed in the gianulations, also causing foieign bodi 
reaction 
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Stomach lavage is conti amdicated when the ingested agent 
is an alkali (Cioive 17 ), because of the dangei of furthei 
damage to the Avails of the esophagus and stomach When 
the agent is an acid, Avashmg-out of the stomach might be 
of value in avoiding pylouc stiictuie 

Admimstiation of olive oil and milk duimg the fust 24 to 
48 horns at fiequent mteivals, is geneially accepted tieatment 
of value They have a soothing influence on the inflamed 
aieas 

Since the patient will fiequently lefuse to swallow, even 
his own saliva, dui mg the fust two oi thiee days, mtia- 
venous fluids may be indicated to pi event dehydration and 
to piovide nounshment Addition of vitamins B and C to 
these paienteial feedings may piomote healing 

A bland soft oi liquid diet can be given as soon as the 
patient will swallow, except m the very seveie bums wheie 
peifoiation of the esophagus may be suspected 

Adequate antibiotic theiapy should be started at once m 
the form of penicillin and stieptomycm, oi the “bioad spec- 
ti um" vaiiety It was demonstiated by Boshei, Buifoid, and 
Ackeiman, 18 m then expenmentally pioduced lye bums of 
the esophagi of dogs, that theie was evidence of bacteind 
invasion of the musculans vaiying fiom actual phlegmon 
formation to localized inti annual abscesses, within 48 houis, 
theiefoie, the amount of eventual scan mg, and the dangei 
of complications fiom immediate peifoiation, will be gieatly 
lessened ivith the eaily institution of vigoious antibiotic 
therapy 

Cortisone admimstiation dm mg the acute phase has seveial 
enthusiatic supporteis Many expenments have been earned 
out on animals lvhich demonstiate the potent mhibitoiy in¬ 
fluence of Cortisone on the mflammatoiy lesponse of tissue 
to mjuiy Spam, Molomeit, and Habei, 10 m mice expen¬ 
ments, found scant collections of fibi oblasts, insignifican 
collagen foimation, and no new capillanes, if Cortisone was 
started within the fust few horns of mjuiy, howevei, theie 
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course of treatment, daily dilatations weie again lesumed 
Each tieatment was begun with a bougie two sizes smallei 
than the laigest used in the piecedmg tieatment The laigest 
bougie used m each tieatment was left m place foi as long as 
possible up to 30 minutes Of the 41 patients tieated by this 
method, only one developed a stuctuie, conveisely, of 14 
patients of then sei les who i eceived no dilatations, six formed 
stiictuies The safety of this method was demonstiated by 
no accidents oi deaths occiunng m the 41 patients so tieated 

The lationale foi tieatment of esophageal bums by eaily 
dilatations is based on the supposition that conti action of 
the collagen fibeis laid down m the damaged aiea, is pie- 
vented This foim of tieatment has also been championed 
bv Ci owe, 1 " Kemodle, 2S and Holingei 

Othei authois disagiee with the management of esophageal 
bums by eaily dilatations This is based on the belief that 
the esophagus should be put at complete lest duung the 
inflamed penod, and that eaily dilatation selves only to 
maintain the inflammatory state Stumboff 1 - lecommends 
duect bouginage tluough the esophagoscope when the stnc- 
tuie starts to foim on the thud to the sixth week Dilatations 
weie started by 'Vinson 70 only aftei the lumen had conti acted 
by scai tissue to a size that would not peinnt the fiee passage 
of fluids, his leport included a high peicentage of deaths, 
leveahng the dangei of vigoious dilatation of a conti acted 
scai 

Belief that dilatations of any kind aie useless, was ex- 
piessed by Bui fold, et al , 31 who felt that modem esophageal 
suigeiv had outmoded tlus form of tieatment They main¬ 
tained that all established stiictuies of the esophagus weie 
suigical pioblems 

Late Tieatment 

When a cicatucial stuctuie has foimed, weighted bougies 
of the type used m eaily dilatations aie not effective, although 
thev may still be of value in the semi-lunai oi “shelf tvpe” of 
nan owing 

Blind bouginage, othei than with the meicuiy oi lead-filled 
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Intermediate Theiapy 

Since the burned esophagus tends to staid; conti action dui- 
mg the third week, pievention of a stuctuie becomes the mam 
concei n dui mg this latent phase Suppoi tive measui es should 
be continued as outlined undei immediate tieatment In 
addition, the advisability of dilating the damaged esophagus, 
as soon as the patient is able to swallow, must be consideied 

Salzei 23 is ciedited with being the fust to advocate eaily 
dilatations In 1920 he lepoited 12 cases m which dilatations 
had been started on the second to sixth day aftei ingestion 
of the coirosive 

Attention was diawn to Salzei’s leport by Bokay, 24 m 
1924, when he lepoited the use of eaily dilatations m 132 
patients with excellent lesults m 117 Good results in 90 pel 
cent of 180 patients was leported m 1934 by Salzei 25 with 
his method of early dilatations 

In this countiy, Martin and Aiena 26 leviewed the subject 
of lye ingestion and reported thiee cases of eaily dilatation 
m 1939 

Eaily dilatations weie begun, m 1924, by Gellis and Holt- 
m the Han let Lane Home of the Johns Hopkins Hospital 
They lepoited on 110 childien with a history of lye ingestion 
m 1942 Dilatations m 41 of these patients were started 
immediately if theie was not gieat swelling of the fauces, 
and it was nevei postponed moie than foui days Bougies 
consisting of soft mbbei catheteis filled with lead shot weie 
used from No 14 to 34 Fiench Dilatations weie stalked 
with a small size bougie and woiked up until the laigest 
size passed with difficulty No foice was used m passing' 
the bougie, and if evidence of bleeding appealed the treat¬ 
ment was discontinued foi the day The amount of tieatment 
lequned was found to vaiy with each patient, howevei, the 
usual schedule consisted of daily dilatations foi two weeks, 
thiee times a week for the next two weeks, twice a week foi 
two months, once a month foi six months and two oi thiee 
times a yeai foi two or thiee yeais 

If any increasing difficulty was encounteied duimg the 
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4 Peisistent ulceiation foi mam weeks, as eudenced b\ 
blood stieakmg on the bougie 

5 When the scaned esophagus cannot be dilated without 
danger of penesophagitis and mediastirutus 

6 When coopeiation of the patient cannot be obtained foi 
the necessaiv legulai dilatations because of a psvchotic pei- 
sonahty 

Surgerv of the esophagus has made gieat advances dui mg 
the past 20 yeais, due to impioved suigical techniques, gieatei 
knowledge of phisiologv concerning fluid and electiolvte 
balance, the gieat advances m anesthesiology, and the intro¬ 
duction of ehemo- and antibiotic theiapv 

Manv techniques have been developed foi lestoration of the 
normal swallowing mechanism m the damaged esophagus 
which cannot be lehabilitated bv bouginage These methods 
can be convementlv divided into the antethoiacic and mtra- 
thoracic approach 

Antethoracic 

In 1913 Toiek 33 leported tlie fust successful case of le- 
section of the thoiacic esophagus foi carcinoma He bi ought 
the cervical stump of the esophagus out to the skm suiface 
A long lubbei tube was fixed m the gasti ostomy opening, 
and the patient placed the othei end into the ceivical esopha¬ 
geal opening when he wished to swallow 

A skin-lined tube connecting the cervical esophageal fistula 
with the gastrostomy opening was done on six patients by 
Yudin 34 m his leport of 80 cases of suigical constiuction of 
the artificial esophagus He claimed a good functional lesult 
m these patients that survived, but one patient died between 
procedures, and two developed fatal peptic ulceis m the skin 
of the new esophagus This complication, plus the necessity 
of many suigical stages and prolonged hospitalization with a 
distasteful cosmetic result, has limited the use of this pro¬ 
cedure 

Subcutaneous jejunal substitution was used bi Yudin in 
most of his cases, m conjunction w ith a cutaneous tube if 
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type has long - been condemned, because of the danger of 
hemonhage, production of false passages, 01 peifoiation with 
mediastimtis Befoie other methods weie available, Tuckei 32 
quotes Tiousseau “Soonei or latei, all cases of stnctuie 
of the esophagus die of the bougie ” 

If dilatation of the established stnctuie is consideied to 
have a chance of success, the acceptable methods include 

1 Dneet dilatation thiough the esophagoscope, using Jack- 
son dilatois This method can be used m cases of a single 
stnctuie, but it is hazaidous m the presence of multiple 
stnctuies 

2 Olive-tipped bougies passed ovei a pieviously swallowed 
stung eliminates the danger of the bougie entenng a blind 
pouch This method does not lequne gasti ostomy, and simpli¬ 
fies the task of the suigeon if gastioesophageal anastomosis 
is to be done latei 

S Retiogiade bouginage by the continuous stung method 
of Tucker 32 m gastvostomized patients, is the safest method 
for extensive oi multiple stnctuies 

4 Pneumatic bougies placed under fluoroscopic control 

It is geneially accepted that dilatation of esophageal stnc- 
tures should be continued until it becomes apparent that a 
functional esophagus cannot be obtained, or until it appears 
that furthei attempts at bouginage aie dangeious Only 
then should a lesort to suigical methods of lepau be con¬ 
sideied 

The indications foi abandoning dilatations and lesortmg 
to suigeiy aie 

1 Impermeable stnctuies wheie theie is a complete steno¬ 
sis and attempts to establish a lumen have failed 

2 Seal ling that has lesulted m pocketing and maiked 
megularity oi fistulas 

5 Persistent pool lesponse to dilatations wheie the lumen 
cannot be maintained at a functional size 
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logically, to anj form of external esophagoplasty as a method 
of lestoimg functional continuity of the uppei alimentaii 
tract ” 

Esophagogastric anastomosis may be the pioceduie of 
choice m stnctuies of the lowei thud of the esophagus As 
the level of the anastomosis goes beyond the level of the 
aortic aich, gieatei difficulty is encounteied, especially with 
a pieviously gasti ostomized scaned stomach, and the lisk 
of an anastomotic leak is gieatly increased 

Fatti, et al, u leported 40 cases of esophagogastiostomy, 
all of which weie anastomosed above the aortic aich There 
"eie 24 patients m whom lestitution was complete, eight 
who lequired occasional bouginage, and eight who died aftei 
operation, a 20 pel cent mortality They attributed the un¬ 
satisfactory lesults to the anastomosis being made at, or below 
the site of esophageal fibiosis The deaths occuned from 
peptic esophagitis and gasti ic ulceiation with perfoiation 

Intiathoiacic esophagojejunostomj has been advocated by 
some authors foi lesions involving the uppei thud of the 
esophagus Remhoff 41 descubed this method of mobilization 
of the jejunum and anastomosis with the esophagus m 1946 
The mam disadvantage of this procedure is that the stomach, 
duodenum and upper jejunum are side-tracked by the food, 
and serve only to secrete juices into the intestinal tract 

More recentlj, the ascending and tiansveise colon have 
been used m esophagocologastrostom\ oi pharyngocologas- 
tiostomy, and two cases weie leported bj Naidi 43 this yeai 
for repaii of extensive lje stnctuies without lesection of the 
esophagus Mahoney and Sherman 44 reported one case of 
total esophagoplasty, using mtrathoiacic light colon for carci¬ 
noma m 1954 This pioceduie has the advantage of the 
colon piovidmg enough length so that the uppei anastomosis 
can be made at the most optimal site, and all of the scarred 
area can be bv-passed The colon also seems to have a higher 
lesistance to the acid-peptic secietions of the stomach, as 
demonstrated bj Dragstedt and Vaughan, 4j who found tliat 
a loop of colon transplanted to the stomach of a dog was 
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the jejunum would not leach He feels that this is the pio- 
ceduie of choice, and he is joined m this belief by Fmnerty , 15 
howevei, the esthetic lesult of this pioceduie is also subject 
to cnticism 

Most suigeons at the piesent time feel that the antethoiacic 
appioach is obsolete in companson with the impioved methods 
of mtiathoiacic substitution 

Inh athorac 

Resection of the scaned aiea, and end-to-end anastomosis 
of the esophagus, can be done foi the single short stuctuie 
of less than five cm Gioss 38 m 1948 leported one successful 
case tieated in this mannei This type of lepan is not fie- 
quently applicable, because cases seveie enough to waiiant 
suigical intei vention usually have multiple stuctuies 

Esophagogasti ostomy, with 01 without lesection of the 
damaged esophagus, has been veiy populai with many sui¬ 
geons Biondi 37 is ciedited with doing the fust studies foi 
this pioceduie m 1895, but he leported difficulty with leakage, 
and fiequent leminence of stnctuie foimation at the site 
of the anastomosis In then series of esophagogastiostomy 
m 52 dogs, Caiter, et al , 38 leported that no stuctuies foimed 
if the end-to-side type of anastomosis was made, wheie one 
end of the esophagus was anastomosed eithei to the edges of 
the incision in the fundus of the stomach, oi to the edge of a 
cuculai aiea excised fiom the fundus, they also leported 
an 89 pei cent incidence of perforation at the line of anas¬ 
tomosis when no anchoi mg sutui es were placed in the stomach 
oi esophagus, and no incidence of peifoiations when both 
the stomach and esophagus weie anchoi ed in position 

The fust case of esophagogastiostomy found by this authoi, 
was that leported m 1935 by Deckel, 30 done foi caicmoma 
This pioceduie was championed by Sweet' 10 m 1946, in his 
lepoit of three successful cases done foi esophageal stnctuie 
m which he states that, “m cases of inti actable stnctuie of 
the esophagus lesultmg from chemical bums, an esophagec¬ 
tomy followed by a high mtiathoiacic esophagogastnc an¬ 
astomosis is supei ioi anatomically, physiologicallv and psycho- 
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the uppei third with some delay of the banum Week]} 
dilatations with olive tipped bougies over a string weie 
started Banum study of the esophagus 13 months latei 
did not shov, any abnormality, although bouginage had been 
discontinued thiee months pieviouslv 

A 16-month-old baby did not leceive the advised follow-up 
treatment and developed a stuctuie lequinng gastiostomy 
Tins patient is now under treatment with weekly letiograde 
bouginage She is cuiientlv dilated to a size-34 Fiench This 
gasti ostomv could piobablv have been avoided if eaily dila¬ 
tations had been instituted 

Anothei patient, who did not have follow-up treatment, 
became completely obstiucted and a gasti ostomv was done 
m another hospital When he came undei oui care, he had 
been fed through the gasti ostomv foi six months Numerous 
attempts to pass a string w ere unsuccessful External esopha¬ 
geal exploiation was done by the surgical department, and a 
silk string was inserted, with the ends thieaded into the 
mouth and out the gasti ostomy fistula The patient expned 
12 days after this proceduie, with post-mortem findings of 
an esophagopleural fistula, left pvopneumothorax, pulmonarv 
atelectasis, pneumonia, and banum in the lung and medias¬ 
tinum 

Comment Eaily tieatment by bouginage might have re¬ 
habilitated this patient When attempts to pass a string 
failed, surgical reconstruction with one of the mtrathoiacic 
methods would have been piefeiable to the attempt that was 
made 

The othei patient of this senes has been discussed pie- 
viously He had no ill effects fiom diagnostic esophagoscopy 
done nine days aftei contact w ith 1\ e, how evei, an ill-advised 
esophagoscopy done 27 da\s aftei the ingestion resulted m 
peifoiation and death in two davs 

Comment This case lllustiates the safetv of eaily esopha¬ 
goscopy and the danger of the same piocedure during the 
period of slough and scar tissue conti action If this patient 
had been started on dilatations with the meicurv -filled bougies 
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noimal both macroscopically and microscopically aftei one 
yeai 

It may not be practical to remove the scaued esophagus 
if theie is considerable periesophageal fibiosis, since the 
planes aie obliterated and seveie bleeding may occui In 
such a case, the transected ends may be turned m to form a 
blind pouch Denton and Biadshaw 48 showed m experiments 
on nine dogs that the closed-off esophagus becomes a mucous 
filled cyst which produces no adveise effect The cyst is 
self-limited in size, since the pressure developed fiom within 
causes atioplry of the mucous glands If the esophagus is 
left in situ the vagi aie not interrupted, and the annoying 
sequellae of gastric atony and retention are avoided, how- 
evei, the possibility of eaicmomatous development ansing 
fiom the strictuied site still remains Carver and associates 47 
reported two such cases m then analysis of 233 patients with 
lye stnetuies, Cecil 48 lepoited two similai cases, and this 
author has had one in a patient that had undergone an 
esophagogastrostomy by the thoracic suigical department 

When resection of the esophagus is done, it has been noted 
that the more ngoious the bouginage was puisued prioi to 
suigeiy, the healthiei the stnctuied portion appealed Cody 11 
found cases m which theie had been little or no effort at 
dilatation, to have the most reaction and infection 

ANALYSIS OF CASE STUDY 

In this senes of 51 patients, with histoiy of evidence of 
chemical ingestion, eaily diagnostic esophagoscopy revealed 
only eight that needed follow-up treatment 

Four patients weie tieated by the “Salzei Method,” ap¬ 
proximately as outlined by Gellis and Holt 2 ‘ One had a 
complete cucumfeiential burn of the upper third of the 
esophagus and the other thiee demonstrated linear burns 
All have been kept under observation for ovei two yeais, and 
none have developed signs of esophageal nai rowing 

One patient was not started on immediate bouginage, and 
an esophagogram one month latei revealed nan owing m 
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proaches are the most desirable, and of these, the use of the 
colon appeals to offei the best chance of success 
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following the fust esophagoseopy, he could piobably have 
been lehabihtated 

It appeals evident that the five patients who leceived 
adequate peioial bouginage will have a satisfactory lesult 
The thiee otheis, who should have had the same tieatment, 
might well have had a similai outcome 

The nine patients who levealed aieas of mild eiythema by 
eaily esophagoseopy, so fai have shown no need foi furthei 
tieatment These, and the 34 otheis who had no evidence of 
esophageal damage, escaped the unpleasant oideal of lepeated 
bouginage, and none have letumed with evidence of esopha¬ 
geal nan owing 


CONCLUSIONS 

1 Diagnostic esophagoseopy is a safe pioceduie in lye 
bums of the esophagus when done within five to ten days 
aftei the ingestion 

2 Eveiy patient with a suspected lye bum of the esophagus 
should be examined by esophagoseopy dui mg this penod to 
deteimme piesence oi absence of a bum 

8 Seventy of a bum, appioximate length of time tieat¬ 
ment will be necessary, and chances of ultimate cuie can be 
deteimined by this initial esophagoseopy 

U Esophagoseopy is a less safe pioceduie dunng the thud 
and fouith week aftei the ingestion of lye 

5 Ingested chemicals, othei than lye, do not oidmanly 
penetrate to the extent of causing ultimate stnctuie formation 
m the esophagus 

6 Eaily dilatations, with weighted bougies, is piefeiable 
to delaying them until the stnctuie has formed 

7 Whethei the pioceduie of dilatations is of the early or 
late vanety, it should be given adequate chance of success 
befoie the recommendation of suigical intervention is advised 

8 When smgery becomes indicated, the mtiathoiacic ap- 
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THE COLLEGE OF MEDICAL EVANGELISTS 

A couise m “Reconstructive Surgery of the Septum and 
External Nasal Pyramid” will be sponsoied by the Depart¬ 
ments of Otolaryngology of the College of Medical Evangelists 
School of Medicine and the Univeisity of Southern California 
School of Medicine, and will be given at White Memorial Hos¬ 
pital, Los Angeles, Calif The couise will begin at 7 00 P M , 
January 6, 1959, and end 12 00 noon Fndav, January 16 Di 
Maurice Cottle will be the directoi AH applications should be 
forwarded to Leland R House, M D , 1720 Biooklyn Avenue, 
Los Angeles 38, Calif 
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low mg, gagging, 01 cough It should permit manipulation of 
the instrument at the canna and m the bionchi, and passage 
of suction tip and biopsv foiceps without stimulation of leflex 
coughing To ob\iate peisonal bias the endoscopists m this 
stud\ weie unawaie of the method of anesthetization em¬ 
ployed 

3 Subiect'i e Ei aluation by the Patient The induction of 
anesthesia should be accomplished with a minimum of dis¬ 
comfort to the patient because of compiomismg positions 
distasteful solution m the mouth, etc The anesthesia should 
be sufficiently complete, that the actual opeiation causes 
neither pain noi discomfort In addition to pam 01 discom¬ 
fort, freedom fiom a degiee of leaction to the anesthesia 
chaiacterized b\ appi eliension, a feeling of ill-being, palpita¬ 
tion, mcieased peispnation, and faintness aie considered 
significant m influencing the patient’s intei pi etation of the 
satisfactonness of the anesthesia 

METHOD 

Obsei\ations weie made upon 67 consecutne diagnostic 
bionchoscopic examinations Premedication consisted of phe- 
nobarbital, 0 1 h s , the evening before operation, and seconal 
01, and moiphme sulfate, 0 016, bv hipo approximately one 
hour befoie opeiation The patients weie anesthetized m a 
room adjoining the bionchoscopy clinic, and care was taken 
that the bionchoscopist did not ascertain the method used 
The two methods weie waned indiscriminately The spiay- 
drop method was used m 29 cases and the tianstiacheal m 
36 In the tianstracheal gioup 3 cc of 5 pei cent cocaine 
were introduced in 21 cases, and the same amount of 10 pel 
cent cocaine m 15 cases Tw o cases w ere eliminated from 
the scoring because bronchoscopi was not completed, due to 
anatomical difficulties m introducing the instiument at the 
time of the ini estigation 

EV ALUATION 

Results weie observed and tabulated at the time of intro¬ 
duction of the scope, and again dui mg manipulation of the 
intrument deep within the trachea oi bionchi Each case 
was scoied, using the arbitrary standards of 5 foi excellent 
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The advantages and disadvantages of vanous anesthetic 
agents for anesthesia m bronchoscopy have been extensively 
aigued This study is concerned with the employment of a 
single diug (cocaine) m vaiymg concentrations and by diffei- 
ent techniques We have tiled to evaluate as objectively as 
possible the relative ments of the transtracheal technique of 
anesthetization as compaied with a spiay 01 diop instillation 
of the agent In the fust of these the anesthetic is mtioduced 
into the tracheal lumen by a syringe and needle passed 
thiough the skm of the neck and the cuco-thyioid membiane 
In the spray and diop method the pharynx is spiayed, using 
an atomizei and 5 to 10 minutes latei, a laryngeal minor is 
mtioduced and anesthetic solution dnpped thiough the glottis 
into the laiynx and tiachea 

The evaluation is based upon thiee cntena 

1 Safety —which implies avoidance of systemic reaction 
to the diug and accidents mheient to the technique itself It 
is lecogmzed that vanous drugs have lelative degrees of 
safety m this lespect, but both the total amounts m milligrams 
and the concentrations of cocaine used m this study aie con¬ 
sidered to be within acceptable limits 

2 Objective Evaluation by Endoscopist Anesthesia must 
be adequate to permit the introduction of the bionchoscope 
without causing discomfort oi piovokmg tioublesome swal- 


*Th1s study was carried out under the direction of the late Dr Ja 
Carswell Jr Chief of Thoracic Surgery at the V A Hospital McKin r 
Texas The bronchoscoplc procedures u ere performed b> Drs t 
Hoffman and William Vlar of that section and the anesthesias w ere « 
ministered by Drs Frank Davidson and James McKinney of tn® be ^l’ fter j a 
Anesthesiology Obsersations of the factors chosen to satisfy the c> . 
were made as a joint effort bs two or more of these pliyslcjans in __ 
case The data were collected by Drs Davidson and McKinney 
statical significance of the data w as determined bs Mr Joan 
Clinical Psychologist attached to the Section of Anesthesiolos' 

tAnestheslology Section Veterans Administration Hospital tick lines 


Texas 

Editor s Note This manuscript received in 
accepted for publication March 31 1958 
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STATISTICAL ANALYSIS OF RESULTS 


introduction 


Bronchoscopv 

11 = 2L79 

Sprav (N = 29) 

31 = 11 90 

S = 443 


S = 270 

00 

II 

a 

w 


Sm = 51 

31 = 24.23 

Transtracheal 5 per cent (N = 22) 

M = 13 77 

S = 1.2S 


S = 153 

O 

CO 

II 

a 


Sm = 33 


Transtracheal 10 per cent (N = 15) 

M = 23 93 
S = L62 
Sm = 44 


31 = 14 33 
S = 99 

Sm = .26 


Transtracheal (5 per cent — 10 per cent) (N = 37) 

M = 24.11 31 = 14 00 

S = 145 S = L33 

Sm = .24 Sm = 3.1 

_t' Tests of Significance of Difference in Means 

5% transtracheal introduction M = 24 33 
Spray introduction M = 2L79 

t = 2 77 d.f. = 49 Significant bevond 01 level 


transtracheal bronchoscopv II = 13 77 
Sprav bronchoscopv M = 1L90 

t = 3 07 d.f. = 49 Significant beyond 01 level 

1067 transtracheal introduction 31 = 23 93 
Sprav Introduction M = 21 79 

t = 2 25 d.f. — 42 Significant bevond 05 level 

10Sc transtracheal bronchoscopv M = 14 33 
Sprav bronchoscopv 31 = 11 90 

t = 4 26 dT = 42 Significant bevond 01 level 

Combined transtracheal introduction M = 24.11 
Sprav introduction 31 = 21 70 

t = 2 64 dT =64 Significant beyond 02 level 

Combined transtracheal bronchoscopv 31 = 14 00 
Sprav bronchoscopv M = 11 90 

t = 3 75 d-L = 64 Significant bevond 01 level 

Transtracheal 5^ introduction M = 24.23 
Transtracheal 10<7 Introduction M = 23 q 3 

t = 5 7 df = 35 Not significant 

Transtracheal 5^7 bronchoscopv M = 13 77 
Transtracheal lC'Z bronochoscopv 31 = 14 33 

t = 133 d.f = 35 Not significant 


INTERPRETATION OF SIGNIFICANCE OF RESULTS 

On the basis of this studv it appeals that the tianstracheal 
technique is significantly superior to the spiav and instillation 
technique foi bronchoscopv, insofar as mtioduction of the m- 
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4 foi good, 3 foi fan, 2 foi pool, and 1 foi unsatisfactory, foi 
each of these factois—swallowing, gagging, coughing, geneial 
comfort and geneial behavioi duung introduction of the 
bionchoscope Thus a perfect scoie foi mtioduction was 
tabulated 5, 5, 5, 5, 5 with a total of 25, entnely unsatis¬ 
factory anesthesia foi mtioduction lesulted m a scoie of 1, 
1, 1, 1, 1 with a total of 5 

A second scoie was compiled foi satisfactory lesults duung 
manipulation of the instruments m the tiachea, and based on 
the factois of coughing and geneial comfort and behavior 
These weie similaily scoied 5, 5, 5 foi a total of 15 foi en- 
tiiely satisfactory, and 1, 1, 1 foi a total of 3, if quite un- 
satisfactoiy 

A summary of the scoies follows 


SUMMARY OP TRANSTRACHEAL VERSUS SPRA1 TECHNIQUE 
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"Cases 38 and 50 were discarded because of failuie 
bronchoscope for anatomical i easons 


to introduce the 



COMBINED NUTRITIONAL AND PSYCHOSOMATIC 
MANAGEMENT OF MUCOSAL DISEASE 

The Stress Concept Applied to the Treatment of 
Ear, Nose, and Throat Diseases * 


W D Currier, M D, 
Pasadena, Calif 


Dietan supplementation as pait of the treatment of eai, 
nose and thioat diseases has been so rudely discussed m the 
hteiatuie that the subject seems r\ ell-nigh exhausted Con¬ 
vincing lesults veie obtained with \anous dietarv legimens 
and by the piescnption of an appiopnate vitamin therapr 
Clinical expenence of this kind has been confnmed, not onh 
bv animal expel iments but also bv conti oiled tests m human 
tolunteeis, thus a numbei of deficienci diseases weie lecog- 
mzed and standaid tieatment methods developed, but berond 
these pathologic conditions theie is a v, ide lange of partial 
01 potential deficiencies with ill-defined and r anable signs and 
svmptoms Mhich mav 01 mav not lespond to a change of diet 
01 to \itamm theiapv 

Partial deficiencies 01 boideihne states aie by then verv 
natuie difficult to lecognize Each case is diffeient and 
occuis m an individual setting of phrsiologic and envnon- 
mental conditions, thus generalizations are of doubtful value 
and little can be expected fiom use of the statistical method 
Animal experiments aie at best suggestne, and the same 
holds tiue with legaid to tests m \olunteers 01 group ob- 
seivations Small nondei, then, that the field is life with 
conti or ersv and abounds with subjectn e statements fiom op¬ 
posing camps Undei these cncumstances not much can be 
expected fiom a meie leview of past observations, and the 
only hope foi clanfication of the issue lies in a fresh appioach 

t research was made possible b\ a grant from the W C Kala<*h 

Laboratories Pasadena Calif 
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stiument is concerned, and also foi actual manipulation 'with¬ 
in the tiachea and bionchi 

The lelative ease with which transtiacheal anesthesia can 
be accomplished, and the zapidity with which anesthesia de¬ 
velops aie fuithei factois which, while outside the scope of 
this investigation, lend significant support to the conclusion 
of its supenonty 

It is of intei est that the substitution of 10 pei cent foi 5 pei 
cent cocaine m the tianstiacheal technique did not signifi¬ 
cantly impiove the anesthesia 

Since this investigation was cained out the technique has 
been modified to peimit the use of smallei quantities of solu¬ 
tion foi the pioceduie, and m most cases it has been found 
that 2 cc of solution aie adequate 


INTERNATIONAL SYMPOSIUM ON RADIOLOGY IN 
OTOLARYNGOLOGY 

On Decembei 7 and 8, 1958, the Giuppo Otoi molaryn- 
gologica of the Alta Italia will sponsoi an International Sym¬ 
posium on Radiology m Otolaiyngology undei the dnection 
of Pi of Luigi Pietiantom, Dnettoie della Clinica dell' Um- 
versita de Milan, Pi of Aiduimo Ratti, Dnettoie dell lati- 
tudo di Radiologica dell’ Umveisita de Milan, and Honoiarv 
Piesident Prof Felice Peiussia Foi fuithei mfoimation 
wnte the Secietaiy of the Symposium, Clmica Otonnolaryn- 
gologica dell' Umveisite di Milan, via Commends 16, Italy 
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the days of Hippocrates, 13 but it uas Selye’s contribute m 
that he based his all-encompassing concept on findings r 
the field of hormonal mtei action and tested it by exact lab- 
oiatory experiments 

This new approach has gieatly stimulated lesearch as well 
as the treatment of vanous diseases The stiess concept was 
taken up by diffeient medical specialties, foremost among 
them endocrinology, with psychosomatics lunning a close 
second, but there is no bianeh of medicine which has not 
piofited by the discovery of stressor's and the evaluation of 
stress-pioducmg situations With ever moie sensitive tech¬ 
niques of investigation the number of stress-producing agents 
and situations is constantly mei easing 

It would, howevei, seem that in paying attention to special¬ 
ized applications of the stiess concept Selye’s basic idea of a 
unified theory of disease has been lost sight of In the light 
of his original plan the most lemaikable discovenes m the 
field of hoimonal interaction, 01 m any othei of the special¬ 
ties, are onlv means of clanfymg the common basis of health 
and disease A fiame of leference foi hitherto uni elated 
biological events has been established This is important foi 
the recognition of pathologic piocesses, but its significance 
does not end theie It is only one step from a unified concept 
of disease to a unified concept of theiapt Bv impioMng 
several seemingly uni elated functions ve come closer to the 
ultimate objective of all medicine—to piomote health The 
coordination of as yet sepaiate methods or pioceduies into 
an integrated plan of treatment holds out piomise of a much 
gieatei and moie lasting theiapeutic effect 

Reseai ch and therapeutic expeiience have piogiessed fai 
enough foi such a uni fied approach to be applied m the man¬ 
agement of common eai, nose, and thioat diseases Tins can 
be best demonstrated with legald to the status of the mucous 
membranes of the ear and the lespnaton passages, m health 
and disease 

Nobody v ill underestimate the value of topical treatment, 
particulaih chemo- and antibiotic theiapv, m combating 
earners of infection, but still moie important aie the natuial 
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to the problem of dietary deficiencies and nutritional supple¬ 
mentation 

We might begin by considenng the basic diffeience between 
pathology (moiphology) and biochemistiy, as pointed out 
by Williams 21 He remaiked that the pathologist is often 
unable to distinguish moi phologically between healthy cells 
and those which are deficient m some essential pimciple 
Pathology is limited to the study of end-pioducts of disease 
processes, while the field of biochemistry is much laigei, 
concerned as it is with all phases of life—not only the de¬ 
structive ones This distinction is of greatest importance m 
modem therapy which is no longei lestucted to the treatment 
of symptoms, but also aims at improving the patient’s gen- 
eial health by attention to the underlying factors 

What is health 7 If we consult the dictionaries we do not 
leceive any leal answei Webster defines health as “the 
state of being hale 01 sound in body, mind, 01 soul, especially 
fieedom from physical disease 01 pam ” Essentially the same 
information comes fiom medical dictionaries Blakiston, for 
instance, tells us that health is “that condition of bodily sound¬ 
ness m which the functions are pei formed noimally, a state 
of well being and freedom from disease ” The reference to 
“noimal” functions is not much of a lead eithei Ivy, 8 m 
a very thoughtful paper on “What is Normal 01 Normality 7 
amves at a description of the physiologically noimal condi¬ 
tion of the body “as that lelatively steady state which lesults 
fiom well integiated functions supported by margins of safety 
m materials, stiuctuies and piocesses,” but he adds immedi¬ 
ately that this is not “a definite lefeience point fiom which to 
measuie 01 with which to make a companson Piovocative 
as this physiological statement may be, it is ceitamly too 
vague to seive as a dnective m the selection of theiapy, an 
leaves us with only a geneial notion of what might be achieved 

At this point the stiess concept, as pioposed by Selye, 
comes to oui aid His definition gives the term “stiess a 
specific meaning 14 it is an attempt to amve at a unifie 
basis foi vanous disease piocesses and their signs and symp¬ 
toms Others befoie had tned such a unified appioach, since 
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the days of Hippociates, 13 but it was Selve’s contnbur ...'. 
that he based his all-encompassmg concept on findings ± 
the field of hormonal intei action and tested it b\ exact lab- 
oiatorv experiments 

This new appioach has gieatlv stimulated research as ■well 
as the treatment of various diseases The stiess concept was 
taken up by diffeient medical specialties, foiemost among 
them endocrinology, with psychosomatics lunnmg a close 
second, but there is no bianeh of medicme which has not 
piofited by the discovery of stiessors and the e\ aluation of 
stress-producing situations With e\ei moie sensitive tech¬ 
niques of investigation the numbei of stiess-pioducmg agents 
and situations is constantly mci easing 

It would, howevei, seem that m paying attention to special¬ 
ized applications of the stiess concept Selve’s basic idea of a 
unified theorv of disease has been lost sight of In the light 
of his original plan the most lemaikable discoveiies m the 
field of hormonal intei action, 01 in any othei of the special¬ 
ties, aie onlv means of clanfiing the common basis of health 
and disease A fiame of lefeience foi hitherto um elated 
biological events has been established This is important foi 
the lecogmtion of pathologic processes, but its significance 
does not end theie It is only one step fiom a unified concept 
of disease to a unified concept of theiapv By impiowng 
seveial seemingly uni elated functions we come closer to the 
ultimate objective of all medicine—to piomote health The 
cooidmation of as jet sepaiate methods 01 pioceduies into 
an integrated plan of treatment holds out pionnse of a much 
gieatei and moie lasting theiapeutic effect 

Resealch and theiapeutic expeiience have piogiessed fai 
enough foi such a unified appioach to be applied in the man¬ 
agement of common ear, nose, and tin oat diseases Tins can 
be best demonstiated with legald to the status of the mucous 
membranes of the eai and the lespnaton passages, m health 
and disease 

Nobody will undeiestimate the value of topical tieatment, 
particulailv chemo- and antibiotic theiapj', m combating 
earners of infection, but still moie important aie the natuial 
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defenses of the mucous membi ane, oj io put it diffeiently, 
its ability to deal with noxious agents of any kind It has 
been convincingly shown that lesistance to infection is low¬ 
ered in stiessful life situations 7 Similaily endoenne and 
autonomic distuibailees insult m impanment of the piotcc- 
tive functions of the mucous membi ane 11 Nutntional de¬ 
ficiencies not only mteifeie with smooth iccoveiy fiom dis¬ 
ease, but also change the micioscopic sti uctuie of the mucous 
membi ane and lowci its ability to lesist the mioads of stiess 1 

Thoiapy along any one of these lines at times piodutes 
spectaculai losults Topical tientment is likely to affoid 
immediate lclicf, endoenne thoiapy often leads to icmaik- 
able impiovcment, iisychotheiapy m one foim oi anothei 
may lcsolvo the conflict-laden situation and theieby icmovo 
psychic stiess, bettei nutiition not only mcicases all-aiound 
health but has also boon found effective m lowcnng the in¬ 
cidence of uppei lespnatoiy disease 10 The most pionusing 
appioach, howcvoi, would seem to be a combination of these 
two last-named tientment methods with topical thoiapy to 
alleviate the immediate complaint * It will be shown that 
dicta] y supplementation and psychotheiapv aie mutually 
suppoitivc, one potentiating the beneficial effects of the 
othci 

Such an mtegiated plan of thoiapy amounts to a piactical 
application of Sclye’s oiigmal concept of stiess The vanous 
sticssois and stiess-pioducing situations aie intcilinked, and 
by attacking seveial of them simultaneously it is possible to 
influence the ovci all i eaction pattci n of the patient The 
whole is moio tlun the sum-total of its paits 

Examples of how sticssois and stiess-pioducing situations 
aie intci linked might easily be found in all fields of medicine 
and by cntical evaluation of any theiapeutic appioach Con¬ 
cent! tiling on dietaiy supplementation, thcie can be no doubt 
that this nicnsui o by itself is often highly effective 71 Recent¬ 
ly Watson, of W C Kalnsh Laboiatones, Pasadena, Calif,' 
obtained significant i chef of mental symptoms by inclusive 
dietaiy supplementation, but dietaiy intake jopiescnts onlv 
one aspect m a much moio compiehensive setting of inteinn 
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and external conditions which determine the degree of * 
being of the human oiganism This has been v. ell evpiess 
bv Dann and Daiby, aftei suiveying the many experiments 
and clinical obseivations legaldmg dietan deficiencies, the' 
came to the conclusion that "the mtioduction and unneisal 
consimiption of an ideal diet ■would not ensuie abounding 
health, it -would la-v onh one of the foundation stones on 
ivhich such health might be based A multitude of emnon- 
mental factois, including as not the least important, the in¬ 
dividual’s leaction to his fellow membeis m human societv, 
must be m conect adjustment befoie such health can ensue ” 

That diet should be evaluated in a setting of numeious con¬ 
ditions affecting the external and internal enviionment has 
been still moie impiessivelv pointed out bv Kruse 11 A cleai 
distinction is made between "nutution” as a bodilv piocess 
and “diet,” which is defined as a legimen of food supporting 
the bodily piocesses of nutrition At fust this mav appeal 
quite arbitrary, but w r e must lemember that an increase of 
dietary intake is loutmelv piescubed undei such conditions 
°f special stiess as giowth, piegnancv, and haid laboi 

The lecogntion of multiple stiess-pioducmg factois has not 
lemained without impact on the treatment of nututional dis- 
tuibances Jolliffe,® foi instance, states that the successful 
treatment of vitamin deficiencies “miohes treatment, and 
whenever possible, the elimination of the stiess 01 condition¬ 
ing factors It involves svmptomatic tieatment, foi a com¬ 
fortable patient is of great aid to reco-v ei v It finally m\ oh es 
nututional tlieiapv m sufficient amounts o\ei a sufficient 
Penod of time to evoke maximal leveisal of the nutritional 
svndrome ” 

A similai plan foi a unified management of diseases m- 
'olvmg the mucosa of eai and iespirator\ passages has pioved 
'eiT successful duung the past few \ears Wiile a detailed 
report is leseiwed foi a latei communication, a few of the 
undeilying principles will be discussed m the following 

According to Selve 1 * “the pnmarv object of the stiess le- 
action is the maintenance of life and the le-estabhsliment of 
normalcv dui mg and following damage 01 functional activity ” 
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Topical ti eatment, if necessaiy, combined with systemic thei- 
apy will as a lule lesult m lepan of damage to the mucosa 
and i e-establishment of its physiologic functions This con¬ 
stitutes adequate management as long as we consider diseases 
of the mucosa of eai and lespuatoiy passages as meiely in¬ 
cidental, somewhat on the oidei of an unfortunate accident, 
but such a puiely mechanistic view, attributing mucosal dis¬ 
ease entnely to a foreign invader 01 to some kind of extia- 
neous cause is no longei tenable Mucosal disease occuis as 
a lesult of dispioportion between insult and ability to deal 
with it Meiely topical ti eatment, even if combined ivith 
systemic support of local defense, leaves the undeilying con¬ 
dition of failing lesistance unchanged The presenting acute 
illness is actually an exaceibation of a chiomc condition of 
lowered physiologic 1 espouses, and it is due to this weakening 
of natural defenses that stressois which otherwise might have 
lemamed innocuous aie able to pioduce disease 

As long as management is lestricted to dealing with the 
acute episode, the patient is left m the same condition of 
disease pi oneness as befoie—we have mimsteied to disease 
but not to health, thus stress is regarded as an exclusively 
negative factoi, 01 as Whitehom 20 puts it, “stiess has become 
a bad word ” In a provocative papei on “Tile Healthful Bene¬ 
fits of Stress" he lemaiks that “perspectives have become so 
distorted at times that health efforts are aimed too sweep- 
mgly at the elimination of stiess 01 anxiety” This lepie- 
sents the obseivation of a psychiatrist, but Whitehorn’s advice 
that “doctors should think moie discriminatingly about stiess 
applies equally to other blanches of medicine 

What does all this mean in terms of the treatment of pa¬ 
tients with diseases of the mucosa of eai and lespiratory 
passages 9 Chemo- and antibiotic therapy is applied, and pam 
relieving diugs aze administered, but management is not 
limited to these emeigency measuies, and a long-iange Pi°" 
giam to build up the patient's lesistance is immediately in¬ 
itiated Of course, this is not possible m all cases, as many 
patients look upon their doctoi simply as a trouble shooter, 
they take off a few minutes fiom the job, rushing into the 
office and lushing out again, expecting immediate lehef an 
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peihaps a pep talk, but aie not open to furthei advice Mam 
others, howevei, have begun to wondei why they catch cold so 
frequently 01 why they aie botheied by lecurrent attacks of 
eai, nose, and thioat diseases Patients of this type aie not 
satisfied with tempoiary lelief, and expect the physician to do 
something about then disease pi oneness If appioached with 
tact and sympathy they will coopeiate m a long-iange medical 
piogiam Heie the suggestion of a change of diet 01 dietary 
supplementation will fall on fertile soil, and the patient has 
no difficulty m undei standing that such measuies must be 
continued foi some time befoie tangible lesults can be ex¬ 
pected, but to suggest dietary theiapy without having fust 
gained the patient’s confidence will laiely piove successful 

By offenng psychological support and piescubmg dietaiy 
supplementation, an attempt is made to utilize the episode 
of acute disease as a starting point for impioving the natuial 
lesistance of the body 12 At least potentially a new tiend 
has been set up, a spnal towaid health leplacmg the old spnal 
toward disease 

Selye has drawn attention to the fact that any disease is a 
ci isis involving the entile system Still moie fai-leaching 
is his distinction between vanous types of adaptation to 
threatening stimuli Even m adapting to a state of loweied 
resistance the human oigamsm exhibits its fundamental 
tendency towaid self-pieservation The unified appioach to 
theiapy, combining topical, systemic, psychologic and dietary 
management is designed to impiove adaptation to every kmd 
of stimulus, with the ultimate aim of mci easing oveiall fit¬ 
ness 


SUMMARY 

Re-study of clinical and expenmental data in the light of 
Selye’s stiess concept has lesulted m a new plan foi the 
management of mucosal disease, particulaily of eai and res¬ 
piratory passages Multiple stress-pioducmg factois call for 
a unified approach to therapy Topical and systemic medica¬ 
tion is administered to afford immediate relief, but at the 
same time long-term management, combining psychologic 
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support and dietaiy supplementation, is instituted to mciease 
the patient's lesistance to disease 
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Di D E Staunton Wishart died m Toionto in Apul, 1958, 
at the age of 69 He had been m ill-health foi ovei a yeai, but 
cained on his woik until a few months befoie his death 

Di Wishart was the son of Di Gibb Wishart, who was a 
foimer piofessor of otolaryngology in the Univeisity of Toi¬ 
onto, so he was steeped m the tiaditions of medicine and the 
specialty m which he spent his medical caieei Educated at 
St Andrew’s College and the Univeisity of Toionto, he le- 
ceived a B A degree from University College m 1909, and an 
M B from the Faculty of Medicine m 1915 He was an 
honor student throughout his medical school 

During the fust Woild Wai, Di Wishart seived m the 
Canadian Army Medical Coips and tiansfened to the Royal 
Army Medical Coips latei He saw service m Gallipoli, 
Serbia, Macedonia and Palestine and was mentioned m dis¬ 
patches at Salonika m 1917 On letummg fiom oveiseas he 
took up the study of Otolaryngology and did post-giaduate 
work m Boston, Philadelphia and Edmbuigh, and on his ie- 
tum to Toionto was appointed to the staff of the Hospital 
for Sick Childien He became chief of otolaiyngology at the 
hospital and an assistant piofessoi in the University, both of 
which positions he held until his retnement to private piac- 
tice m 1953 He lemamed a giaduate lectuiei m the Uni¬ 
versity 

In 1939 Di Wishart was appointed to the editonal staff 
of The Laryngoscope and was assigned the subject of Rhmol- 
ogy m Childien His annual leviews of the available liteia- 
ture on this subject weie masterpieces He had an uncannv 
ability to get at the gist of a papei, and to covei it buefly, 
but thoroughly, m his Review 

Dr Wishart was a membei of the Amencan Otological 
Society and was one of the few Canadians to become its 
Piesident, which honoi was confened upon him m 1954 
He was a foimei President of the Canadian Otolaryngologies 
Society, a member of the Amencan Laryngologies! Society, 
and the Royal Society of Medicine, London He dehveiea 
the Birkett Lectuie in Montreal, m 1952, an outstanding 
honor m Canadian otolaryngology 



IN MEMORIAM 


1829 


One of Di Wishait’s chief mteiests nas the studv of deaf¬ 
ness, and he did much leseaicli m the pioblems of haid-of- 
heanng childien He founded the Clinic foi the Pievention 
of Deafness, sponsoied by the Atkinson Chantable Foundation 
at the Hospital foi Sick Childien, Toionto 

Di Wishart’s main lecieation mteiests weie tiout fishing 
golf, and his summei home at Geoigian Bay among the 
Thirty Thousand Islands of Ontano He looked foiwaid each 
A ear to his holiday tlieie with Ins family 

He is suivived by Ins wife, two sons and a daughtei 
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ASSOCIACAO MEDICA 00 INSTITUTO PENIDO BURNIER— 

CAMPINAS 

President Dr Antonio Augusto de Almeida 
First Secretary Dr Alberto Galo 
Second Secretary Dr Alfredo Porto 
Librarian Treasurer Dr L de Souza Queiroz 

Editors for the Archives of the Society Dr J Penido Burnier, Dr 
Guedes de Melo Filho and Dr Roberto Franco do Amaral 
Meetings Twice every month, first and third Thursday, S 30 PM 


ASOCIACION DE OTORRINOLARINGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 

Presidente Dr Julio Quevedo, 15 Calle Oriente No 5 
First Vlco-Presidente Dr Hfictor Cruz, 3a Avenida Snr No 72 
Second Vice-Presidente Dr JosS Luis Escamilla, 6a Calle Ponlente 
No 48 

Secretarlo-Tesorero Dr Horace Polanco 13 Calle Ponlente No 9 D 


ASOCIACION DE OTO R/NO LARINGOLOGoa DE BARCELONA, SPAIN 

Presidente Dr J Abello 

Vice-Presidente Dr Luis Sufie Medan 

Secretario Dr Jorge Perellh, 319 Provenza, Barcelona. 

Vice-Secretario Dr A Pinart 

Vocal Dr J M Ferrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch, 1039 No Calvert St, Baltimore, Maryland 
Secretary Treasurer Dr Theodore A Schwartz 


BUENOS AIRES CLUB OTOLARINGOLOGICO 

Presidente Dr K Segre 
Vice-Presidente Dr A. P Belou 
Secretario Dr S A Aranz 
Pro Secretario Dr J M Tato 
Tesorero Dr F Games 
Pro Tesorero Dr J A Bello 


CANADIAN OTOLARYNGOLOGICAL SOCIETY 
SOCIETE CANADIENNE D’OTOLARYNGOLOGIE 

President Dr Robert T Hayes, 42 Cobourg St St John N B 
Secretary Dr Donald M McRae, 324 Spring Garden Rd Halifax, n o 


CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C Otrich, Belleville III 

President Elect Dr Phil R McGrath Peoria Ill 

Secretory Treasurer Dr Alfred G Schultz Jacksonville, Ill 
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CHICAGO LARYNGOLOG1CAL AND OTOLOGICAL SOCIETY 

P HI d6Dt Dr Stanton ^ Friedberg, 122 So Michigan Ave , Chicago " 

Q^ e '^ resl m ent Dr Maurice Snltman, 408 So 5th ATe, Maywood lit 
secretary Treasurer Dr Fletcher Austin, 700 No Michigan Are Chi 
cago 11 , UL 

Meeting First Monday of each Month October through Max 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Grunwald S 
Vice-President Dr Agustln Estartus 
Secretarv Dr Marcos Chaimovich S 
Preasurer Dr Benjamin Kapkan K 
Director Dr Alberto Basterrica A. 


COLORADO OTOLARYNGOLOGY SOCIETY 

President Dr James T Blair Denver Colo 
ice-President Dr James Rigg Grand Junction Colo 
ecretary Dr Will p Pirkev Denier Colo 


DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Ludwig A. Michael, 3707 Gaston Ave Dallas, Tex. 
Vice-President Dr Hal tV Maxwell 

Secretary Treasurer Dr Edward A Newell 1511 No Beckley, Dallas 8 


FEDERACION ARGENTINA, 

DE SOCIEDADES DE OTORRINOLARINGOLOGIA. 

Secretary of the Interior Prof Dr Atilio Yiale del Carril 
secretary of Exterior Dr Aldo G Remorino 
secretary Treasury Prof. Dr Antonio Carrascosa. 

ro-Secretary of the Interior Prof Dr Carlos P Mercandlno 
Pro-Secretary of the Exterior Prof Dr Jaime A. del SeL 
ro Secretary of the Treasury Dr Jorge Zubizarreta. 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M Noubleau San Salavador 
Secretary-Treasurer Dr Hector R. Silva Calle Arce No 84 San Salva 
nor Ei Salvador Central America. 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


! C Grace 145 King St St Augustine Fla 

Secret^ ml! Dr Jos w Tavlor 706 Franklin St Tampa Fla 
Secretary Treasurer Dr Carl S McLemore 1217 Kuhl Ave Orlando 


Fla 
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FOURTH LATIN AMERICAN CONGRESS OF 
OTORINOLARINGOLOGIA 


Piesident Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr William B Steinman 
President Elect Dr James H. Mendel, Jr 
Secretary Treasurer Dr H Carlton Howard 

Meeting quarterly (March, May, October and December), on the second 
Thursday of the month, 6 30 P M at Urmey Hotel, Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 
President Dr Jo Ono, Tokyo, Japan 

Secretary Dr Chevalier L Jackson, 3401 N Broad St, Philadephla 40 
Pa , U S A 
Meeting 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H Steele 
President Elect Dr Dick H. Underwood 

Secretary Dr James T Robison, 4620 J C Nichols Parkway, Kansas 
City, Mo 

Meeting Third Thursday of November, January February and April 


LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Max E Pohlman 
Secretary Treasurer Dr Wendell C Irvine 
Chairman of Ophthalmology Section Dr Carroll A McCoy 
Secretary of Ophthalmology Section Dr Philip D Shanedllng 
Chairman of Otolaryngology Section Dr Robert W Godwin 
Secretary of Otolaryngology Section Dr Francis O'N Morris 
Place Los Angeles County Medical Association Bldg, 1926 WilBiure 
Blvd , Los Angeles, Calif 

Time 6 30 PM last Monday of each month from September to June 
inclusive—Otolaryngology Section 6 30, first Thursday of each mont i 
from September to June Inclusive—Ophthalmology Section 


LOUISIANA-MISSISSIPPI OPHTHALMOLOGICAL 
AND OTOLARYNGOLOGICAL SOCIETY 


President 

Secretary 

Meeting 


Dr Fred D Hollowell Lamar Life Bldg Jackson Miss 
Dr Edlej H Jones, 1301 Washington St Vicksburg Miss 
Edgewater Gulf Hotel Edgewater Park, Miss, Ma> lo-l® 1 
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MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthlv 
Secretary Treasurer Dr Roland H Myers 1720 Exchange Bldg Mem 
phis, Tenn 

Assistant Secretary Treasurer Dr William F Murrah Jr, Exchange 
Bldg, Memphis, Tenn 

Meeting Second Tuesday in each month at S 00 p m at Memphis E\e 
Nose and Throat Hospital 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoide Mexico, D F 
Vice-President Dr M Gonzales Ulloa, Mexico D F 
Secretary Dr Juan De Dios Peza, Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow Princeton, Mo 

Secretary Treasurer Dr Harold Swanberg Quincy Ill 

Assistant Secretary Treasurer Dr Jacob E Reisch Springfield Ill 


NETHERLANDS SOCIETY OF OTORHINOLARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundlge Vereenlglng ) 

President Dr H. Navis Sonsbeekweg 6 Arnhem 

Secretary Dr W H. Struben J J Viottastraat 1 Amsterdam. 

Treasurer Mrs F Velleman Pinto Jac Obrechtstr 66 Amsterdam 


NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele Kinston Clinic Kinston N ^ 
Vice-President Dr George E Bradord Winston Salem N C 
Secretary-Treasurer Dr J D Stratton 1012 Kings Drive Charlotte 7 
N C 
tieetlng 


NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 

President Mr G L Thompson 16 Ramshill Road Scarborough York 
Bhlre 

Vice-President Mr J H Otty, Frizlev Old Hall, Frizlnghall Road 
Bradford Yorkshire 

Secretarv and Treasurer Mr R. Thomas 27 High Petergate lork 
Yorkshire 


OREGON ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr David D DeWeese 1216 S W lamhill SL Portland 6 
Ore 

Secretarv Treasurer Dr Paul B Mvers 223 Medical Dental Bldg 
Portland 5, Ore 

Meeting Fourth Tuesdav of each month from September through Mai 
Henrv Thiele Restaurant, 23rd and W Burnside Portland Ore 
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OTOSCLEROSIS STUDY GROUP 

President Dr L R Boles, University Hospital, Minneapolis, Minn 
Secretary-Treasurer Dr Arthur L Juers, 611 Brown Bldg, Louisville, 
Ky 

Meeting Palmer House, Chicago, Ill 


PACIFIC COAST OTO-OPHTHALMOLOGICAL SOCIETY 

President H. Leroy Goss, M D, 620 Cobb Bldg, Seattle 1, Washington 
Secretary Treasurer Homer E Smith, MD, 508 East South Temple 
Salt Lake City, Utah. 

Meeting 


PAN AMERICAN ASSOCIATION OF OTO-RHINO-LARYNGOLOGY 
AND BRONCHO ESOPHAGOLOGY 

President Dr Paul Holinger, 700 No Michigan Blvd, Chicago, Ill 
Executive Secretary Dr Chevalier L Jackson, 3401 N Broad St, Phila 
delphia 40, Pa , U S A. 

Meeting Seventh Pan American Congress of Oto Rhino Laryngology and 
Broncho Esophagology 
Time and Place Miami, Pla , March 1960 


PHILADELPHIA LARYNGOLOGICAL SOCIETY 

President Dr John J O’Keefe 
Vice-President Dr Joseph P Atkins 
Secretary Dr William A Lell 

Executive Committee Dr Harry P Schenck Dr Benjamin H Shuster 

Dr William A Lell Dr William J Hitschler and Dr Chevalier L 
Jackson 


PITTSBURGH OTOLOGICAL SOCIETY 

President Dr Bernard L Silverblatt, 3500 Fifth Avenue, Pittsburgh, Pa 
Vice-President Dr Emory A Rittenhouse, 203 Masonic Bldg McKees 
port. Pa. 

Secretary Treasurer Dr John T Dickinson, Mercy Hospital, Pittsburgh 
19, Pa 


PORTUGUESE OTORHINOLARYNGOLICAL SOCIETY 

President Dr Albert Luis de Mendonca . 

Secretary Dr Antonio da Costa Quinta, Avenida, de Liberdale 6b l 
Lisbon 


PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Clifton E Benson, Bremerton, Wash. 
President-Elect Dr Carl D F Jensen Seattle Wash 
Secretary Dr Willard F Goff 1215 Fourth Ave Seattle Wash 
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RESEARCH STUDY CLUB OF LOS ANGELES, INC 

Chairman Dr Orrie E Ghrist, 210 N Central Are Glendale, Calif 
Treasurer Dr Norman Jesberg, 600 So Lucas Ave , Los Angeles 17, Calif 
Otolaryngology Dr Russell M Decker, 65 N Madison Ave , Pasadena 
1 Calif 

Ophthalmology Dr Warren A. Wilson, 1930 Wllshire Blvd, Los An 
geles 67, Calif 

Mid Winter Clinical Convention annually the last two weeks in January 
at Los Angeles Calif 


SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA 

Chairman Dr J L, Levine 
Vice-Chairman Dr RHssell Page. 

Secretary Dr James J McFarland 
Treasurer Dr Edward M O'Brien 

Meetings are held the second Tuesday of September November January 
March and May, at 6 30 PM. 

Place Army and Navy Club, Washington D C 


SCOTTISH OTOLARYNGOLOGICAL SOCIETY 

President Dr F T Land 13 Newton Place Glasgow, C 3 
Secretary Treasurer Dr J F Blrrell 14 Moray Place Edinburgh 
Assistant Secretary Dr H D Brown Kelly, 11 Sandyford Place, Glas 

gow C 3 

SOC1EDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLARINGOLOGIA (BOGOTA, COLUMBIA) 

Presidents Dr Alfonso Tribin P 
Secretario Dr Felix E Lozano 
Tesorero Dr Mario Arenas A 


SOCIEDAD CUBANA DE OTO LARINGOLOGIA 

President Dr Reinaldo de Villiers 
Vice-President Dr Jorge de C6rdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA 

Presidents Dr Frank Canosa Lorenzo 
Vice-Presidente Dr Julio Sanguily 
Secretario Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 

SOCIEDAD DE OTORRINOLARINGOLOGIA Y 
BRONCOESOFAGOSCOPIA DE CORDOBA 

Presidente Dr Aldo Remorino 
Vice-Presidente Dr Luis E Olsen 
Secretario Dr Eugenio Romero Diaz 
Tesorero Dr Juan Manuel Pradales 

Vocales Dr Osvaldo Sufirer Dr Nondier Asis R Dr Jorge Bergallo 
Yofre 


1837 



SOCIEDAD DE OTO R1NO LARINGOLOGIA, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Salvador Mixco Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M 


SOCIEDAD ESPANOLA DE OTORRINOLARINGOLOGIA 

Presidente Dr D Adolfo Hinojar Pons 
Vice-Presidente Dr D Jose Perez Mateos 
Secretario General Dr D Francisco Marafifis 
Tesorero Dr D Ernesto Alonso Ferrer 


SOCIEDAD MEXICANA DE OTCRRI NOLARI NGOLOGIA 
Monterrey 47-201 
Mexico 7, D F 

President Dr Rafael Giorgana 
Secretary Dr Carlos Valenzuela 
Treasurer Dr Benito Madariaga 
First Vocal Dr Rafael GonzfLlez 
Second Vocal Dr Juan Oberhauser 


SOCIEDAD NACIONAL DE CIRUGIA OF CUBA 

Presidente Dr Reinaldo de Villers 

Vice-Presidente Dr Cdsar Cabrera Calderin 

Secretario Dr Jos6 Xlrau 

Tesorero Dr Alfredo M Petit 

Vocal Dr Jos6 Gross 

Vocal Dr Pedro Hemfindez Gonzalo 

SOCIEDAD OTO RINO LARINGOLOGIA DE LOS 
HOSPITALES DE MADRID 

Presidente Dr Don Fernando Beltrfln Castillo 
Secretario General Dr Don Alfonso Vassallo de Mumbert 
Tesorero Dr Don Rafael Garcia Tapia 

SOCIEDAD VENEZOLANA DE OTORRI NOLARI NGOLOGIA 

Presidente Dr Gabriel Brlceno Romero 
Vice-Presidente Dr Silvestre Rincdn Fuenmayor 
Secretario General Dr Oscar Bustamante Miranda 
Tesorero Dr Arturo Marrero Gdmez 

Vocales Dr Miguel Octavio Russa Dr Benjamin Bricefio Oscar Oon 
zalez Castillo 

SOCIEDADE DE OFTALMOLOGIA E OTORRI NOLARI NGOLOGIA DO 
RIO GRANDE DO SUL 

President Dr Paulo Fernando Esteves 

Vice-President Dr Jayme Schilling 
First Secretary Dr Carlos Buede 
Second Secretary Dr MoizSs Sabani 
First Treasurer Dr Israel Scherman 
Second Treasurer Dr Rivad&via C Meyer 
Librarian Dr Carlos M Carrion 
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SOCIEDAD PANAMENA DE OTORRINOLARINGOLOGIA 

Presidente Dr Manuel Preciado 

First Vice Presidente Dr Alonso Rov 

Second Vice-Presidente Dr Carlos Arango Carbone 

Secretario Dr Marla Esther Villalaz 

Tesorero Dr Rambn Crespo 

SOCIEDADE PORTUGUESA DE OTORRINOLARINGOLOGIA 

E DE 

BRONCO-ESOFAGOLOGIA 

Presidente Dr Alberto Luis De Mendonca. 

Vice-Presidente Dr Jaime de Magalhaes 

1 ° Secretario Dr Antonio da Costa Quinta. 

2 • Secretario Dr Albano Coelho 

Tesoureiro Dr Jose Antonio de Campos Henriques 
Vogais Dr Teofilo Esquivel 

Dr Antonio Cancela de Amorim. 

Sede Avenida da Liberdade G5 1° Lisboa. 

SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President LL Col Stanle\ H Bear USAF (MC) USAF Hospital Max 
well (Air University) Maxwell Air Force Base Ala 
Secretary Treasurer CapL Maurice Schiff MC USN U S Naval Hos 
pital Oakland Calif 

Meeting October 14, 1958, Palmer House Chicago Ill 

SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette Orangeburg, S C 
Vice-President Dr Robert P Jeanes, Easley S C 
Secretary Treasurer Dr Roderick Macdonald 333 East Main St Rock 
Hill S Car 
Meeting 


SOUTHERN MEDICAL ASSOCIATION, 

SECTION ON OPHTHALMOLOGY AND OTOLARYNGOLOGY 

Chairman Dr V Eugene Holcombe Charleston W Va. 

Chairman Elect Dr G Slaughter Fitz Hugh Charlottesville 1 a. 

Vice-Chairman Dr George M HaiK New Orleans La 
Secretary Dr Mercer G Lynch New Orleans La 

VIRGINIA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Benjamin Sheppard 301 Medical Arts Building Rich 
mond Virginia. 

President Elect Dr Emanuel U WaUerstein, Professional Building 
Richmond Virginia 

Vice-President Dr Calvin T Burton Medical Arts Building Roanoke 
Virginia 

Secretary Treasurer Dr Maynard P Smith 600 Professional Building, 
Richmond Virginia. 

Meeting 

WEST VIRGINIA ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James K Stewart, "Wheeling W Va. 

Secretary-Treasurer Dr Frederick C Reel Charleston W Va. 

Annual Meeting 
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NOTICE TO CONTRIBUTORS 


The Laryngoscope reserves the right of exclusive publication 
of all articles submitted This does not preclude their publication 
m Transactions of various Societies 

Manuscripts should be typewritten, double spaced, on one side 
of paper only and with sufficient margins to allow for corrections 

Author’s name and city should appear directly under title on 
first page, street address at end of article 


All prints or photographs to be submitted in black and white, 
in good sharp contrast Good halftones depend upon clear photo¬ 
graphs Line drawings for zincs to be in black and white Colored 
inks 01 red or blue quadrille rulings will not reproduce 


References should be complete author’s surname, initials, 
title of article, Journal, volume, page, month, year 


Six illustrations will be furnished for each article without cost 
to authoi Authors will please limit illustrations to six or assume 
the expense of additional illustrations 

Proofs will be submitted to authors for corrections If these 
are not returned, articles will be published as corrected m this 
office 


Reprints will be furnished at the following prices 
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LARYNGOSCOPE. 


VOL LXVIII NOVEMBER, 1958 No 11 


REVIEW OF AVAILABLE LITERATURE ON THE 
LARYNX FOR 1957 * 

Francis E LeJeune, M D , 
and 

Mercer Linch, M D , 

New Oi leans, La 

ANATOMY 

Pichlei and Gisel, 1 who woiked on 100 dissections with a 
dissecting microscope, caution against accepting the piesence 
of an extialarvngeal motoi lamus postenoi to the lecunent 
neive They obseived that this blanch supplied the mucosa 
and anastomosed with the postenoi segment of the supenoi 
laryngeal neive In then dissections the main nerve branched 
endolaiyngeally, and a definite abductoi and adductoi bianch 
could not be demonstiated These obsei vations do not coincide 
with those of King and Giegg, Rustad oi Moins and, theie- 
foie, piesent food for thought, as any definite conclusion at 
this time would be piematuie 

In a study of the lecunent larvngeal neive m cats, Mull ay 2 
noted that the neive supplvmg the mtnnsic muscles of the 
larynx in these animals has a unimodal fibei-sized distribu¬ 
tion He was also able to show that theie aie few oi no pio- 
pnoceptoi fibeis m this neive Piobablv one of Ins most 
mteiestmg obsei vations is that m the lecunent laryngeal 
neiwe theie is a vanable numbei of fibeis of e\tia\agal ongm 

♦From the Department of Otorhinolnr\ ngologry Ochsner Clinic New Or¬ 
leans La 

Editors Note This manuscript receUed in The Lar\ nposcope Office and 
accepted for publication SepL 25 195S 
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Capaiosa and Zavatsky 3 desenbe the anatomy of the cnco- 
thyioid space, emphasizing the paucity of vessels and vital 
stiuctuies They lecommend this space as a site foi emei- 
gency tiacheotomy m the full sense of the woid emeigency 
Whenevei possible, this pioceduie should be followed by the 
classical tiacheotomy within eight to ten houis to pi event 
development of stenosis Complications aie listed, and steps 
to pi event these aie descubed 

Cladei and co-authois J lealized that a detailed knowledge 
of the suigical anatomy of the supenoi and mfeiioi laryngeal 
neives and then conespondmg thyioid artei les is essential 
foi suigeons who undertake suigical pioceduies upon the 
thyioid gland Foi this leason, they undertook to dissect, 
study and photogiaph the thyioid compartment of the anteiioi 
portion of the neck of 50 lecently embalmed bodies Then 
findings aie well tabulated, and the photogiaphs cleaily show 
the vanations of the mfenor laiyngeal neive, which m one 
case, divided into six blanches Foity-thiee pei cent of the 
specimens m this senes had neives with fiom two to six 
extia laiyngeal blanches Then conclusions pointed out that 
external division of the supenoi laiyngeal neive is often in 
dangei dunng ligation of the supenoi thyioid aiteiy Theie 
is no constant lelationship between the mfenoi thyioid artery 
and the mfenoi laiyngeal neive This is an excellent article 
foi quick leview befoie thyioid suigeiy 

Giegg 5 undeitook a study of the extialaiyngeal neives foi 
the puipose of facilitating lecogmtion of these stiuctuies 
when doing thyioid suigeiy Some of the types of vocal 
coid paialysis pioduced m dogs help us to undei stand what 
may occui m patients undei going tbyioidectomy Giegg 
advocates loutme dissection of the lecunent laiyngeal neive 
m all thyioidectomies Injuiy to the extialaiyngeal neives 
with lesultmg paialysis may be tempoiary 01 peimanent de¬ 
pending upon factois as yet not explained 

Negus, 0 m his inimitable and thoiough way piesents an 
intei estmg and enlightening ai tide dealing with the lnstoiy 
of man fiom the standpoint of the nose and larynx The ease 
of his style and the mannei of wilting belie the vast amount 
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of woik and energy lepiesented m this concise article Foi 
one who is mteiested m leseaich 01 as a lefeience article this 
concise manuscupt is invaluable 


PHI SIOLOGY 

The Semon lectuie on the phisiology of phonation vas de- 
liveied m 1956 by Poitmann' In this interesting lectuie 
Portniann discusses at length tlie mvo-elastic, 01 tonic theoiv, 
and the clonic theorv, howevei, theie is little unanimity of 
acceptance of eithei theoiy Those mteiested m this su jec 
should lead his article, uluch also gives much consideration 
to the thiee levels of stimulation the cortex, the diencephalon 
and the medulla oblongata 

In 01 dei to test a hvpothesis on the oiigrn of the vibiations 
of the vocal folds Van Den Beig and Spoort made som ® 
simultaneous lecoi dings on the electi omyogram o ie ^yi 0 
arrtenoideus muscle and the sound curve in a patien u io iac 
a stoma just above the larynx and whose laryngeal muscles 
piesented themselves dnectly Electiodes ueie pace , one 
m the thyi o-arytenoideus muscle and the othei neai ie 
arvtenoid * The vibiations ueie in agieement with the lesu 
noted bv Tiendelenbuig and Wullstem Van Den Beig and 
Spool state that the microphomc effect of the larynx wi 
manifest itself m all the recoi dings of the potentials o 
laige legion of the internal laiyngeal muscles le'v e ie 
that this is the explanation foi the synchronism claimed be¬ 
tween the potentials m the lecunent nene and the soun 
pattern 

In his usual intei estmg, thoiough mannei Negus” piesents 
a comprehensive article on the mechanism of tie ar\nx 
v Inch leai es little to be desned He begins with the evolution 
of the larvnx fiom the simple \ ertebrates to man In coiei- 
mg the phase of evolution, he descnbes the phvsiologi and 
anatomi of vanous tvpes of animals One of the mipoi an 
functions of the larvnx, little considered, is the assistance m 
blood and circulation by pump action The othei functions 
of the larvnx aie fulh discussed It is concluded that p lona 
tion was de\ eloped secondanlv Negus emphasizes the pom 



1844 


LE JEUNE & LYNCH LARYNX 


that when dealing with the pioduction of sound, the laiynx 
of man follows the geneial physiologic pi maples applicable 
to othei vertebiates and is not subject to mechanisms of puiely 
human design 

In a discussion of the theory of the natuie of the vibrations 
of the vocal colds, Fioeschels 10 states that until lecently it 
was almost the general opinion that the vibiations of the 
vocal coids aie initiated by the stieam of an and that the 
swing back is due to the elasticity of the coids The function 
of the lecunent neives was consideied to be the inneivation 
of the muscles that open and close the glottis The eiamal 
blanch of the pneumogastnc nerve, according to the theory, 
mneivates the cucothyroid muscle, thus helping to elongate 
the vocal cords This is called the myo-elastic 01 aei odynamic- 
musculai theoiy Husson’s neuiomusculai theoiy is new, 
accoidmg to it eveiy vocal vibiation is due to a single im¬ 
pulse fiom the lecuirent neive and not to an pressuie This 
function of the lecunent neive is fiom cential stimulation 
with acoustic center legulatmg the pitch Fioeschels ques¬ 
tions Husson’s theoiy, pointing out that many patients with 
bilateial abductoi paralysis have excellent voices In some 
of these the 1 ecuiient nerve had been accidentally seveied 
during opeiation Froeschels has been unable to accept the 
facts as descnbed in the Husson theoiy, but he believes that 
this inteiestmg theoiy should be studied fuithei befoie it 
can be fully accepted 

Floyd and co-woikers 11 lepoit then observations on numei- 
ous expeiiments on the mechanism of phonation Theie aie 
two mam theones the tonic and the clonic, and the advocates 
of each aie staunch believeis in the validity of then theory 
Floyd and associates descnbe the action of the mtnnsic 
muscles of the laiynx on the function of the vocal coids They 
conclude that they do not agiee that clonic contraction of the 
mtnnsic muscles of the laiynx is possible at lates above HO 
C/S, and m consequence they give then full suppoit to the 
oldei tonic theory 

Van den Beig 12 leports that Piquet and associates took some 
high-speed motion pictuies of the vibiations of the vocal folds 
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dui mg total laiyngectomy without an an stieam tlnough 
the glottis Ceitam obseivations weie lecoided pertinent 
to the cause of vibiations of the vocal cords Then conclu¬ 
sions play a lole in the cuilent discussion of the myo-elastic 
and neuio-ehionaxic theones of voice pioduetion Van den 
Beig discusses these at length and believes that Piquet and 
associates’ attempts to pi event a flow of an tlnough the 
glottis weie unsucessful 

ABNORMALITIES 

Alonso and Regules 13 descube a simple pioceduie foi treat¬ 
ment of congenital and cicatucial webs m the antenoi portion 
of the larynx in childien and adults They buefly leview the 
methods now being used foi amehoiation or conection of the 
existing conditions and then descube then method, which 
consists of removing the web tlnough a laryngoscope and 
then placing a thm polyethylene semi-cnculai plate with 
nvlon thiead attached to the stiaight edge of the plate The 
two ends of the nylon thiead aie introduced tlnough the 
mouth into the larynx and biought out tlnough the thyiohyoid 
and cucothyioid membianes, by this means the polyethylene 
plate is placed in the antenoi portion of the larynx This 
plate is held m place by tying the nylon thiead ovei lubbei 
tubing The authois used this pioceduie only one year and, 
theiefoie, they have not peifoimed it on many patients The 
pioceduie has much merit and will be used bv many laryn¬ 
gologists m the due course of time 

Respnatory distiess m dogs mav lesult fiom a numbei of 
causes Leonaid 11 leports five cases of eversion of the lateral 
ventricles of the laiynx lesponsible foi lespnatoiy distress 
In thiee of these dogs the piotiudmg ventncles weie removed 
with a tonsil snare All lecoveied and weie fiee fiom lespna- 
tory distiess 


DIAGNOSIS 

In an article on the ladiologic investigation of diseases of 
the eai, nose and tin oat, Samuel 1 "' states that ladiologic ex¬ 
amination of the laiynx cannot be legalded as complete un- 
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til the ceivical esophagus has been filled with banum and its 
outlines demonstiated He descnbes the technique used in 
obtaining these ladiogiaphs and extols the ments of films of 
good quality Malignant giowths of the laiynx will obhteiate 
noimal woi kings The lateial view is of gieat value m 
assessing subglottic extension of such neoplasms 

Pnozok and associates' 15 piopose a method foi lapid histo¬ 
logic diagnosis of infectious avian laiyngotiacheitis All 
agiee that this infection is highly contagious and fatal Gioss 
pathologic examination usually yields inconclusive lesults and 
othei diagnostic methods aie time-consuming The method of 
obtaining lehable histologic sections mounted on slides de- 
scubed by Pnozok and associates lequnes tluee liouis They 
use Caibowax w ® as an embedding medium foi sectioning 
tiacheas m the diffeiential diagnosis of laiyngotiacheitis 

Poweis and co-woikeis 17 piesent the lesults of then ana¬ 
tomic study of the laiynx m winch they used a contiast 
medium to obtain ladiogiaphs Expenments pioved that use 
of Dionosil,® mtioduced slowly into the hypophaiynx and 
laiynx aftei topical anesthetization, offeied the best lesults 
foi intei pi etation of existing disease, and functional and 
anatomic abnoimahties 


INSTRUMENTS 


Mai tin 18 piesents a new type of phaiyngolaiyngoscope with 
a wide pioximal end tapeung to the distal end and containing 
an electnc bulb foi piopei illumination The wide pioximal 
end peimits bmoculai vision of the base of the tongue and 
vocal coids Theie aie thiee sets of tapeied tubes that fit on 
one handle The mstiument is best employed with use of a 
geneial anesthetic, as Mai tin says it is not always piactical 
to use a topical anesthetic 


Pitman 10 piesents a new mstiument foi examination of the 
laiynx of patients having extiemely sensitive thioats and 
anatomic difficulties This mstiument, modeled aftei the 
pattern of a nasophaiyngoscope, is called by Pitman a naso- 
Imyngoscope It is mtioduced thiough one nostnl aftei 
piopei cocainization of the nose, by means of piopei lenses, 
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prisms and light, it is possible to obtain a view of the laiynx 
when the tip of the instillment is placed thiough the nostnl 
into the nasophaiynx, and the illumination is dnected dowm- 
waid foi visualization of the larynx 

The tubulai portion of the Jackson laiyngoscope has been 
modified by Hembeig,- 0 so that it is no longei a closed tube 
as m Jackson’s instalment The modification consists of an 
opening about one-half inch wide along the tubulai wall wheie- 
bv such things as instruments and suction tubes may leadily 
be passed in 01 out of the laiyngoscope 

DISEASES 

In an excellent article, Jones and Camps- 1 report results of 
a study of 29 cases of acute epiglottitis The clinical pictuie 
is well described The diagnosis is suspected bv recognition 
of uppei lespnatoiy obstruction and is confirmed by the 
appearance of the epiglottis Eaily recognition and immediate 
hospitalization aie most impoitant The treatment “pai ex¬ 
cellence” is tracheotomy The specific infecting organism m 
then patients was the hemophilus influenza. Type B, which 
responded favoiably to tieatment with chlortetiacjclme, the 
diug of choice foi this condition 

In a bnef, unmfoimative article Chra" leports a case of a 
patient having two diseases simultaneously He believed that 
the patient suffeied fiom tubeiculosis of the ceivical glands 
and larynx, and fiom an osteogenic saicoma of the tibia with 
a secondary deposit m the first nb 

Hembeig 13 states that manv changes m the concept of laryn¬ 
geal obstruction m childien have occuned duung the past 
three decades The medical piofession has lealized that in¬ 
fections othei than diphtheria can cause obstruction of the 
aim ay Chemotherapy and the antibiotics have resulted in 
management of these cases bj the family phvsician or pedia¬ 
trician, howevei, when the laryngitis becomes obstructive, 
the laivngologist is called Hembeig pleads foi eailv team- 
woik to pi event anoxia and toxemia He discusses the 
^rious causes of laivngeal obstiuctiton and outlines the 
theiapv 
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Contact ulcei has been attributed to excessive use of the 
voice and exposuie to irritants Ulcers due to emotional 
stiam have been leported Rubenstem- 4 piesents such a case 
of an ulcer that persisted foi many yeais despite all methods 
of surgical and medical tieatment Finally, the conditions 
pioducmg the seveie emotional stiam weie lemoved, and 
immediately the ulcei healed spontaneously 

In a brief but interesting aiticle Peaison 23 describes a case 
of rheumatoid arthritis of the larynx m a 61-yeai-old man 
who had had lheumatoid arthntis for moie than 30 yeais 
Dyspnea, due to limited abduction on lespiration, developed 
necessitating tracheotomy Death was due to lespnatory in¬ 
fection and consolidation Histologic sections of the larynx 
showed changes in the cuco-aiytenoid joints chaiacteiistic 
of lheumatoid aithutis If laiyngeal stridoi occurs m a case 
of lheumatoid arthritis, the most likely cause is involvement 
of the cnco-arytenoid joints by the pathologic piocess 

In discussing rheumatoid arthritis of the crico-aiytenoid 
joints, Copeman 20 states that it is stiange that no article m 
the English language appeals to have been wntten on this 
subject He describes the cnco-aiytenoid joints m minute 
detail The outstanding symptom besides partial 01 total 
ankylosis of the joint is local tenderness on pressure ovei the 
larynx between the thyroid and cricoid cartilages laterally 01 
centrally Copeman lepoits m detail thiee cases of lheu¬ 
matoid arthntis of the larynx He states that the differential 
diagnosis m these types of cases appears to lie only between 
lheumatoid arthritis involving the crico-arytenoid joints and 
paralysis of the recuirent laryngeal nerves 

Bakei and Bywateis 2 ‘ leport a case of laiyngeal stridoi m 
lheumatoid arthritis due to involvement of the cnco-arytenoid 
joint Classical lheumatoid aithntis had exisited foi foui 
years Dyspnea and dysphagia gradually developed The left 
cord became fixed m a position of adduction and the light cold 
showed piogiessive loss of abduction The patient responded 
favoiably to Cortisone theiapy The authois stated that in 
letiospect the laiyngeal pictuie lesembled that of bilateral 
abductoi paialysis 



LE JEUNE <L L\ NCH LAK\N\ 


1849 


Munoz MacCoimick-' discusses the thiee distinct tjpes ot 
leprosy, namely, the lepiomatous, the tubeiculoid and the m- 
deteimmate fiom the standpoint of pathology and clinical 
manifestations Lesions m\ol\e the mucous membianes, espe¬ 
cially the nose, m 90 per cent of cases In the lepromatous 
01 malignant tvpe, the larynx is involved m 28 pei cent of 
cases The laivngeal pathology is discussed, and the diffei- 
ential diagnosis between this disease, tubeiculosis and svphihs 
is discussed Lastly, the known tieatment is buefly con- 
sideied with emphasis on investigator e studies of diugs like 
lsomcotimc acid and corticoti opm This is a most intei estmg 
and thoiough discussion of this seldom seen disease m tins 
country 

Obiegon 211 lemmds us that pemphigns of the laivnx, al¬ 
though laie, is of gieat importance to the lai yngologist, be¬ 
cause the larynx mar 1 " be the fust site of the disease He 
consideis foui mam types fohaceus, eiythematosus, vegetans 
and vulgaris He concludes that pemphigus vulgaris is the 
tvpe most fiequentlv found m the larynx and leports two 
such cases Use of the Tzanck oi Canthandes tests confirmed 
the diagnosis Corticostei oid theiapy gare excellent lesults 
m both cases 

Coleman 30 calls attention to the fact that appaiently benign 
dysphagia associated with chiomc hypochromic anemia m 
what is commonly known as the Plummei-Vinson svndiome 
must be legalded as a precancelous state, as it maj progiess 
to post-cricoid caicmoma The syndiome is almost exclusn eh 
confmed to women Coleman leports the unusual case of a 
man m whom hypochromic anemia developed aftei partial 
gastrectomy The syndrome piogressed to post-cricoid caici- 
noma, which is fan ly common m w omen but hitherto un- 
recoided m a man 

In a most mtei estmg article Silcox 31 descnbes the powerful 
effect of corticosteroids in otolaryngological conditions Its 
anti-inflammatoiy action is fully discussed as well as its action 
on connective tissue permeability Use of corticostei oids foi 
bnef periods is reported as beneficial in acute edema of the 
larynx, contact ulcers and laryngeal polyps Silcox sti esses 
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the fact that corticosteioid theiapy alone is nevei cuiative 
and always potentially dangeious 

DIVERTICULA 

Accoidmg to Walls,’ 2 the diagnosis of laiyngocele piesents 
no difficulty piovided the condition is kept m mind, since the 
lesion is laie The vanous types of laiyngocele aie descubed 
The symptoms will depend upon the extent of development 
and the location of the dilatation Usually the tumoi enlaiges 
when the mtiaglottic an piessuie 2 s mci eased Walls lepoits 
a case of bilateral laiyngoceles of consideiable size which 
weie suigically lemoved with excellent lesults In his bibli- 
ogiaphy Walls fails to mention Felix LeBoigne of Montevideo, 
who piesents many loentgenogiams of laiyngoceles m his 
excellent book on ladiogiaphy of the laiynx 

Kodicek 33 reports a case of bilateial external laiyngoceles 
m a man 77 yeais of age who had been blown up by a shell 
duung the fust Woild Wai His voice was extiemely hoaise, 
and the laige bilateral swelling m his neck was a souice of 
much mteiest to his filends Palpation of the neck dining 
quiet lespnation levealed no abnoimality When he was 
asked to phonate, an ail-filled cyst appealed on each side 
of his neck m fiont of the stemocleido-mastoid muscle and 
extended fiom just below the angle of the lowei jaw to about 
the level of the cucoid Kodicek desciibes thiee types of 
laiyngocele and piesents a diagiam outlining these cysts 
He points out that these cysts of the laiyngeal ventucle and 
saccule show gieat similanty to the ventuculai an sacs 
piesent m some monkeys and apes 

Puce and associates 34 leview buefly the eaily history of 
laiyngoceles and the anatomy of tins legion The etiology, 
diagnosis and complications aie discussed buefly, and the 
suigical technique foi extupation of a laiyngocele is descubed 
m detail Two cases of successful opeiation aie lepoited 

PARALYSIS 

Sometimes in hemipaialysis of the vocal cold an extieme 
lateial position of the cold is assumed Goodyeai and Hogg 3 
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transplanted a section of cartilage fiom the supeuoi boidei 
of the thyioid cartilage to conect tins condition This was 
inserted the length of the cold aftei the cold had been elevated 
following thyiotomv When the patient w as seen 21 davs 
latei, hex voice was satisfaetoiv and she was to ietum to woik 
as a telephone opeiatoi the next dav 

Reaves 30 states that the mam factoi m the diffeiential 
diagnosis of bilateial abductoi paiahsis of the larvnx and 
bilateral cnco-arvtenoid ankvlosis is the fact that miiroi 
larvngoscopv shows typical bowing of the antenoi two-thirds 
of the coids on mspnation The basic facts to be kept in 
mind aie that m one tlieie is permanent loss of muscle 
function, and in the otliei the laiyngeal muscles aie tem- 
poiaiily impaned m their action owing to immobile ai vtenoids 
Reaves advocates bilateial arvtenoidectomv foi collection of 
bilateral cnco-arvtenoid ankvlosis 

Neurologic complications have been descubed after injec¬ 
tions of such antisera as tetanus, gas gangrene, diphthena, 
pneumococcus, streptococcus, tvphoid and labies The site of 
injection appeals to be unimportant Radiculitis affecting 
the fifth and sixth cervical loots is the most common anatomic 
site of neuiologic complications of piophvlactic inoculations 
Bauei and Ellis 3 ' leport a most intei estmg case m which a 
31-year-old man leceived antitetanus seium into the light arm 
because of a cut on a fmgei One week latei development of 
neuiologic symptoms necessitated hospitalization Latei pa- 
lalysis of the right vocal cord developed, but four months 
later it spontaneouslv subsided Bauer and Ellis concluded 
that the paralvsis of the recunent laryngeal nerve was un- 
doubtedlv a part of a generalized disease, and thev express 
the hope that foi pievention of tetanus, active immunization 
m the form of toxoid be used m pieference to passive im¬ 
munization bv antitoxin, as it is less likelv to cause neuiologic 
complications 

In a most excellent, interesting article Arnold 3 ' piesents 
the current concept of laryngeal paialvsis He piefaces his 
paper with the statement that whereas the advent of new 
drugs or bactenologic advances have radicallv altered most 
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aspects of medical piactice, the pioblems of noimal and dis¬ 
eased laiyngeal mneivation lemain the same Arnold at¬ 
tempts to define the majoi pioblems of laiyngeal paialysis 
by analyzing the lepiesentative bibhogiaphy from the follow¬ 
ing viewpoints value of animal expenments, chionologic 
changes m the concepts of laiyngeal disease, discussion of 
cential pathways and the penpheial couise of the laiyngeal 
neives, vai lability of teimmal lamification of the lecuuent 
neives and the piesent intei pi etation of the position of the 
paialyzed coids Semon’s law is discussed at gieat length, 
and numeious opinions aie quoted The conclusion leached 
is that Semon’s lule of the gieatei vulnei ability of the ab- 
ductoi fibeis lepiesents a clinical obseivation that signifies 
eithei an incipient sign of a progiessive lesion 01 a teimmal 
sign of subsiding paialysis 

Melampi™ piesents a bnef leview of the occunence of laiyn- 
goplegias in pseudobulbai paialysis, labioglossophaiyngeal 
paialysis, multiple scleiosis, syimgomyeha and tabes doisahs 
obseived between 1942 and 1956 On the basis of his peisonal 
findings and those of the leviewed liteiatuie the fiequency 
of laiyngopaialysis m the diseases mentioned appeals un- 
vaned with the exception of tabes doisahs, which has shown 
a progiessive leduction m incidence This may be the lesult 
of moie efficient social piophylaxis, paiticulaily mtioduction 
of the lecently discoveied tieatments 

Thoinelh 0 states that paialysis of the vocal coids may le¬ 
sult fiom a vanety of causes The most fiequent cause of 
bilateial paialysis of the vocal cold is injuiy to the lecuuent 
laiyngeal neives duimg thyioidectomy Bilateial paialysis 
m which the vocal coids aie fixed m the median line is an 
extiemely cutical condition Emeigency tiacheotomy is usual¬ 
ly necessaiy because the an way is inadequate In older to 
cieate an adequate anway Thoinell devised mtialaryngeal 
aiytenoidectomy, which is peifoimed with the aid of the 
Lynch suspension laiyngoscope This ingenious pioceduie 
piovides satisfactoiy lesults m the majonty of cases We 
thoioughly concui m Thomell’s waining against laceration 
of the mucous membiane on the medial aspect of the cartilage, 
as this will nullify the attempt to mciease the glottic space 
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The findings of unilateial lecunent laryngeal nerve pa- 
lahsis m an infant 11 months old aioused consideiable 
mteiest, and because of its rantv, Ross and Chambeis 41 
leport the case Two weeks befoie admission to the hospital 
the child ci led with a hoaise voice Lai vngoscopic examina¬ 
tion levealed abduction paialvsis of the light vocal coid No 
cause for the paralysis could be found at the time Two 
months latei the condition became voise and bilateial papil¬ 
ledema developed At neciopsv a tumor of the light side of 
the pons and medulla was found 

Asherson 41 informs us that achalasia of the ci icopharyngeus 
mvanably accompanies bilateial lecunent laiyngeal nerve 
paialvsis In six of eight cases leported, some obstiuetion to 
sv allowing of fluids could be demonstrated clinically In 
this foim of achalasia theie is little 01 no obstiuetion m 
swallowing solids Asheison lepoits a case of achalasia of 
the ci icopharyngeus developing aftei bilateial abductor pa¬ 
ralysis caused by bronchogenic caicmoma 

Occuirence of postopeiative laryngeal paralysis does not 
necessanly imply that the 1 ecuiient laryngeal nerve has been 
seveied Ross and Sukis 43 caiefully explain that theie aie 
many othei causes foi laiyngeal paralysis and dysfunction, 
which are discussed m tins excellent article The anatomy 
and vanations of the lecunent neive and its blanches aie 
'vvell desenbed The supenoi laryngeal nerve and its two 
blanches aie pione to mjuiv m certain surgical pioceduies 
The importance of pieopeiative examination of candidates 
foi thyioidectomy is stiessed and repeated postopeiative ex¬ 
aminations aie necessary because of the amazing changes 
that occasionally occui in the larynx When paialjsis is 
unilateial, the patient can be encouraged bv assurance that 
one-half of these paialvses aie tiansient 


STENOSIS 

Tschiassnv 44 discusses the vanous experiments pioducmg 
laryngeal stenosis by bilateral division of the lecunent nerve 
with lelief by mactivation of the cricothyroid muscle The 
expei iments veie conducted on animals and later on man 
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with identical lesults These lesults bi ought foith a vigoious 
discussion lelative to the validity of Sewon’s law, and much 
consideration is given to this pioblem Factois lesponsible 
foi the cadavenc position of the vocal coids aie considered, 
and lesults obtained by neuiotomy of the supenoi and mfeiioi 
laryngeal neives aie lepoited Supenoi laiyngeal neuiectomy 
lesulted in the vocal cold’s assuming the cadavenc position 
with a good ail way In an extensive and interesting discus¬ 
sion Tschiassny piesents factois lesponsible foi failuie and 
success of cnco-aiytenoid elimination and dwells at length 
on the mechanism lesponsible foi opening the glottis as well 
as factois inteifenng with this opening He concludes that 
cncothyioid elimination cannot leplace modem and the moie 
complex methods of aiytenoidectomy, lateiopexy, 01 both, but 
that this technique may be used advantageously when le- 
stiicted to its own temtoiy 

Milne 45 leports that mtioduction of an intubation tube 
into a patient’s laiynx foi induction of anesthesia pioduced 
sufficient nutation m the subglottic legion at the level of the 
cucoid cartilage eventually to cause dyspnea It is supposed 
that in this patient theie occuned giadual development of 
stenosis at the level of the cucoid cartilage as a lesult of 
chionic but not pionounced inflammation, and passage of the 
tube pioduced acute exaceibation of the condition with nai- 
1 owing of the lumen Thei e is nothing m this 1 epoi t, howevei, 
to substantiate this supposition The stenosis was collected 
by laiyngofissuie and Thiel sch giaft 

SURGERY 

In a unique article Bofenkampf 10 descnbes a relatively 
simple collective opeiation foi lehef of aphagia aftei polio¬ 
myelitis The anatomy and physiology of the cncophaiyngeus 
muscle aie descnbed Two cases of aphagia of tlnee yeais 
duiation aftei poliomyelitis tieated by denervation of the 
cncophaiyngeus muscle aie lepoited Thiough an incision 
on the side of the neck the thyioid and cucoid cartilages aie 
exposed and lotated lateially and outwaid The ciicopharyn- 
geus muscle is identified, and a small section is lemoved fiom 
its postenoi aspect In both patients thus tieated noirnal 



LE JEUNE A LYNCH LARYNX 


1855 


swallowing occuned within 24 to 36 horns, and normal swal¬ 
lowing has peisisted 

In a most intei estmg and mformatne article on laiyngeal 
and tiacheal emergencies in the newborn, Miller*' indicates the 
pioceduie foi piopei diagnosis Obstiuction of the airway in 
the newborn oi extiemeh young infant is a leal emeigency 
lequnmg accuiate diagnosis to institute life-saving measures 
This at times can be difficult m these tiny patients 

Millei enumerates the \anous pioblems that may contribute 
to obstiuction of the airway, and concludes that many con¬ 
ditions othei than atelectasis of the neu bom and laryngeal 
obstiuction must be considered m the very small infant pre¬ 
senting lespnatoiv distiess tliat lequires emergency treat¬ 
ment All laryngologists should review accuiate and concise 
articles such as tins one in ordei to lefiesh partially foi gotten 
facts 

Lewis, Smtman and Loewy* 5 describe and illustrate each 
stage of the reconstruction methods emplmed by them after 
laiyngopharyngectomy Reconstruction of the hypopharyn- 
geal-esophageal tube is undertaken as soon as the original 
wound has completely healed The vanous pioblems arising 
■when doing this type of work aie thoroughly discussed The 
illustrations of the methods of reconstruction make a difficult 
pioblem seem easy 

In addition to coidal caicmoma DeBoid* 0 leports use of 
the laryngofissuie appioach foi removal of foieign bodies, 
cjsts and benign tumois, and foi arvtenoidectomy m patients 
with bilateral abductoi paiahsis Foi such conditions tins 
appioach piondes bettei vision and enables manipulation and 
careful approximation of the mucosa postopeiativelv 

Howie 50 lemmds us that the operation of laiyngofissuie has 
many uses It is the only wa\ to lemove impacted foreign 
bodies in the larynx that ha\ e resisted 1 emo\ al b\ direct laryn¬ 
goscopy Injuries and trauma to the larvnx mav require 
larvngof issui e to readjust displaced fiagments of cartilage 
°i stenosis occuirmg fiom -rarious causes enumerated m this 
article The mam object of the larvngofissui e opeiation is 
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management of eaily coidal cancel, and the ideal type of 
lesion is a tumoi of low giadation m which both extiemities 
of a mobile cold aie fiee Howie quotes statistics of Butisli 
and Amencan laiyngologists on peicentage of cuies by laryn- 
gofissuie and mentions use of ladiation and teleiadium m a 
piovocative vein The conclusion leached is that laryngo- 
fissuie used m piopei cases gives excellent lesults This 
papei was freely discussed by Sn Victoi Negus, Capps, Mac¬ 
beth and many otheis who geneially agieed with Howie and 
added nothing new to the ongmal aiticle 

Clinical studies dealing with the psychologic leaction of the 
patient to laryngectomy, and those studies that evaluate the 
piogiess made by laiyngectomized patients in piogiams foi 
speech 1 ehabihtation, should include all patients lefened to a 
given pi ogi am In this excellent article on evaluation of 
rehabilitation piogiams Luedeis B1 advocates that a team com¬ 
prised of the laryngologist, the speech theiapist and the 
psychologist would appeal to be best fitted foi the task of 
evaluating the factois mheient m the non-coopeiatmg gioup 
of patients Bioadly, he states that the puipose of this team 
would be to deteimme by physical and psychologic examina¬ 
tions and by clinical expeuence whethei esophageal voice 
tiammg 01 a speech piosthesis (electro-larynx) is indicated 
to achieve maximum rehabilitation 

In a discussion of the pseudoglottis m laiyngectomized pa¬ 
tients Micheli-Pellegrim 32 lejects the possible existence of 
pharyngeal elements capable of vibiating like vocal coids He 
does not believe that any esophageal element, and in pa 1 ticulai 
the cucophaiyngeus, is able to simulate a vibiating glottis 
Views of the vanous contributors on the subject of the so- 
called pseudoglottis in laiyngectomized patients aie discussed, 
mostly to disagiee Michelli-Pellegiim believes that ail flow¬ 
ing thiough a narrow section would pioduce sound, and that 
the most piobable site for such a nan owing space would be 
between the base of the tongue and the postenoi pharyngeal 
wall He states that the esophageal mouth constituted by the 
cucophaiyngeus seems to lepiesent those stiuctuies at which 
level fundamental sound is pioduced in the laryngectomizec 
patient Fiom leading this article it is evident that no un- 



LE JEUNE &. LYNCH LARYNX 


1857 


animity of thought exists concerning the pioduetion of sound 
m a laryngectomized patient 

Simon 53 is of the opinion that any opeiation on the thyroid 
gland, no mattei how tuvial, endangeis the lecunent laryn- 
geal nerve He believes that the incidence of nerve injury 
in thyioid suigery is much highei than piesent statistics 
indicate Non-functioning lecunent neives aie a temfic 
handicap and fi equently blight the patient’s life Simon maps 
out a tiiangle for piotection of the lecunent nerve The 
triangle is bounded lateially by the common caiotid arten, 
supenoily by the mfenoi thyroid artery and medially by the 
body of the lecunent nerve on the lateial boidei of the 
tiachea Location and visualization of the neive m this 
tnangle piactically assuie that it will not be injuied piovided 
adequate caie and gentle technique aie obseived 

Mettlei 51 leports a case of a mediastinal abscess that ap- 
paiently lay doimant foi seven months aftei laryngectomy 
It was diagnosed by loentgenogiaphy with use of banum, 
opened and diamed 


VOICE THERAP1 

It has been noted that patients with simple conduction deaf¬ 
ness tend to speak softly Cantor 55 suggests that m advising 
a patient to lest his voice a conduction deafness can be pio- 
duced artificially bv means of eai stoppeis 01 eai muffs 

The first part of Buess’ article 56 deals with the histoiy of 
voice theiapy dating fiom the discovery of the laryngoscope 
by Gaicia m 1854 This is followed by a discussion of the 
theory of voice pioduetion and the mteiplav of the larvngeal 
muscles m accomplishing this 

Next is biought out the classification of the voice theiap’st 
and the oidei of testing depending upon the condition of the 
patient, whethei theie is a lesion on the coids, and the patho¬ 
logic type of lesion The methods aie then consideied, and 
the techniques of cairymg out these tests aie explained This 
is the fust part of a subsequent series of articles m vhich the 
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means of collecting muscle pans that aie functioning out of 
balance will be descubed 

Gartland 07 leports a case of mjuiy to the thyioid caitilage 
without fiactuie pioducmg a hematoma of the false cold and 
swelling of the aiytenoid with fixation of the coid They 
used mtenupted galvanic cunent undei dnect laiyngoscopy 
to deteimme whethei paialysis of the coid was due to neive 
injuiy 01 to dislocation of the arytenoid The voice le- 
eoveied foi eveiy day needs, but the coid lemamed immobile 

Livesey 68 leports the case of a 20-yeai-old soldiei who fell 
and sti uck his neck on a tent-peg Aphonia, coughing, hemop¬ 
tysis and some pam developed immediately followed by dysp¬ 
nea latei The next day emeigency tiacheotomy was neces- 
saiy Subsequent examination of the laiynx showed a laige 
hematoma on the left side Livesey wains that any heavy 
blow on the laiynx may lesult in seveie dyspnea and such 
accidents should nevei be consideied too lightly 

FOREIGN BODY 

Zollei and Bowie 00 state that seveial cases have been ie- 
poited m the Jiteiatuie m which calcifications of the neck 
weie confused with foieign bodies of the food passages Cal¬ 
cification of the neck occuned in thiee successive cases of 
suspected foieign body of the esophagus in which the patient 
gave a lustoiy of swallowing a chicken bone and on esophago- 
scopy no foieign body was found These patients presented 
the pioblem of calcification of noimal laryngeal caitilages 
These cases piompted Zollei and Bowie to leview the hteia- 
tuie and launch an investigation of this pioblem Numeious 
ladiogiaphs appeal m the aiticle showing noimal calcifica¬ 
tions of isolated poitions of the laryngeal caitilages giving the 
impiession of a foieign body It is acknowledged, howevei, 
that 98 pel cent of foieign bodies of the esophagus aie below 
the lowei boidei of the cucoid caitilage 

Feldman and associates 00 lepoit a case of a piece of wooden 
tongue depiessoi bieakmg and being aspnated by the patien 
dui mg a convulsive seizuie A plea is made foi caie m the 
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use of wooden tongue depiessois undei similai cncumstances, 
and the dangei is emphasized 

BENIGN TUMORS 

Epstein and Winston 01 expiess the opinion that intubation 
gianuloma is a laie complication of endotiacheal anestliesia 
Theie is no doubt that this condition is fai moie common than 
the 55 published cases would suggest Epstein and Winston 
state that intubation gianulomas aie mvanably found on the 
vocal piocesses of the aiytenoids We agiee that the vocal 
piocess is by fai the most fiequent site of occunence, but m 
oui senes of 25 unieported cases, we have had two patients 
in whom the gianuloma occuned in the middle thud of the 
vocal coids The histologic pictuie of these granulomas is 
simply that of nonspecific gianulation tissue Vanous theones 
have been postulated m an attempt to explain then cause and 
site Evidence is offered to mci lmmate the i ole of static pi es- 
suie lathei than dnect tiauma as the most important etiologic 
factor 

In an editonal 0 - fuithei emphasis is placed on the fact that 
gieatei caie should be exeicised m the mtioduction of the 
endotiacheal tube at the time of induction of anestliesia in 
oidei to avoid the occunence of gianulomas 

Figi and Beiman 03 state that although pi unary amyloid 
deposits occui in many paits of the body, they aie found most 
flequently in the laryngotiacheal legion Nine cases of 
amyloid tumois occui ring m the laijnx and tiachea weie 
seen dunng a penod of six yeais, one of which is leported m 
detail Hoaiseness was the chief complaint of all patients, and 
the tieatment found most effective was suigical lemoval 

Szpunai 01 conectlv states that papillomatosis of the laivnx 
in children lepiesents a diffeient moibid piocess fiom papil¬ 
loma of the laivnx of adults Wheieas hvpeikeiatotic papil¬ 
loma in the adult is consideied a piecanceious lesion, malig¬ 
nant degeneration of papillomatosis occurs laielv m children 
It is now thought that larvngeal papillomatosis in childien 
does not undei go malignant degeneiation unless madiated 
For this leason, theie is belief that liiadiation and ladical 
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surgical excision should be banned m the treatment of laryn¬ 
geal papilloma m childien Szpunai comments on the vaned 
unsuccessful treatments used foi papilloma of the larynx and 
then describes the treatment he used m 80 cases of multiple 
papillomatosis fiom 1946 to 1956 with good lesults This 
consisted of injection of 0 1 to 0 5 ml of stilbesterol into the 
larynx Only one side of the larynx was injected at one time, 
as occasionally moderate swelling develops 

Studies m tissue growth of laryngeal papilloma were con¬ 
ducted by West and co-workeis 05 using the suspended cell 
methods patterned aftei techniques suggested by Hanks 
Observations suggested growths occurred moie rapidly from 
laryngeal papilloma obtained from the larynx of both childien 
and adults, than any other adult tissue cultured, either benign 
or malignant 

Woodman 00 presents a follow-up report of a case of a wo¬ 
man, aged 35 yeais, with multiple obstructive papillomas 
treated by a suigical technique in which a laiyngofissuie 
appioach was used with submucosal dissection of the growth 
followed by insertion of an aciyhc mold The patient has 
remained fiee of recunence for thiee yeais 

Capps 0 " made a survey of the treatment of papilloma of 
the laiynx by cnculatmg a questionnaire to a number of 
colleagues m chaige of clinics, he received 80 lephes He 
rightfully concluded that no accepted theiapy will control 
these giowths The vanous treatments advocated aie listed 
The probable cause of stenosis m these cases is injury to the 
vocal cords and violation of the antenoi commissure In the 
treatment of such stenosis Capps advocates thyiotomy with 
excision of scai tissue and Thiersch grafts 

Huizinga 08 brands laryngeal papilloma as a mysteiious 
tumoi and from the piesent outlook feais that it wall remain 
mysterious Micioscopically, theie is no difference between 
papilloma m the child and in the adult, oi between single 
papilloma and multiple papillomas Huizinga admits that 
little is known about the etiology of multiple papillomas He 
calls attention to the mciease m incidence of multiple papi - 
lomas m Finland and the Netherlands aftei World War I , 
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which he attubutes to bad hygienic and social conditions 
We have been of the opinion foi yeais that multiple papillomas 
occui piedommantly m undeipnvileged childien 

Ono and associates 09 piesent a masteily discussion of the 
etiology of multiple papillomas and descube experiments un¬ 
successfully conducted foi detei ruination of the etiology 
Papilloma is the most common benign tumoi of the larynx 
with the exception of the poh p, which is an inflammatory 
hyperplastic lesion The striking featuies of this tumoi aie its 
fiequent occuilence m childien, its resistance to treatment, 
its tendency to tiansplant itself, its tendency to lecui and its 
spontaneous legiession and disappearance aftei its existence 
foi a numbei of yeais Among the possible etiologic factois 
discussed aie hormones, chionic nutation and vnus infec¬ 
tions The thought is expiessed that clinical and experimental 
observations pomt to the fact that nius is most likely a major 
causative agent This is an excellent presentation, winch 
should be lead in its entirety b\ those interested m tins 
subject 

Vettoiato" 0 leports a sui\ev of 3S cases of papilloma of the 
larynx m childien and adults and descnbes his theiapy 

Bjoik and Hakosalo' 1 conducted a study on the mitotic 
activity m benign and malignant papillomas of the larvnx m 
adults, because it offeied additional possibilities foi evalua¬ 
tion of mtia-epitlielial anaplasia Pathologic mitosis is ex¬ 
tremely laie in benign papillomas but fanlv common m 
malignant papillomas The fiequencv of mitosis, and of 
pathologic mitosis m particular, is an important cntenon m 
consideration of the possibility that papillomatous formations 
m the larynx aie malignant. 

In an interesting, informative article Bjoik and Ten’ 2 
leport lesults of the comparative clinical and histologic study 
of benign and malignant papillomas of the larvnx m adults 
Many authorities agiee that the diagnosis of malignant tumoi 
is often difficult to make m the case of papillomas Ullman 
is quoted as stating that single papillomas m adults show a 
tendency to malignant degeneiation, and Altman is quoted 
as saving that mtia-epitlielial anaplastic changes are con- 
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elusive evidence of malignant growth m non-papillomatous 
laiyngeal tumoi s, wh.ei.eas the same signs m papillaiy tumors 
aie less significant, howevei, Bjoik and Ten considei intra¬ 
epithelial anaplastic changes to be of utmost significance m 
deteimining malignant degeneiation Critical distinction is 
necessaiy m evaluating epithelial changes since benign papil¬ 
lomas can show some degiee of atypia 

Ciacovaner and Chodosh" 3 lepoit two most interesting 
cases One piesented unusual symptoms and the other un¬ 
usual theiapeutic lequnements The fust patient suddenly 
noted a "fleshy mass" m his mouth On mmoi examination 
of the larynx a laige pedunculated mass was noted m the left 
pynfoim fossa, the pedicle arose fiom the inferior portion 
of the left postenoi pillai The possibility of glottic obstruc¬ 
tion was appreciated, and surgical removal was accomplished 
without difficulty The second patient had a ventnculai 
polyp which had to be removed by a laiyngofissuie appioach 
Other polyps weie encountered on the cords Seldom is it 
necessaiy to lesort to such a pioceduie to lemove polyps 
fiom the laiynx, but laige ventnculai polyps piesent prob¬ 
lems which at times, such as m this case, lequire a laryngo- 
fissure appioach 

Plasmocytoma is an uncommon tumoi of the soft tissues of 
the uppei lespuatoiy tiact, and as an intrinsic tumoi of the 
laiynx it is extiemely laie Claik' 4 leports such a case that 
caused 1 ecuiient hoaiseness, dyspnea and dysphagia foi two 
01 thiee yeais On mdnect laiyngoscopy a laige, soft polyp 
was seen between the vocal coids and appealed to originate 
fiom the light ventricle Aftei removal, the pathologic 
diagnosis was plasmocytoma 

Epiglottic cysts complicating anesthesia aie rathei un¬ 
common Noiris™ lepoits two such cases which piesented 
pioblems to the anesthesiologist Cysts of the epiglottis aie 
not consideied laie by the laiyngologist, and fiequently when 
found, they aie symptomless Only when they assume laige 
pioportions, do they piesent pioblems Non is discusses the 
ongm and classification of cysts of the epiglottis and the 
method of handling such cases when administering an an- 
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esthetic The difficulties and dangers resulting fiom un¬ 
suspected epiglottic cysts encounteied during geneial anes¬ 
thetization aie "well discussed 

Asherson' 8 states that a cyst of the epiglottis is usually 
considered to be a benign lesion, but this classification belies 
its deadly natuie and is misleading if the cyst is laige The 
most lethal of such cysts, despite then lelatively small size 
and ranty, is the congenital juxta-laryngeal cyst that is a 
common cause of laiyngeal obstruction m the neonate, 15 out 
of 20 resulting m death fiom asphyxia within a few weeks 
of life Even m the adult, large cysts of the epiglottis be¬ 
come dangeious as they mciease in size and a pedunculated 
cyst may become impacted m the glottis with lesultant as¬ 
phyxia and death Asherson descubes the vanous types of 
cysts and attempts an mteiestmg classification of them He 
advises peioial lemoval of all cvsts occumng m the epiglottis 
and uppei portion of the larynx with the aid of the Davis 
tonsil mouth gag and lemoval of the plunging mtra-Iaiyngeal 
cyst by the external appioach It is strange to the revieweis 
that Asheison does not mention utilization of suspension larvn- 
goscopy for lemoval of laiyngeal cysts, which to us is the 
ideal method 

Epstein and co-authois" agiee that m spite of much wntmg 
on vocal coid polvps, consideiable confusion still exists in the 
liteiature as to nomenclature and histologic intei pi etation 
Then objective m this piesentation was to analyze and assess 
the climcopathologic significance of vocal coid polyps Thev 
analyzed 283 cases of vocal coid polvps histologically and 
clinically and discuss the pitfalls of nomenclature Polvps 
and then clinical valiants aie not neoplasms, consequentlv, 
use of such teims as fibioma, angioma oi mvxoma is not 
coirect Tine benign neoplasms of the vocal coid, with the 
exception of papillomas, aie excessively laie This is a most 
excellent article and should be studied by the laryngopathol- 
ogist 

In an excellent, thoiough article on benign tumois of the 
larynx, Capps' 6 excluded from discussion nodes, polvps, cvsts 
and some fibromas, which aie piobabh the result of tiauma 
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01 inflammation He states that compaied with malignant 
giowths of the larynx, benign tumois aie laie Papillomas 
aie outstanding and account foi neaily all giowths occumng 
m infancy The theiapy of multiple papillomas is discussed 
geneially with the expected conclusion that there is no specific 
lemedy available Tins lattei fact is bi ought out forcibly by 
quoting numeious ai tides on multiple papillomas Capps 
lepoits one case of a fibioma simulating carcinoma Two 
cases of angiomas and one lymphoma aie included Five 
chondiomas weie seen, and the liteiatuie of lecoided cases 
is leviewed 


In a discussion of benign tumois of the larynx Salkeld 70 
leports a case of a non-specific gianuloma of the laiynx m a 
68-yeai-old man, which was lemoved by lai*yngofissuie with 
lecunence m foui months Radiation partially conti oiled the 
giowth The lesion was studied by seveial pathologists, who 
concuned that it was an inflammatory granulomatous tumoi 
with abundant plasma cells At the time of then report the 
patient was leceivmg extensive corticosteioid theiapy 


Following the shock of an air laid 13 years befoie, a patient 
became hoaise, and six months later when examined, paialysis 
of the light vocal coid was found In 1953 Salmon 60 investi¬ 
gated the laiynx because of recumng hoaiseness and found a 
large, lounded mass expanding the light aiyepiglottic fold 
Roentgenogiams weie characteristic of an ossifying chon- 
dioma of the light aiytenoid Utilizing a cuived lateial in¬ 
cision and making use of the Woodman aiytenoidectomy ap- 
pioach he lemoved the tumor, and the diagnosis was con¬ 
firmed 


Stewart 61 discusses the histopathology found m a senes of 
104 cases of benign tumors of the larynx Polypoid-like 
giowths occui m the laiynx with lelative fiequency, and 
these inflammatory polyps are regaided as foimations of 
mesenchymal ongm as the foieiunneis of fibiomas and an¬ 
giomas Stewart consideis the fibioma as the most common 
of the diffeientiated benign tumois occuilmg m the Iary f* 
These, togethei with angiomas, aie descnbed thoioughly 
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fxom a histopathologic aspect and mici ophotogi aphs aie pie- 
sented to substantiate the diagnosis 

MALIGNANT TUMORS 

Pnkey' 2 leports a case of a metastatic laryngeal lesion of a 
pioved case of multiple myelomatosis Tins is extremely 
laie, particulaily because metastasis to the larynx scaicely 
evei occuis Of intei est m tins case was the lapid favoiable 
lesponse of the lesions to administration of uiethane Al¬ 
though the patient died, as long as ui ethane could be given 
impiovement was stead^ , howevei, use of the diug had to be 
discontinued because it caused seveie leukopenia 

In a lengthy aiticle Lane* 3 leports ten cases of polypoid 01 
fungatmg oial, faucial and laryngeal lesions The featuies 
they had m common weie the piesence of an mtiamucosal 01 
invasive squamous cell caiemoma associated with an anaplastic 
stroma of saicomatous appealance Only two of the ten 
patients had a history of ladiation to the legion m question 
Pathologic study of these cases suggested that only the cai- 
cmomatous portion had tiulv malignant neoplastic pioperties 
Lane suggests that the saicomatous component of these 
giowths is piobably not a malignant neoplastic tissue, and foi 
this leason pioposes the tentative designation of “pseudo- 
saicoma ” 

Kuhn and associates' 4 piesent a detailed, extensive statis¬ 
tical leport on 602 cases of caiemoma of the larynx They 
classified then cases not only as to age, sex and duiation of 
symptoms but also as to site and giade They concluded 
that the findings of then studv “indicate that among various 
items of mfoimation available at the time of tieatment, the 
site of the tumoi, the histologic giade of the tumoi and the 
micioscopic infiltiative natuie of the tumoi, each significantly 
affects the likelihood of occuiience of ceivical metastases fiom 
patients with squamous cell caiemoma of the larvnx ” They 
consideied then findings deteimmants of the indications foi 
ladical pioceduies designed to lemove ceivical aieas of 
metastatic spiead m this disease This is an excellent lefei- 
ence article 



1866 


LE JEUNE & LYNCH LARYNX 


Quinn and McCabe 85 found only eight cases of laiyngeal 
metastases fiom distant oigans m a leview of the hteiatuie 
fiom 1916 to 1951 To this group they added two cases of 
carcinoma of the piostate gland that weie metastatic to the 
laiynx These cases aie well descubed, and the loute by 
which neoplastic emboli leached the larynx is discussed 

In a most interesting and valuable conti lbution on phaiyn- 
golaryngectomy with pnmary “sleeve graft” leconstiuction, 
Shaw and Omerod 80 descube then technique for successful 
handling of these difficult cases Much stiess is placed on 
the impoitance of using the piopei type of self-ietaming 
Latex stents ongmally devised by Sir Victoi Negus It is 
agreed that total pharyngolaryngectomy with pnmaiy closuie 
by skm tube must be used when lesection of the pnmary 
tumor m the hypopharynx or cervical esophagus necessitates 
excision of moie than 70 pei cent of the mucosal cncum- 
feience The incision and lesection aie matters of skill and 
suigical judgment A lectangulai split skm giaft of suf¬ 
ficient size (4x6 inches) to cieate a “sleeve” type tube foi the 
uppei gullet is used This graft is applied to the operative 
defect, raw surface outwaid, and is sutuied to the lowei 
edge of the posterioi phaiyngeal wall and the uppei edge of 
the postenor esophageal wall The Latex stent is placed in 
position, and the graft is caiefully sutuied aiound the houi- 
glass stent Complications and postoperative tieatment are 
discussed Those inteiested in this type of surgical lecon- 
struction should read the entile aiticle, which is much too 
long to covei adequately in such a leview as this 

Maichetta and co-authois 8T present the end-iesults of a study 
of 158 documented cases of caicmoma of the laiynx seen fiom 
1935 to 1953 They concluded that the smoking histoiy m 
this senes was of little significance They divided then cases 
into thiee categones the fust categoiy included 56 cases in 
which the lesion was confined to the vocal coids without 
evidence of fixation Half of these weie tieated by excision 
and half by ladiation Twenty-fom months aftei tieatment 
75 pel cent of the suigical gioup weie fiee of disease, wheieas 
only 50 pei cent of those tieated with ladiation weie withou 
lecuuence The second gioup consisted of 60 patients witi 
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lesions limited to the coids with fixation indicating deepei 
infiltration of the stiuctuies of the larvnx Eighty-thiee 
per cent of the patients tieated suigicalh showed no evidence 
of lecunence at the end of 24 months, wheieas only 22 pei 
cent of those treated bv madiation weie fiee of disease at 
tlie end of this time In the thud category were 42 patients 
with lesions that invohed the \entnculai band m addition 
to the tiue coids All se\en tieated suigicallv weie alne at 
the end of 24 months, but only 11 pei cent of the remaining 
33 who leceived madiation weie alne at the end of this time 
Surgical tieatment consisted of laryngofissui e, laryngectomy 
or laryngectomy with radical neck dissection Salvage efforts 
weie instituted whene\ei possible This presentation is of 
gieat intei est, and only the outstanding statistics ha\e been 
presented because of the length of the papei 

Jackson and associates" leport the lesults of a sur\er of 
25 yeais’ expenence with tieatment of 1,066 patients with 
caicmoma of the larynx by operation and irradiation Treat¬ 
ment consisted of partial laryngectomy in 384 patients, total 
lai vngectomy m 374 patients, laryngectorm with radical neck 
dissection m 48 patients and irradiation m 260 patients The 
five-yeai survival late, as would be expected, was highest m 
those having partial laryngectomy (S7 pei cent) and lowest 
m those treated bv irradiation (42 pei cent) Metastasis and 
lecurrence aie discussed, and then management is outlined 

In a study of 170 case histones of patients suffenng fiom 
cancel of the larvnx Fioi' 0 was able to show that 32 relatnes 
had suffeied from some form of malignant lesion These 
findings aie discussed, and the importance of extrinsic factois 
which, by acting on the laivnx, might enhance the heieditarv 
cancel potential already existing m these subjects, is pointed 
out 

Foxwell 50 leports two inteiestmg cases of caicmoma of the 
larvnx m which he questions whethei iede\elopment of carci¬ 
noma 15 and 17 veais latei was a lecuirent oi a secondary 
primary lesion The fust patient was a larvngofissuie m 1935 
when the light vocal coid, which was fixed and had “an 
megulai white mass,” was iemo\ed Fifteen \ears later a 
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giowth developed on the left vocal coid and lequned laiyn- 
gectomy In the second case laiyngectomy was peifoimed 
m 1938, and a mass developed above the tiacheal stoma m 
1955 We concui that the fust case was a second pumaiy 
caicinoma, but we cannot undei stand the lationale of laiyn- 
gofissuie m the face of fixation of the coid The choice was 
undoubtedly the piopei one, foi theie was no i eminence on 
the side of opeiation In the second case lecunenee is a 
possibility 

Theie is umveisal agieement with Moifit and associates 91 
that cancels ansing in the laiyngopharynx, extnnsic larynx, 
and uppei ceivical esophagus piesent difficult theiapeutic 
pioblems The mam method of tieatment m the past has 
been madiation Cancel theiapists aie now turning with 
gieatei fiequency to suigical excision to impiove lesults 
Eleven patients weie subjected to laiyngophaiyngectomy 
paitial esophagectomy and neck dissection The lesions weie 
so extensive that aftei lemoval, pnmaiy closuie was impos¬ 
sible and continuity was established with polyethylene The 
method of doing this is well descnbed Morfit and associates 
conclude that when the giowth can be extnpated by combined 
neck dissection, laiyngectomy, partial phaiyngectomy and 
pnmaiy closuie obtained, the end-iesults indicate this is 
worthwhile If the giowth is so extensive that auxihaiv 
measuies must be employed, little oi no mciease m the sal¬ 
vage late can be expected 

Smtman and Loewy 9 - state that adequate suigical tieatment 
of caicinoma of the laiynx implies lesection of the pnmaiy 
tumoi and its path of dnect and lymphatic spiead with a tiue 
maigin of safety Laiyngofissuie techniques aie satisfactory 
foi lestncted lesions, howevei, it is impoitant to evaluate 
the indications caiefully and adheie to them Foi moie ex¬ 
tensive lesions of the vocal coid with lelatively pool lym- 
phatic-spiead potentials, total laiyngectomy is piopei tieat¬ 
ment The vanous types of lesions occuiimg m the larynx 
and adjacent tissue aie discussed In all of these cases Snit- 
man and Lowey comment on the type of opeiation consideied 
adequate foi the paiticulai lesion Laiyngectomy in continu¬ 
ity with neck dissection is m fiequent demand foi certain 
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types of lesions When indicated, they belie\e that laryngec¬ 
tomy should be of the widefield t\pe, including the bloc fiom 
the hyoid to the tiachea This is a most intei estmg and m- 
f 01 mature article leplete with sound judgment and good 
advice 

Thompson 63 leports that caicmoma of the laiynx lepiesents 
4 pei cent of all malignant lesions and moie than 16 pei cent 
of all laryngeal tumois It is most piomment in the fifth to 
seventh decades of life but has been leported m childien as 
young as 11 jeais The latio of men to women is ten to one 
and of Negio to whites pei population is 1 to 1 5 pei cent 
Thompson piesents a senes of cases lllustiatmg the types of 
laryngeal caicmoma and methods of tieatment 

In an excellent article on laivngeal cancel Snitman and 
Loewy 91 deploie the inadequate type of opeiation m which 
lymphatic spiead has not been coveied They believe that the 
tieatment of advanced caicmoma ot the larynx is fundament¬ 
ally suigical Relatively few patients with ad\ anced caici- 
noma of the larynx demonstiate absolute conti amdications to 
suigical management when tliev first seek medical aid In 
the past patients with advanced tumois weie lefened foi 
ladiation theiapy, not in the hope of cuie but for piesumed 
palliation Many patients can now expect useful extension 
of then life span if given the benefit of adequate surgical 
excision This article is well worth leading 

In an excellent article Holmger and associates 95 discuss the 
symptoms of larvngeal cancel with particulai emphasis on 
peisistent hoaiseness As the condition de\elops, otliei symp¬ 
toms appeal Most of these tumors aie squamous cell caicmo- 
mas Then location is described, and the symptoms lesultmg 
aie given The diagnosis is made by indirect and dnect 
laryngoscopy and biopsv Tieatment consists of laivngofis- 
sure, and laryngectomy alone oi with radical neck dissection 
The pieopeiative caie and especially the postopeiatne nursing 
caie aie descubed m detail This is an excellent article foi 
flooi nurses as well as pnvate dutv nuises caring foi this 
type of patient 

Oimerod 9 ' defines pharvngolaryngectomv as total excision 
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giowth developed on the left vocal coid and lequued laiyn- 
gectomy In the second case laiyngectomy was perfoimed 
m 1988, and a mass developed above the tiacheal stoma m 
1955 We concui that the fust case was a second pnmary 
caicmoma, but we cannot undei stand the lationale of laryn- 
gofissuie m the face of fixation of the coid The choice was 
undoubtedly the piopei one, foi theie was no lecuirence on 
the side of opeiation In the second case lecunence is a 
possibility 

Theie is univeisal agieement with Moifit and associates 01 
that cancels ansing m the laiyngopharynx, extimsic laiynx, 
and uppei ceivical esophagus piesent difficult theiapeutic 
pioblems The mam method of tieatment m the past has 
been madiation Cancel theiapists aie now turning with 
gieatei fiequency to suigical excision to impiove lesults 
Eleven patients weie subjected to laiyngophaiyngectomy, 
paitial esophagectomy and neck dissection The lesions weie 
so extensive that aftei lemoval, pumaiy closuie was impos¬ 
sible and continuity was established with polyethylene The 
method of doing this is well descubed Morfit and associates 
conclude that when the giowth can be extnpated by combined 
neck dissection, laiyngectomy, paitial phaiyngectomy and 
pnmaiy closuie obtained, the end-iesults indicate this is 
woithwhile If the giowth is so extensive that auxiliary 
measuies must be employed, little oi no mciease m the sal¬ 
vage late can be expected 

Snitman and Loewy 02 state that adequate suigical tieatment 
of caicmoma of the laiynx implies lesection of the pnmaiy 
tumoi and its path of dnect and lymphatic spiead with a tine 
maigm of safety Laiyngofissuie techniques are satisfactory 
foi lestucted lesions, howevei, it is important to evaluate 
the indications caiefully and adheie to them Foi moze ex¬ 
tensive lesions of the vocal coid with lelatively pool lym- 
phatic-spiead potentials, total laiyngectomy is piopei tieat¬ 
ment The vanous types of lesions occumng m the laiynx 
and adjacent tissue are discussed In all of these cases Snit¬ 
man and Lowey comment on the type of opeiation consideied 
adequate foi the paiticulai lesion Laryngectomy m continu¬ 
ity with neck dissection is in fiequent demand foi certain 
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Fluoioscopy confirmed the fact that ail did not entei the 
esophagus because of inability to lelax the sphinctei of the 
esophagus Educational methods soon bi ought results A 
laige esophageal bougie was used daily to dilate and lelax the 
cricopharyngeal sphinctei The patient gradually succeeded 
m swallowing an and piessing it out of the esophagus, and 
within two months a satisfactory com ei sational voice had 
developed 

In an intei estmg article Haas 100 piesents his lecent woik, 
although limited, on the betation treatment of caicmoma of 
the laiynx This presentation offeis food foi thought and 
again brmgs up the old aigument of ladiation \s excision as 
curative therapy foi carcinoma of the laiynx The ad\antages 
of the betiation aie gieatei penetration, lessei surface dose, 
msigmfleant side scattenng and, theiefoie, less osseous ab¬ 
sorption and nsk of necrosis of bone and bone mairow de¬ 
pression This type of treatment employs less radiation and 
causes less discomfort to the patient both during and aftei 
radiation Only ten cases of caicmoma of the laiynx are 
leported, three of the ten patients aie dead, and at the time 
of the leport only one has been living for moie than five yeais 

McReynolds 101 consideis caicmoma of the laiynx an mtei- 
estmg and challenging pioblem m which the ideal treatment 
is yet to be found He leviews 244 cases of larvngeal cancel 
seen at the University of Texas Medical Branch during the 
past 15 yeais He reviews the modes of theiapr employed and 
discusses at length and accuiatelv the significance, potentiali¬ 
ties, method of treatment and piognosis of leukoplakia Al¬ 
though his peicentage of leported cuies seems slightly* low, 
his advice and surgical management aie sound 

Stiuben 10 - comments on the difficulty of classifying larvn¬ 
geal carcinoma, as evidenced by the divergent classifications 
proposed by vanous laryngologists He piesents a classifica¬ 
tion pioposed by* the joint staffs of the Radiotherapeutic 
Institute of Rotterdam and the Netherlands Cancel Institute 
of Amsterdam, wluch is much the same as that suggested bv 
the Intel-national Committee foi stage-gioupmg in cancel in 
1953 A um\ersally accepted classification would make it 
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of the larynx with at least half of the pharyngeal tube He 
adequately descubes the pathology and surgical pioceduie, 
but dwells more on the methods of lepan aftei this foimidable 
opeiation His method of sutunng and lepanmg the pharyn¬ 
geal defect is well presented He points out that the condition 
of these patients is much impioved by this drastic surgical 
piocedure, the diseomfoit occasioned by the piesence of a 
large septic malignant lesion in the pyufoim fossa wheie ail 
and food passages cross, being exchanged for the well being 
and comfort of a healed and clean alimentary tract 

The immediate effects of too much Roentgen-iay n radiation 
on the skin, subcutaneous tissue and caitilage aie well known 
Reports of late damage to the deep tissues of the pharynx, 
larynx and upper esophagus are not common Heniy 9 ' lepoits 
two cases of damage fiom prolonged n radiation foi non- 
cancerous lesions ten to 15 yeais before Seveie dyspnea and 
dysphagia developed in one patient, and m the othei caici- 
noma of the larynx developed Henry voices the opinion that 
when cancel occuis seveial yeais aftei prolonged loentgeno- 
theiapy foi a non cancerous lesion at the site of madiation, 
it may be teimed an madiation cancel 

The piognosis of caicmoma of the epiglottis is much woise 
than that of the vocal coids Theie seems to be a wide vaua- 
tion m the surgical management of this condition McCall 
and associates 08 believe that the solution lies in use of more 
ladical excision They advocate total laiyngectomy, including 
the epiglottis and ladical neck dissection (umlateial if the 
giowth is localized to one side, but bilateial in two stages if 
the giowth is m the midhne) To substantiate this pioceduie 
the lymphatic supply of the epiglottis and laiynx is lllustiated 
Statistics during a period of ten yeais show a higher incidence 
of lecunence m patients having less ladical operations Help¬ 
ful advice in peifoimmg bilateral ladical neck dissections 
is offeied 

In an intei estmg and unusual papei Damste 09 descubes im- 
piovement of the voice of a patient aftei total laiyngectomy 
by changing the site of the pseudoglottis Foi two yeais the 
laryngectomized patient spoke with a weak pharyngeal voice 
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radiation offers hope m the treatment of carcinoma of the 
true colds, but it fails completely to impiove unsatisfactory 
survival rates of patients y ith carcinoma m othei parts of 
the larynx 01 laryngopharynx Shaw advocates the classical 
method of ladical en bloc dissection of the larynx and cervical 
glands, togethei with lemoval of the sternocleidomastoid and 
omohyoid muscles, the internal jugulai vein and the sub- 
maxillary gland Early diagnosis and eaily adequate surgical 
treatment lemam the most powerful veapons for attacking 
cancer Radical surgical excision will nevei be the ultimate 
answer, but is the most effective single method available until 
biochemical control can be achieved 

In an interesting and thorough article Goolden 106 states 
that the carcinogenic properties of ionizing ladiation have 
been recognized foi many years Radiation tumois that have 
developed m the pharynx and larynx are discussed Most 
radiation-induced tumors aie squamous cell caicmomas Five 
cases of radiation cancer of the Iarvnx have been repoited m 
the literature These patients had lnadiation for tuberculous 
adenitis and exophthalmic goitex In addition to these, 12 
cases of postcricoid carcinoma after irradiation for thyrotoxi¬ 
cosis aie reported Goolden classifies postcucoid carcinoma 
under pharyngeal tumois, but m oui opinion, thei could be 
equally as well classified as occurring m the larvnx The 
latent interval between treatment and development of carci¬ 
noma langed from ten to 35 years Goolden points out that 
with the new type of therapv now being used m irradiation 
there is less chance of development of post-radiation tumois 

Henken 10 ' does not considei the primary diagnosis of caici- 
noma nor does he attempt the differential diagnosis He 
compares the cuirent nomenclature of larvngeal carcinoma m 
the United States and the Netherlands The nomenclature is 
surprisingly similai basically m the large medical centeis of 
both countries Based on classification the suigical indica¬ 
tions aie practicallj the same except more postoperative loent- 
genotherapy is administered abroad, and in some of the centei s 
all patients are given a trial of loentgenotheiapv preopera- 
tivelv The comparative statistics are much more favorable 
m the United States than in the Netherlands, but the mam 
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possible to compaie statistics and lesults and map out modes 
of tieatment foi various caicmomas of the laiynx moie ae- 
cuiately than we now can Stiuben believes that caicmoma 
of the laiynx should be tieated only in special clinics in oidei 
to enable the staff to enlaige then expenence and thus piovide 
the patient with the best tieatment possible 


The laie incidence of fibiosaicoma of the laiynx, says 
Johnston, 103 can best be appi eciated by companson with the 
incidence of othei cancelous tumois of the laiynx Figi le- 
ported foui cases of saicoma at the Mayo Clinic fiom 1910 
to 1933 as contiasted with 713 cases of caicmoma of the 
laiynx Johnston leports thiee cases of fibiosaicoma and 
686 cases of caicmoma seen between 1947 and 1956 The 
latio of saicoma to caicmoma is 1 117 Fibiosarcomas laiely 
metastasize, but when they do, extension is thiough blood 
vessels oi mfiltiation The tumoi is usually smooth and 
lounded, and the diagnosis is made by micioscopic examina¬ 
tion of the tissue Complete suigical lemoval is necessary foi 
cuie Sarcomas aie radioi esistant Johnston descubes the 
theiapy instituted in his cases with appiopnate comments 


In a senes of two aitides Davis 104 piesents fust a lengthy 
histoncal sketch of caicmoma of the laiynx followed by a 
detailed discussion of the incidence, etiologic factois, classi¬ 
fication, pathologic piocesses and diagnosis He emphasizes 
the necessity of lepeated biopsies on clinically malignant- 
appeanng lesions In the second part of this article manage¬ 
ment of caicmoma of the laiynx is well piesented The in¬ 
dications and technique foi laiyngofissuie and laiyngectomy 
aie consideied Davis believes that theie is a place foi 
irradiation in the tieatment of caicmoma of the laiynx and 
quotes the views of numeious ladiotheiapists In this article 
Davis has accomplished his objective to descube the essentia 
facts of caicmoma of the laiynx m such a way that the 
physician who is not a specialist in laryngology, encounteiing 
a patient with symptoms indicating the disease, would knov 
how to pioceed 

In a most compiehensive article Shaw 105 discusses all Ph^ ses 
of cancel of the extunsic laiynx and laiymgophaiynx Tee- 
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tion fails, oi theie is a lecuirence, suigical treatment is 
undertaken In the piesence of cervical metastasis, surgical 
excision is advocated The result of tins policy is that most 
patients who lequne suigical tieatment have had full couises 
of deep Roentgen-iav theiapv and devitalization of the skin 
The ladical tvpe of excision necessaiy m these patients 
cieates such a defect that leconstiuction is difficult Woods 
suggests insertion of a polj etln lene sponge m a pocket ci eated 
between skin flaps and pi evertebral fascia A thick split 
skin giaft is sewn aiound this polyfoam sponge The results 
obtained m such reconsti uction of the pharvnx have been 
most satisfactory 

Haia 111 leports results of a study of the fi\ e-veai survival 
late of 38 patients with caicmoma of the la mix The symp¬ 
tomatology, diagnosis and pathology are consideied, but only 
the essential featuies of the operati\e proceduie aie discussed 
This leport is well piesented and Haia makes a plea to en- 
deavoi to make people moie conscious of the dangers of pei- 
sistent hoai-seness 
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Woods 110 piefeis a full couise of deep Roentgen-iay theiapy 
foi all patients with caicmoma of the hypophaiynx If iadia- 
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EXPERIMENTAL STUDIES IN FIXATION OF THE 
STAPES AND FENESTRA OVALIS 
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George W Allen, M D , 
and 

John R Lindsay, M D , 

Chicago, Ill 

Stapes mobilization, as put forwaid b\ Rosen 1 and fuithei 
developed by many follow ei s, 2 " s has been an impoitant conti 1 - 
bution to the suigical tieatment of otoscleiosis 

In cases of failuie to mobilize the footplate of the stapes, 
Rosen 9 pioposed the fenestia ovalis opeiation Essentially, 
the pioceduie consists of creating an opening in the margin 
01 body of the footplate of the stapes as close to the posteiior 
cius as possible Removal of the incus facilitates exposure 
of the footplate and creation of the fenestia Rosen 10 has 
reported that normal 01 neai-normal heaung ivas obtained 
in many cases, both when the ossiculai chain remained intact 
and when the incus was lemoved Consequently, Rosen 11 
stated “The Helmholtz concept of the tiansformei action 
of the intact ossiculai chain is a sufficient but not a necessary 
condition foi normal and neai-normal heaung” 

The concept that an intact phvsiological ossicular chain is a 
necessary condition foi normal hearing piompted this investi¬ 
gation The punciples of the tiansformei action of the middle 
eai mechanism and the effects which follow injury of the os- 
siculai chain, aie fully explained m the comprehensive woik of 
Wevei and Lawrence, 1 - Bekesy and Rosenblith, 13 Stulilman, 14 
Stevens and Davis, 1 J and otheis 

The investigation to be reported here was undertaken foi 
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Fig 1 Freehand drawing of ossicular chain as seen after opening the 
attic a, malleus b malleoincudal articulation c incus d racial canal 
e tendon of stapedius muscle f head of the incus f? tj mpanic ca\It^ 
h. ridge of superior external canal 


(CM) weie measuied bv octaves fiom 125 to 8,000 c p s sine 
waves Tlnesholds aie heie defined aftei Pestalozza and 
Davis, 20 and maximum loltage as the \oltage of CM foi a 
predetermined set of the attenuatoi The input was fixed 
at an intensity sufficient to give an output of CM neai the 
point of non-lmeai lty Stimuli at highei intensity mav pro¬ 
duce, m the long piocess of measuiements, undesnable fatigue 
effects Foi observing changes in action potentials (AP) 
8,000 c p s tone pips weie used 
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the puipose of studying the effect of the fenestia ovahs, as 
descubed by Bosen , 1011 on the tiansfoimei action of the middle 
eai mechanism m expei imenta] animals This study may also 
help m the undei standing of the lesults claimed by Bosen 10 
but denied by otheis 8 ’ 10 

Thiesholds and maximum voltage of both cochleai micio- 
phomcs and action potentials weie used as indices of the 
tiansfoimei action It is undei stood that the electi ophysi- 
ological method of measunng sensitivity at the penpheial 
level is 1 elated but diffeis fiom the ovei-all sensitivity as 
detei mined by behavioial methods m animals oi audiometnc 
tests in human beings The electi ophysiological method of 
lecordmg cochleai lesponses is specific foi the study of the 
mechanism of the penpheial eai, including the tiansfoimei 
action The behavioial oi audiometrie method is moie suitable 
foi studying the auditoiy system as a whole, which includes 
peripheial and cential neural mechanisms 

The decision to use thiesholds and maximum voltage of 
cochlear miciophomcs as an index of the tiansfoimei action 
is justified by pievious expeilence 1= 17,1819 Measuiements of 
action potentials weie included m this study, because they 
repiesent the final event of the peripheial mechanism 

METHOD 

The expeiiments weie earned out on 19 cats anesthetized 
with pentobaibital sodium, 37 5 mg per kilo body weight, m a 
single dose 

The opeiation was perfoimed m thiee stages fust, fol¬ 
lowing lemoval of the mastoid cells and bone of the postenoi 
and supenoi walls of the external canal, the lound window 
niche was exposed An electi ode of silvei wne, enamele 
except foi the flat tip, was allowed to lest on the membiane 
of the lound window The opening m the bulla was sealec 
with dental cement An eai speculum coupled to a PDR-1 
tiansducer by a plastic tube 80 mm long, was tightly attached 
to the external canal 

Thiesholds and maximum voltage foi cochleai miciophomcs 
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250 cps ) improved by an aveiage of 10 db while the othei 
frequencies sometimes showed vanations of a few decibels 
Sensitivity of AP was not modified 

Commentary These expenments confnmed the lesults of 
Wevei, Lawience and Smith, 21 that is, opening- of the middle 
ear cavity causes only minor changes m tiansmission Foi 
this reason we decided to use the cochleai lesponses given by 
the initial opening of the attic as the lefeience level, thus, 
m the couise of this papei the lesults aie geneially expiessed 
m terms of losses oi gams m decibels relative to that lefeience 

B Injury to the Ossiculai Chain 

The effect of injury to the ossieulai chain has been fully 
exploied in the past, 12 howevei, we lepioduced those lesions 
which pertained to oui aims 

1 Disarticulation of Incud-ostapedial Joint Sepaiation of 
incus fiom stapes was done by applying ti action on the long 
piocess of the incus with a Shambaugh hook When tiaction 
was leleased, the incus always letumed to contact with the 
stapes if the malleomcudal joint and postenoi ligament had 
not been damaged Restoiation of contact between the two 
bones was facilitated by sound stimuli To obtain a peimanent 
gap it was necessary to luptuie the postenoi ligament and 
capsule of malleomcudal joint 

A gap of 1 mm oi moie between incus and stapes pioduced 
a laige impairment of thiesholds and maximum voltage of both 
CM and AP A lepiesentative case is illustrated m Fig 2 
Curve A lepresents the threshold shift of CM aftei disarticu¬ 
lation Low fiequencies could not be diffeientiated fiom the 
backgiound noises even at the highest intensity input In 
the middle range the losses weie 40 to 60 db and foi highei 
fiequencies 30 to 40 db 

Impairment of maximum voltage of CM also mcieased fiom 
high to low tones, the losses being between 20-30 db for 
high fiequencies, and 30-40 db foi the middle lange This 
change m amplitude of CM for 2,000 cps sine v aves can be 
estimated from Recoid 2 The loss was 27 2 db , which repre¬ 
sents about 95 pei cent of the lefeience (Recoid 1) 
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The second stage of the opeiation consisted of exposing the 
attic so that incus and stapes with its footplate weie widely 
visualized Fig 1 shows a fieehand di awing of the ossiculai 
chain, as seen undei a Zeiss micioscope (16X) The cochleai 
lesponses weie measuied again Some animals iveie used to 
study modifications of cochleai lesponses aftei vanous types 
of lnjuiy of the ossiculai chain 

The thud stage of the opeiation was attachment of a device 
foi mechanical fixation of the stapes and cieation of the 
fenestia ovalis The device consisted of a small pulley with a 
thiead which had a thin steel hook on one end and a scale pan 
foi holding weights on the othei end The hook was anchoied 
to the neck of the stapes Cochleai lesponses weie measuied 
aftei adding to the scale pan weights fiom 10 to 40 gm 
Fenestiation of the footplate was made with a shaip needle 
as close to the postenoi cius as possible The effect of the 
fenestia ovalis was studied m foui types of piepaiations 

1 Noimal ossiculai chain 

2 Injuiy of ossiculai chain 

S Noimal ossiculai chain plus mechanical fixation of 
stapes 

4 Injuiy of ossiculai chain plus mechanical fixation of 
stapes 


RESULTS 


A Cavity Effects 

The technique foi fixation of stapes, making fenestia ovalis 
and othei suigeiy of the ossiculai chain lequned opening 
the attic This eliminates the volume elasticity of the middle 
eai cavity The question was laised as to whethei theie is a 
coiiespondmg change in the cochleai lesponses The answei 
to this question is impoitant in the final assessment of oui 
lesults 

Companson of the lesults obtained befoie and aftei open¬ 
ing the attic showed that the opening pioduced modifications 
m thi esholds of CM Low fiequency sensitivity (125 an 
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shown m Fig 2 Curve B lepiesents the losses m sensitivity 
of CM aftei leconstiuction, and Recoids 3 and 6 the lecoverv 
m voltage of CM and AP respectively The degree of lecoveiy 
of these paiameteis only vaned slightly fiom one animal to 
anothei 

Commentary The lesults of these expenments showed that 
disarticulation of the mcudostapedial joint was accompanied 
by a consideiable loss m both sensitivity and amplitude of 
coclilear potentials Tins fmdmg is particulaily mteiestmg, 
because as Wever and Lawience 15 stated, “The loss just de- 
scnbed is consideiably greatei than we should expect simply 
fiom the elimination of the transformei action of the middle 
eai mechanism, which we have found to aveiage 28 db ” The 
autliois 15 gave two leasons foi this effect one is that incus, 
malleus and tympanic membiane “aie in the path of the 
incoming sound and cause both leflection and absorption of 
this sound to no good pui pose ” Wevei, Lawrence, and 
Smith 51 measuied the sensitivity of CM befoie and aftei dis¬ 
articulation of the mcudostapedial joint, and again aftei le- 
moval of incus, malleus and tympanic membiane Aftei 
lemoval of the lattei three stiuctuies, tlieie was a lecovery 
of about 15 db m the middle lange of the thieshold shift, 
pioduced by the mcudostapedial disarticulation These ex- 
peirments weie repeated m two ammals of the piesent senes 
with the same qualitative lesult The othei factoi, which 
Wevei and Lawrence 15 cited, is that “the sounds have moie 
neaily equal access to both oval and lound windows Then 
stimulating effects upon the mnei eai tend to be countei- 
active” The contribution of this factoi, as deteimined by 
Wevei, 55 is about 12 db A thud additional factoi impairing 
l esponses is the loss of the level latio v Inch, m the mechani¬ 
cal advantage of the ossiculai chain of the cat, amounts to a 
factor of 2 5 15 

2 Removal of Incas This injury pioduced similai, and m 
some animals a laigei impairment of cochlear lesponses than 
disarticulation of the mcudostapedial joint A repi esentative 
case is illustrated m Fig 3 Thieshold shift of CM was 42 
db oi moie and that of AP was 55 db Amplitude of CM 
lost 23 db , which represents a leduction of 93 pei cent of the 
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Fig 2 Cat A-479 Effect of disarticulation of incudostapertial I°' n i 
followed bj iecon8truction Changes In thresholds of CM are represented 
b\ Cur\es A disarticulation of Incudostapedlal joint and B reconstruction 
Changes In amplitude of CM for 2000 cps sine wa\es at 59 db above 
threshold are shown b\ Record 1 reference Record 2 disarticulation 
and Record 3 reconstruction The corresponding changes In amplitude or 
AP for 8000 cps tone pips at 67 db abo\e threshold are represented u5 
Records 4 5 and 6 In this and following figures time calibration is 

10 000 cps 


Changes m AP weie consideiable Thieshold shifted as 
much as 55 db and amplitude was 1 educed to 30 pel cent 01 
less of the lefeience level, as Recoid 5 illustiates 

A caieful leconstxuction of the ossiculai chain by letuining 
the incus to its noimal position may pioduce neaily complete 
lecovery of cochleai lesponses These findings aie also 
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Wevei et al , 21 which aie supported by the expel iments le- 
ported heie, it is assumed that a gap m the ossiculai chain 
of a human eai must pioduce equal 01 similai lesults 

If the incus be lemoved and the malleus and tympanic 
membrane lemam m then noimal positions, they bung' about 
one condition undei which the tiansfoimei action of the 
middle ear mechanism cannot be fully lestoied In the fenes¬ 
tra ovalis opeiation, as pioposed by Rosen, 1011 the malleus 
and tympanic membiane aie usually left m then noimal posi¬ 
tions, wheie they act as an attenuatoi of the incoming sound, 
the attenuation being of the oidei of 15 db 11 This loss cannot 
be lecoveied as long as the malleus and tympanic membrane 
remain m position and a gap exists between them and the 
mnei eai 

The lecovery of cochleai responses aftei reconsti uction 
of the ossicular chain (see Fig 2) is significant m two ways 
fust, it supports the rationale of stapes mobilization 1 - 8 and 
similai opeiations 23 foi otoscleiosis, and also of tympano- 
plastic suigery The efficiency of these proceduies depends 
upon success m l econsti uctmg the tiansformei action of the 
ossicular chain as it normally exists, second, the posterior 
ligament of the incus and capsulai ligaments of the mcudo- 
stapedial and malleomcudal articulations seemed to play a 
minor lole m transmission of sound All these ligaments 
can be bioken and the incus displaced, upon leconstruction, 
however, the cochleai lesponses may return to the leference 
level This indicates that the functional pioperties of the 
incus duung transmission of sound depend more on its con¬ 
tiguity with the malleus and stapes than on their attachments 
The importance of these attachments, as conceived by Helm¬ 
holtz,=* Dahmann 15 and otheis, seems to have been over¬ 
emphasized 

S Removal of Incus and Stapes These experiments were 
done because thev lepresent a modification of the fenestra 
ovalis operation, as proposed by Rosen 11 Removal of the 
stapes is equivalent to making a fenestia ovalis in the human 
being as laige as the o\al window 

The lesults showed that the impaiiment of cochleai le- 
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Fig 3 Cat A-465 Effect of removal of Incus Thresholds of CMjost 
42 db or more The records In the left column are r e £erenc 200^ pips 

sine tales at 74 db aboie threshold of CM. and 8 000 c p us were 
at 76 db above threshold of AP The losses after removal records 

93 and 84 per cent respectively This can be estimated from the 
on the right column 


leference level Changes in amplitude of both CM and AP 
can be estimated fiom the recoids shown on the right column 
of Fig 3 

Commentary The impaiiment of lesponses following i e 
moval of the incus is due to the same factors that pioduce a 
thieshold shift when the mcudostapedial joint is simply is- 
articulated Fiom the lesults of Wevei and Lawience, 1 - an 
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Fig- -1 Cat A-454 Effect of simple mechanical fixation of stapes 
Records In left column are reference for amplitude of CM and AP for 
2 000 cps sine waves at 66 db above threshold and 6 000 cpi tone pips 
at 67 db above threshold respectlvelj Curv es and other records represent 
the following Fixation of stapes with 10 gm Curt e A and Records 1 and 
4 Fixation vv ith 20 gm Curte B and Records 2 and 6 Fixation with 30 
Btn Curve C and Records 3 and 6 Removal of weight. Curie D and 
Records 7 and 10 Removal of Incus w ithout fixation of stapes Curve E and 
Records 8 and 11 Finallv fixation of stapes without incus Curve F and 
Records 9 and 12 
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sponses due to ablation of incus and stapes togethei was 
of the same oidei of magnitude as lemoval of incus alone 

Commentary These experiments indicate that a fenestra 
ovalis of the size of the oval window, leaving malleus and 
tympanic membrane undistuibed, produces a loss in cochlear 
responses larger than simple elimination of the tiansfoimei 
action At least some of the reasons foi this impaiiment 
are those just mentioned 

This 01 similar piocedures had been used in the past foi 
suigical treatment of otoscleiosis The appioach pioved to 
be unsatisfactory and was abandoned The reasons for its 
failure are now understood 

C Mechanical Fixation of Stapes 

The mechanical device for fixation of the stapes was ai- 
langed m such a manner that the direction of the pulling 
force acted appi oximately paiallel to the mam axis of the 
antenoi cius Avoiding contact of thread and/or hook with 
surrounding tissues reduced frictional forces to a minimum 
Because of the anatomical anangement and dnection of 
acting foice, we assumed that the anterior legion of the 
footplate was leti acted appreciably 

The weight of hook, thread and scale pan was 08 gm 
Attachment of this mechanical device pioduced mmoi losses 
m both thresholds and maximum voltage of cochleai responses 
Most of the expei iments m mechanical fixation made use of a 
maximum weight of 30 gm This criterion was adopted be¬ 
cause of limitations imposed by lesi stance of the stapes which 
usually bioke with a weight of 40 gm 

Addition of weights m steps of 10 gm each produced a 
chaiactenstic pattern in cochlear lesponses, as Fig 4 illus¬ 
trates Curves A, B and C lepresent threshold shifts of CM 
aftei adding 10, 20 and 30 gm respectively The impaiiment 
mci eased fiom high to low tones Fixation with 30 oi 40 
gm pioduced a loss of 15 to 20 db for high frequencies, 35 
to 40 db for the middle lange, and no responses weie seen 
for the low frequencies Changes m maximum voltage of CM 
aie lllustiated in Recoids 1, 2 and 3, which coirespond to the 
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fixation of the stapes with mcus removed lepiesents the 
combined action of seveial factois 

«. Removal of mcus eliminates the tiansformei action of the 
middle eai mechanism winch accounts foi 28 db 

b Malleus and tvmpanic membiane absorb and leflect 
acoustic eneigy This shifts the sensitivity curve to about 
40 db loss 

c Mechanical fixation of stapes mci eases stiffness le- 
actance and fuctional lesistanee which add to the previous 
factois 

d The level latio of ossicular chain is definite!y lost 

e Mechamcal fixation of the stapes pioduces a blocking 
effect m the oval window and consequentlv the sound piessuie 
is applied only m one window, i e, the lound window Since 
theie is now no point of piessuie dischaige, the mass dis¬ 
placement of cochleai fluids necessary foi stimulation of 
sensory organs eithei cannot take place oi is laigely i educed 

Combination of all these factois pioduces the lesidual 
heaimg illustiated by C'ui'ie F (sensitivity of CM) and 
Recoids 9 (amplitude of CM) and 12 (amplitude of AP) of 
Fig 4 

This mteipietation may be consideied to be a lestatement 
of that given by Wevei - 2 aftei sevei al expel iments on blocking 
the lound and oval windows 

D The Fenestia Ovahs 

Exposuie of the footplate of the stapes in the cat is a minoi 
suigical pioblem A wide view of it can be obtained by 
lemovmg the attic bone as close to the posterior ligament 
of the mcus as possible and dulling down the facial canal 

The fenestia ovahs was made with a steel wire which was 
sharpened with sand papei to a diametei of about 100 microns 
at the tip The holes veie megulai m shape and of a size 
laigei than the stilet Sometimes the fenestration pioduced 
fiactuies v Inch occasionally extended to the margins of the 
footplate The fenestra ovahs was pieferablv made near 
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effect of fixation upon CM foi 2,000 c p s with 10, 20 and 30 
gm , lespectively The losses weie 5 to 10 db foi high fie- 
quencies and 25 to 30 foi the middle lange 

The aveiage loss m thiesholds of AP aftei fixation with 
30 gm was 16 db Changes m amplitude can be estimated by 
the Recoids 4, 5 and 6, which conespond to the effect of 10, 
20 and 30 gm , lespectively Notice that the amplitude of 
AP was little affected by the mci easing weight 

All the cuives and lecoids shown in Fig 4 belong to one 
animal, which was consideied to be i epi esentative of this 
senes Slight vanations m both sensitivity and maximum 
voltage of cochleai lesponses weie found fiom animal to 
animal 

The question whethei fixation of the stapes may have some 
tiaumatic consequences was exploied in many cases by ie- 
moving weight and mechanical device Aftei this the ie- 
sponses fully lecoveied the lefeience level, as Fig 4 lllustiates 
Cwve D conesponds to sensitivity of CM, Recoid 7 to maxi¬ 
mum voltage of CM at 2,000 c p s and Recoid 10 that of AP 
at 8,000 c p s 

The impaiiment pioduced by fixation of the stapes with 
30 gm mci eased consideiably aftei lemoval of the incus The 
losses in sensitivity and amplitude of both CM and AP weie 
consistently Iaigei than 50 db These findings aie shown m 
Fig 4 Cwve E (sensitivity of CM), and Recoids 8 (ampli¬ 
tude of CM) and 11 (amplitude of AP) conespond to the 
effect of lemoval of incus only Subsequent impaiiment of 
fixing stapes with 30 gm is shown by Cwve F and Recoids 
9 and 12 

Commentary The lesults on simple mechanical fixation 
of the stapes without othei lesions of the ossiculai chain, 
confnmed the findings of Smith 20 The mcieasing impaii¬ 
ment fiom high to low tones is due to "the fact that fixation 
of stapes adds a gieat amount of stiffness as well as fnctiona 
lesistance to the moving system ” 1S 

The piofound impaiiment in sensitivity of CM following 
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Commentary These obseivations aie interesting because 
they showed that the footplate is very buttle The perforation 
with a stylet may pioduce fiactures which extend to the mai- 
gms, and both size and shape of the hole aie unpiedictable 
It is possible that in human subjects the fenestia ovahs may 
pioduce fiactuies which act as a stapes mobilization 

The fact that the fenestia ovahs pioduced a stieam of pen- 
lvmph which filled the oval window niche is important be¬ 
cause this fluid and the fluid of the mnei eai make a continu¬ 
ous medium thiough the fenestia The significance of this 
observation will be piesented m a following paiagiaph 

E Effects of Fenesti a Ovahs 

1 Normal Pi epai ations 

The fenestia ovahs peifoimed in a normal ossiculai chain 
in geneial pioduced mmoi changes in cochleai lesponses In 
some animals the lefeience level was not modified duimg 
1 to 2 houis of observation, while in otheis sensitivity of 
CM may lose 10 db at some fiequencies These changes 
weie obseived m low and middle tones while high fiequencies 
consistently lemamed unchanged 

Commentai'y These pi epai ations aie important because 
they showed that a caieful performance of the fenestia ovalis 
was not accompanied by immediate damage to the sensory 
oigans This is tiue only foi acute pi epai ations The loss 
of as much as 10 db , which was observed in some fiequencies 
of some animals, may be lelated to fiactuie of the footplate 
and accumulation of fluid in the oval window and tympanic 
cavity 

2 Injury of Ossiculai Chain Without Fixation of Stapes 

The pioceduie consisted of cieating a fenestia ovahs fust 
and then severing the ossiculai chain m seveial ways, oi vice 
veisa 

The lesults weie essentially the same as m the senes m 
which the ossicular chain was damaged v ithout fenestration 
of the footplate A case is lllustiated m Fig 6 Cm ves A and 
E lepresent thresholds and maximum \oltage of CM aftei 
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the postenoi crus, but in some animals it was located m the 
centei In many expenments it was enlaiged once 01 twice 
m 01 del to con elate its size with cochleai lesponses The 
fenestia ovahs was always followed by a stieam of perilymph 
which filled the oval window niche and sometimes lan into 
the attic and/oi tympanic cavity In oui expenments it was 
not possible to keep the oval window niche fiee of penlymph 
longei than a few seconds 



Fig 6 Samples of fenestra o\alis made in the footplate of stapes in 
the cat A Small fenestra after perforating the footplate just once Arro” 
points to a fracture which extends to the margin Enlargement of Ienc L, fh 
o*alls produced generally holes of the same shape but assoclatea 
se\eral fractures B Thfs unusual fenestra o\ ails wns found in otie 
The hole was enlarged twice Unstained X50 


In six animals the tempoial bones weie lemoved at the end 
of the experiment and fixed in Heidenham-Susa solution 
Subsequently the stapes and flame of the oval window weie 
caiefully dissected and mounted m thick Canada balsam foi 
photogiaphic lepioductions and micioseopic measuiements of 
the fenestia ovahs Fig 5 shows two diffeient footplates 
with two kinds of fenestiae, as seen fiom the vestibulai side 
The aiea of the fenestia ovahs vaned fiom 0 075 mm - (Fig 
4-A) to 0 320 mm 2 (Fig 4-B) 
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ovalis in a mobile stapes did not lestoie the tiansformei 
action winch had been alteied bv injury to the ossiculai cliam 
Even aftei lemoral of the malleus and tvmpamc membiane, 
the losses exceeded those pioduced bv simple elimination of 
the tiansfoimei action of the middle eai mechanism The 
cause of impaiiment following injury of the ossiculai cham 
has alieady been explained 

S Ossiculai Chain Intact with Fixation of Stapes 

These conditions aie shown m Fig 7 The fieehand dial¬ 
ing fiom a piepaiation shows undamaged ossiculai chain, the 
hook anchoied on the neck of stapes and a simplified fenestia 
ovalis neai the postenoi crus 

The impairment of thiesholds and maximum voltage of 
both CM and AP pioduced by mechanical fixation of the 
stapes lemained essentiallv unchanged aftei the fenestia 
ovalis Some animals showed unpiovement of about 5 db 
foi thiesholds of CM, others, like the one lllustiated in Fig 8, 
presented losses of as much as 10 db Cuiie G lepiesents 
thieshold shift of CM aftei fixation of the stapes, and Cm xe 
H the furthei shift following the fenestia ovalis The corre¬ 
sponding changes m maximum r oltage of CM foi 1,000 c p s 
aie shown on Recoids 4 and 5, and those foi 4,000 cps m 
Recoids 6 and 7 Recoids 8 and 9 illustiate changes m AP 
Notice m Fig 8 that cochleai responses lecoreied the lefei- 
ence level aftei lemoval of weight Tins is shown bv Cuiie 
I and Recoids 10, 11 and 12 

The size and location of the fenestra oralis did not produce 
changes which weie different fiom those alieady descnbed 

Aftei fixing the stapes with 30 gm and ci eating the 
fenestia oralis, the attic was closed with dental cement m 
seveial animals The lesults showed impanment similai to 
that seen with attic open 

Commentaiy This senes cleaily demonstiated that the 
fenestia oralis did not lestore the losses pioduced bv fixation 
of the stapes, theiebv indicating that the tiansformei action 
of the middle ear mechanism is a necessarr condition for 
noimal healing as measured at the penpheial lerel 
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Fie 6 Cnt A-403 Effect of fenestra ovalls v Itli Injury to the ossicular 

chain Stapes not fixed Curves A and B represent thresho dB and nm 
mum voltage of CM after fenestra ovalls alone D i 8 cl n £ 1 t ' c “! | n i! 0 " e °L c theh 
stapedial joint produced losses represented by Cur\es B nnd F respec 
Removal of incus Cur\es C and G and removal of remaining- malleus 
Umpanic membrane Curves D and H 


the fenestia ovalis alone Disaiticulation of the incudo 
stapedial joint pioduced a thieshold shift of CM of a on 
40 db oi moie foi most fiequencies (Curve B) These losses 
mci eased when the incus was lemoved (Curve C) Fina >, 
when malleus and tympanic membiane weie extnpated tines i- 
olds impioved (Cwve D) , howevei, the final loss e *^ ede 
40 db The conespondmg changes m amplitude of CM ai 
shown m Curves F, G and H Sensitivity and amplitude o 
AP followed a similai pattern 

Commentary This senes demonstiated that a fenestia 
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Fig- 8 Cat A-45S Effect of fenestra otalls Mlo^ Inff tlxatlo^no^ stapes 

with 30 gm Ossicular chain "as not damaged Keco threshold Record 2 
tude of CM for 1 000 cps sine sates at G7 db abate reference 

reference for 4 000 c p s at 59 db abot e thre ”J’°}d 'PP? ^.^PL^nr'thresh 
Of AP for 8 000 c p s tone pips at 71 db abot e threshold Curwsfortbr^h^ 
olds of CM and other records represent t h ef ° 11 o "In g F lx a t Ion o f SUtP 
"1th 30 gm Curt e G and Records 4 G and 8 ^Rer fenestra ovahs t ur%e 

H and Records 5 7 and 9 Remoial of tt clK fL? n ' „ 1 £ forcerthan the 
and 12 Notice that amplitude of CM for 4 000 cps Is larger than 

reference bv 1 s db 


4 Removal of Incus and Fixation of Stapes 

Fig 9 is a freehand drawing of the ossiculai chain aftei 
removal of mcus and creation of the fenestia ovalis As 
demonstiated before, removal of incus alone pioduced a 
consideiable loss in thiesholds and maximum voltage of both 
CM and AP After removal of mcus and fixation of stapes, 
the impairment exceeded 50 db loss foi all frequencies In 
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Fig 7 Freehand drawing - of the ossicular chain show inethe^placerne^ 

of hook for mechanical fixation of stapes and' £ligament of incus 
A. malleus b incus c fenestra o\alis d posterior 


A. malleus b incus c fenestra o\ alls 
e hook for mechanical fixation of stapes 


The question of whethei fixing- the stapes and ci eating the 
fenestia ovahs may pioduce some injury m the con uc iv 
mechanism and/oi sensoiy oigans was luled out eca 
cochleai responses lecoveied the lefeience level a ei 


moval of weight 

Factois such as attic open 01 attic closed did not n™difj 
the impairment already established Similarly size an ^ 
tion of fenestia ovahs seemed not to be ciitical fact 


this type of piepaiation 
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Fie S Cat A 45S Effect of fenestra ovalis following: fixation of stapes 
with 30 gm Ossicular chain was not damaged Record X reference ampli¬ 
tude of CM for 1 000 cps sine nates at 67 db abo\e threshold Record 2 
reference for 4 000 cps at 50 db above threshold and Record 3 reference 
of AR for 8 000 cps tone pips at 71 db above threshold Curves for thresh¬ 
olds of CM and other records represent the following Fixation of stapes 
with 30 gm Curve G and Records 4 C and S After fenestra ovaiis Curve 
H and Records 5 7 and « Removal of weight Curve I and Records 10 11 
and 12 Notice that amplitude of CM for 4 000 cps Is larger than the 
reference bv is db 


h Removal of Incus and Fixation of Stapes 

Fig 9 is a fieehand dialing of the ossiculai chain aftei 
lemova] of incus and cieation of the fenestia oialis As 
demonstrated befoie, lemoval of meus alone pioduced a 
consideiable loss m thiesholds and maximum voltage of both 
CM and AP Aftei removal of incus and fixation of stapes, 
the impairment exceeded 50 db loss foi all fiequencies In 
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Fig* 9 Freehand drawing- of ossicular chain after remo\al of Incus 
For simplicity hook for mechanical fixation was not included a malleus 
b facial canal c simplified fenestra oralis d tendon of stapedius muscle 
e posterior crus of stapes f nnterioi cius of stapes 


geneial, this lesult was favoiably modified by the fenestia 
ovahs 

Changes m thiesholds of CM of a repiesentative case aie 
illustiated in Fig 10 Ctirve J shows the thieshold shift aftei 
fixation of stapes alone, and Curve K that aftei lemoval of 
incus alone When lemoval of the incus was followed by 
fixation of the stapes thiesholds shifted to Cwve L Aftei 
the fenestia ovalis was cieated, thiesholds impioved to Curve 
M, and when the fenestia was enlaiged, thiesholds showed 
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Fig- 10 Cat A-455 Effect of fenestra oralis on thresholds of CM after 
fixation of stapes and removal of incus. Fixation of stapes with 30 gm. 
Curve J Incus remo\ ed without fixation of stapes Cune K. Incus re¬ 
moved plus fixation of stapes with 30 gm Curve L Curve M, fenestra 
ovalis plus fncus removed and stapes fixed Curve X the fenestra was 
enlarged twice 


furthei impiovement, Cwve N Final losses exceeded the 40 
db level 

Threshold shift of AP pioduced by fixation of the stapes 
and removal of the incus was also favoiablv modified, but 
the final loss was about the 60 db level 

Changes m amplitude of both CM and AP can be estimated 
from the lecoids presented m Fig 11 The fenestia o\ alls 
impro\ed the losses pioduced bv fixation of the stapes and 
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Fig 11 Cat A-455 Effect of fenestra ovails on a m pi it u de o C1 a »<> 
AP The records on left column are reference 2 000 £ P a Lho "e threshold 
74 db abo\e threshold and 8 000 c p 8 tone pips at 7 _ b 7 remo'al 

Records 1 and 6 fixation of stapes with SO trm ^^or^s - aim ^ lncUB 

of incus without fixation of stapes § e ^ or ^ s « 3 ia a I?5? artefact Records 4 
and fixation of stapes The hump in Record 8 is an artef ct c( £j s 5 an d 
and 9 fenestra oralis plus Incus remo\ ed and stapes fixed 
10 the fenestra oralis was enlarg-ed tnlce 


lemoval of the incus by a few decibels Nevertheless, the 
losses weie 90 pei cent 01 moie of the lefeience 


When the sound stimuli weie applied thiough the attic 
instead of the external eai the losses alieady desciibed wei 
sometimes deci eased by a few decibels A similai effec 
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obtained by removing both malleus and tympanic membiane 
or by creating a perfoiation m the tvmpamc membiane 

Commentary The losses pioduced bv fixation of the stapes 
and remoral of the incus weie definitely deci eased by a 
fenestra ovalis, howevei, the final loss remained larger than 
40 db As m the previous senes these findings do not support 
the proposition of Rosen 1011 

The furthei improvement that was observed after removal 
of malleus and tympanic membrane, or after creating a per¬ 
foration m the tympanic membrane, oi when sound was intro¬ 
duced through the attic is due to the same condition that 
is, elimination of attenuating effect pi oduced bv the pi esence 
of malleus and tvmpamc membrane 

The impiovement of cochleai responses by the fenestra 
ovalis after fixation of the stapes and removal of the incus is 
more difficult to explain Wien the stapes is fixed and the 
incus removed, incoming sound has access mainlv to the round 
window In other words, stiffness and frictional resistance 
aie added to the stapes and, furthermore, mobilization of inner 
eai fluids is laigely i educed because of the blocking effect ’ 
Now, the fenestra ovalis produces a stream of perilvmph which 
fills the oval window niche, theiebv the surface of perilvmph 
reestablishes the aiea of this window Innei ear fluids and 
fluid m the oval window niche make a continuous medium 
thiough the fenestra ovalis' As a consequence the blocking 
of the oral window is eliminated, and stiffness and frictional 
resistance no longer plav a role at tins Ie\ el The fenestra 
ovalis seemed to produce the same effect as in the senes 
nheie the incus was removed, but the stapes was not fixed 
In both series the incoming sound has access to both windows 
and their counteiactne effects will largelv depend upon their 
phase l elation 

In the series where the stapes was fixed and ossicular 
chain remamed intact the fenestra oralis has no fararable 
effect, because sound is mainlv conducted through on intact 
but orarloaded ossicular chain This orarloading is not modi¬ 
fied by the fenestra oralis 



1906 


FERNANDEZ, ET AL FIXATION OF STAPES 


foimei action of the middle eai mechanism has been alteied, 
theiefoie, the pioposition of Rosen , 10 ’ 11 that "the tiansfoimei 
action of the intact ossiculai chain is a sufficient but not a 
necessaiy condition foi noimal and neai-noimal healing," 
is not supported by these expenments 
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OTOLOGIC EVALUATION IN CLEFT PALATE 
PATIENTS *f 

Emanuel M Skolnik, M D, 

Chicago, Ill 

The mci easing concern foi the complex and many faceted 
needs of the child with a cleft lip and palate, particulaily m 
the domain of speech disoideis, has necessitated the oigani- 
zation of a caiefully designed mtegiated piogiam of diveise 
piofessional talents stuvmg towaid a common goal—effective 
caie on a longitudinal basis to obtain supenoi functional xe- 
sults The otolaryngologist, m particulai, is possessed of the 
piopei gioundmg m the suigical anatomic and physiologic 
natuie of the contiguous stiuctuies to lendei a most valuable 
seivice in the total lehabihtation of such a patient 

C^gmce good healing is essential to learning to speak, it is 
obvious that any heaung loss due to diseases of the eai is an 
obstacle to the patient’s acquisition of good speech and is of 
pumaiy concern to all who aie engaged in the caie of the 
cleft palate patient The split m the velum alteis physiologi¬ 
cally the muscles 1 elated to the Eustachian tube, thus making 
the child vulneiable to fiequent attacks of otitis media 

“^The tonsil and adenoid pioblem so often the subject of 
contioveisy m the case of a normal child, deseives judicious 
evaluation when the child has a cleft palate since the lymphatic 
stiuctuies aie an mtegial component of the velopharyngeal 
mechanism foi the development of normal speech 

^ Congenital defoimities of the external eai and nose with 
lesultant nasal obstiuction, as well as the type of cleft and 
status of the patient, may play a significant lole m the final 
analysis of the auditory state, howevei, the management of 
the multiple phase pioblem of auditory deficiency lelative to 

'Presented as Candidates Thesis to the American Larj npologlcnl Khlno 
Iogrtca! and Otologica.1 SocleU 1957 . 

Editors Note This manuscript recelted in The Laryngoscope Office 
accepted for publication April 24 1958 _ ntnr 

IFIgures and photographs are from the files of the Cleft Palate Ce 
of the Unhersity of Illinois College of Medicine 
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the condition of a cleft palate is mainly one of healing loss 
It is essential to know vhethei the loss of heaung is pio- 
giessive and whethei the speech development will be le- 
stucted by the heaung deficit 

The puipose of this papei is to leport the lesults of a 
suivey of the eai pathology and audiological findings m pa¬ 
tients -with clefts of the lip and palate, and to analyze the 
factois 1 elated to the pathogenesis of eai disease in tins 
congenital anomaly 


HISTORICAL 

In 1878, Alt 1 leported on the “Cuie of Deafmutism bj Suc¬ 
cessful Treatment of Otonhea and Congenital Cleft Palate” 
Thoungton, 2 in 1892, leported a case of "almost total destiuc- 
tion of the velum palati coirected by an artificial soft palate, 
pioducmg not only gieatlv impioved speech, but an immediate 
increase of audition ” Then in 1904, “drainage of milk 
thiough the eai m an mfant with congenital cleft palate” 
was i eported by Vai lot 3 

The importance of good heaung in the phonetic lehabihta- 
tion of cleft palate patients was recognized eaily In 1893, 
Gutzmann 4 observed that about half of his cleft palate patients 
had heaung distuibances which accounted foi a fiequent 
failuie of speech theiapy Lannois 5 was piobably the fust to 
appioach the pioblem of the status of the middle ear relative 
to cleft palate m 1901 Brunck,° m 1906, emphasized the 
need foi a thoiough otolarvngologieal examination m the 
phonetic collection of cleft palate patients because of the 
high percentage of inflammatory changes involving the uppei 
airways and middle eai of these patients Intioducmg the 
term “submucous cleft palate,” and making a thoiough in¬ 
vestigation of this congenital anomalj, Kellv,' _an otolaryn¬ 
gologist, in 1910 i eported that 15 of 19 cases_had eai_difficultv 
associated with nasal catanh Rendu” associated cleft palate 
with ^ongemtartafTesia of both external auditor} canals and 
ludimentary auncles m 1912 Boiel, 0 m hei stud} on the 
physiology of phonation and speech theiapi m cleft palate 
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patients, discussed otogenic phonetic distuibances, then coi- 
rection and auditoiy le-education 

Pagnamenta 10 made an analysis of 150 postopeiative cleft 
palate patients, and found that 30 pei cent had healing loss, 
howevei, he also observed that the seventy of the cleft was 
paiallel to the mciease m seventy of heanng loss Seelei 11 
stiessed the impoitance of systematic speech theiapy in cleft 
palate patients dnected towaid impiovmg the efficiency of 
the palatal and tubal musculatuie, and the avoidance of pei- 
sistent closuie of the tube Segie 12 studied the piessuie 
changes m the middle eai of cleft palate patients dunng 
lespnation and deglutition and maintained that m these 
patients the tubal opening has a paiadoxical behavioi—usual¬ 
ly opens and closes dunng swallowing Opposite conclusions 
weie leached by Meissnei, 13 who made an analysis of 213 
cleft palate patients whose ages vaned between 10 and 35 
yeais He found heanng distuibances m 27 pei cent of his 
cases, but only 17 pei cent of them had peifectly noimal eais 
The basis foi these findings is a persistent closuie of the 
Eustachian tube due to physiopathologic changes in the velo- 
tubal musculatuie No lelationship was found by Meissnei 
between eai pathology and the seventy of the cleft 

'^/Beatty, 14 m dealing with pre- and postopeiative manage¬ 
ment of cleft palate patients, lecognized that seven pei cent 
of his patients had infections of the eai oi sinuses while 
undei surgical obseivation He pointed out how lemaitable 
is the small peicentage of eai and sinus disease m these 
patients, consideung the distuibance of noimal physiology 
of the nasal and oi al cavities, often in association with ma - 
nutntion, dehydiation and impiopei feeding methods 

Moie lecently, Sataloff and Fiazer 35 analyzed 30 clnldien 
with cleft palate, and l elated the veiy high incidence of eai 
pathology and heanng loss (90 pei cent) to hypeiplasia o 
tonsils and adenoids They suggested eaily adenoidectomy > n 
infancy to pieseive the heanng Nassy, 10 of the Netheilan s, 
studied 70 childien and 40 adults with cleft palate and four 
that 61 pei cent of them had heanng disoideis and eai 
pathology He suggests a distiubance of the function of ’ e 
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Eustachian tube and that the fiequency of eai disoideis de¬ 
pends on the size of the cleft He made a plea foi eailv 
closure of the cleft, speech training’ and legulai treatment of 
eai, nose and throat pathology Halfond and Ballengei 1 " 
analyzed the audiological and otological findings of 69 cleft 
palate patients and found that 50 pei cent oi moie have heal¬ 
ing loss, howevei, no definite lelationship could be estab¬ 
lished between hearing loss and the type and width of the 
cleft, suigical oi non-suigical closuie, nasal pathology, oi 
hyperplasia of lymphoid tissue 

METHOD OF APPROACH TO ANAL1SIS 

Tins study was earned out ovei a penod of eight veais 
and the data weie denved fiom a study of hundieds of pa¬ 
tients with clefts of the lip and palate Foui hundied and 
one of these individuals received a complete otolaryngological 
examination, and constitute the basis foi this investigation 
and piesentation 

The otolaryngological examination included the following 
suivey 

A History pertaining to 
^Jtythevious ear disease 

2 Age of first attack and fiequencv of eai infection 

S Fiequency of uppei lespnatory infections 

4 Frequency of soie thioat (tonsillitis) 

5 Relationship of uppei lespnatory infection and soie 
thioat to eai infection 

6 Suigical lemoval of tonsils and adenoids, age of opeia- 
tion and significance lelatiye to eai infection 

7 Piesence of alleigic factois of the uppei head space 

8 Relationship of giowth of individual to eai infection 

9 Contagious diseases and then lelationship to ear infec¬ 
tion 

10 Closure of the palate and the lelationship to ear infec¬ 
tion 
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11 Inseition of a speech aid and the relationship to uppei 
lespnatoiy infections, sole thioat and eai infection 

12 Healing loss, onset and couise 
, B Otological evaluation 

1 Configuiation of auncles 

2 Patency and configuiation of external auditoiy canals 

3 Tympanic membianes— 

a Landmaiks and light leflex 
b Evidence of leti action 
c Scan mg 

d Peifoiations (site and size) and 
e Natuie and amount of secietion 

C Rhmological evaluation 

1 External configuiation (doisum, alae, columella, naies) 

2 Condition of the vestibule 

3 Septal defoimity (deviations, lidges, spuis) 

It Coloi of mucosa and size and lesihence of tuibmates 

5 Piesence of abnoimal secietions 

6 Patency of an way 

D Phaiyngolaiyngological evaluation 

1 Type of cleft palate, width, and condition of adjacent 
tissues 

2 Neuiomusculai function of velum and pharynx 

3 Piesence, size, site, and condition of tonsils and adenoids 
U Relationship of tonsils to movement of soft palate 

5 Relationship of tonsils to dimension of oio-phaiynx 

6 Relationship of nasophaiyngeal lymphoid tissue and 
nasal obstruction 

7 Evidence of laiyngeal anomalies 

S Size and position of tongue (glossoptosis) 

9 Configuration, coloi and movement of phaiyngeal and 
laiyngeal stiuctuies 

10 The an way 
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E Laboiatory pioceduies 

1 X-iay studies of mastoids (Schullei-Law, Stenvei, Towne 
and Mayei’s view) and sinuses (Caldwell, Watei and lateials) 
was earned out when pathology was suspected 

2 Lammogiapluc studies of the nose and nasopharynx 
when indicated 

F Functional examination 

1 Vestibulai evaluation perfoimed m piesence of seveie oi 
peiceptive hearing loss 

2/Heai mg evaluation m patients with— 
a Congenital anomalies of the eai 
b Historv of lecunent eai infection 
c Evidence of middle eai pathology 
d History of contagious diseases that might i elate to the 
ears 

e Clinical evidence of mnei eai d\ sfunction 

3 The healing evaluation included— 

Conveisational and whispeied voice 
b Tuning folks 
c Puie tone audiometry 

d Speech leception thieshold and disci lmmation tests 
(bmauial m fiee field and monauial with eai phones) 
when advisable 

''Healing evaluation m pieschool clnldien was peifoimed 
by conditioning the child to execute a certain movement when 
puie tones, the name of tojs, oi low (“go”) and high pitched 
(“sh”) sounds weie tiansmitted to him thiough a loudspeakei 
or eai phones Bj tiansmittmg these sounds at diffeient 
loudness levels a fanlv accurate hearing evaluation could be 
made If a child was seveiely deaf, leflexes weie studied 
when pioducmg veil loud noises (tom-tom, bells, wdnstles, 
etc ) In instances of seieie mental letaidation, oi in brain 
lnjuied clnldien, the lesponses to auditory stimulation dur¬ 
ing electioencephalogiaphv weie observed The psichogal- 
lamc skm lesistance test was emploved onlj as a contiol 
when advisable 

- To furthei document data lefeiable to growth and develop- 
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ment of the head associated with this anomaly, eephalometnc 
loentgenogiaphy is employed The mstiument foi onented 
eephalometnc loentgenogiaphy consists of a firmly-based 
head-positioning device and two X-iay tubes m fixed relation¬ 
ship to the head-positionei (see Fig 1) Tins anangement 
piovides a constant position of the head m 1 elation to the 



Fig 1 Specialh designed cephalometer The X-raj tube for the frontal 
film Is concealed within the cabinet betneath the head holding" a©'ice 


souice of X-iays, theiefoie, it becomes possible to lepioduce 
the same lateial and posteio-antenoi views of the head at 
desned mteivals The lesultant films aie then placed on 
a tians-illurmnated tiacmg table and coveied with thin tiacing 
papei The bony stiuctuies visible on the film, as well as 
the outlines of the soft tissue pi of lie, the phaiynx, soft palate 
and the tongue aie traced onto the papei Wheie it is desned 
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to study the changes incident to giowth 01 the movements 
duimg phonation, one tiacmg is superimposed on the othei 
The loentgenogiaplnc studies aie facilitated by sedating the 
youngei clnldien 

This survey does not lepiesent a leseaich pioject to piove 
a certain thesis T he objective is to lenort the eai patholo gy 
a Sd_AudlfllogL<^^fLMlllg3 in 401 individuals with cleft lips 
and palates obseived in a peiiod of eight yeais, furtheimoie, 
the study was not stuctly limited to obseivations of diseases 
of the eai, nose and tin oat Accoidmg to the concept of 
total patient caie, and in oidei to stimulate mterpi ofessional 
undeistanding of the defect, the eai pathology was 1 elated to 
the genetic heiitage, metabolic climate, giowth and develop¬ 
ment pattern, and to the suigical and non-suigical modalities 
of rehabilitation 

ANOMALIES OF THE EAR IN CLEFT PALATE PATIENTS 

'^''f'he association of cleft palate and othei physical malfoi rela¬ 
tions, particularly due to anested development, has been 
fiequently obseived, howevei, as fai as the congenital anom¬ 
alies of the eai aie concerned, very few cases have been 
leported, and no renpiession of its aveiage incidence of oc- 
cunence has been given 

Fogh-Andeisen ls m a study of 1013 patients with cleft lip 
oi cleft palate leported seveie malfoirelations in moie than 
ten pel cent, with tlnee oi moie laie abnoimahties piesent 
m a gieat numbei of infants He obseived also a patient 
with deft lip and palate associate d with ciamoschisis and 
atiesia of the amides, a child with cleft palate, atiesia of the 
auncles and syndactilism, and a case of cleft hp with mal- 
foimation of the auncles Ivy 10 lenoited about 11 nei cent 
o f othei con genital anomalies in the cleft hp oi cleft palate, 
patients obseived in Pennsylvania 

Among the 401 patients piocessed thiough this study , 62 
(15 pel cenTT exhibited othei congenital anomalies (Schem e 
I) The numbei of instances of mandibulai miciognathia 
and uppei and lowei limb malfoimations is consideiable 
Twelve of the patients piesented the svndrome of Piene 
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Robin (hypoplasia of mandible, cleft palate, glossoptosis, 
lespnatoiy difficulty and malnutntion) 

The patients with mandibulai miciognathia and the ma- 
jonty of the othei malfoimations piesented a cleft of the 
haid and soft palates (53 pei cent of 62 cases) Fogh-Andei- 
sen 18 divided his cases into “hei editaiy” and “sohtaiy,” ac- 

SOHEME I 

CONGENITAL ANOMALIES IN CLEFT PALATE PATIENTS 
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othei anomalies associated with cleft palate cases m which a 
heieditaiy lelationslnp could be demonstrated This cone- 
sponded to Fogh-Andei sen’s obsei*vations 

Anomalies of the eai weie noted m eight, of the cleft, palate 
patients, 01 2 nei cent of all the cases. 01 13 pei cent of t he 
associated anomalies Mild anomalies, such as pointed eai, 


SCHEME II 

ANOMALIES OF THE EAR IN CLEFT PALATE PATIENTS 


Aasoclated Anomalies 


Anomalies of the Ear 


1 Deformit' of the Auricles 


2 Deformity of the auricles and 
stenosis of external auditorv 
canals 

S Deformit' of the auricles and 
displacement of the right ex 
temal auditorv canal 

4 Microtia and stenosis of exter 
nal auditor' canal right 

5 Microtia displacement and ste¬ 
nosis of external auditors canal 
right 

6 Microtia and atresia of external 
auditor} canal right vith ste¬ 
nosis of external auditor' canal, 
left 

7 Microtia displacement and atre¬ 
sia of external auditory canal 
right with stenosis of external 
auditor' canal left 

S Atresia of external auditorv 
canals 


Cleft of the hard and soft palates 
Klippel Feil svndrome anomalies of 
the heart and rectum 
Cleft of the hard and soft palates, 
mandibular micrognathia 

Cleft of the hard and Boft palates 
mandibular micrognathia with 
Pierre Robin svndrome 
Unilateral cleft of the lip and pal 
ate right 

Unilateral cleft of the lip and pal 
ate left asvmmetr' of the face 
right anomal' of the heart 
Cleft of the soft palate 


Cleft of the soft palate as' mmetr' 
of the face right peripheral facial 
paral'sis right 

Bilateral cleft of the lip and palate 
optic atrophy 


lop eai, Damn’s tubeicle w 7 eie not included The degiee of 
involvement m the cases langed fiom a model ate malforma¬ 
tion of the auncle, atiesia of the external auditory canals, to 
the moie seveie configuiations of miciotia, melotus, asym¬ 
metry of face, oi penpheial facial paialysis (Scheme II) 

It is of inteiest that tluee cases weie associated with clefts 
of the haid and soft palates and two with clefts of the velum 
The pioblem of the pathogenic relationship between cleft 
palate and anomalies of the eai deseives moie consideiation 
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^^independent of the exact mechanism of development of cleft 
lip and palate, the importance of the mandibular aich is 
fully recognized Accoidmg to the classical theory of fusion 
of nasal and maxillaiy processes, or the theory of mesodermal 
penetration, it seems that an anest of development is signifi¬ 
cant m the pathogenesis of clefts of the lip and palate In 
particular the theory of non-fusion of the palatine processes 
is for most mvestigatois still valuable to account foi the 
origin of the clefts of the haid and soft palates On the othei 
hand, it is known that the external auditory canal develops 
from the first branchial groove and the auncle fiom the ad¬ 
jacent mandibulai and hyoid aiches The Eustachian tube 
and tympanic cavity develop from the first pharyngeal pouch, 
while the malleus and incus are foimed from Meckel’s carti¬ 
lage, and the stapes from Reichert’s cartilage 


Among the cases with cleft palate, two patients aie obseived 
with unilateral miciotia and homolateial asymmetry of the 
face (due to under development of the hemimandible), and 
two patients with bilateial deformity of the auncles and 
mandibulai micrognathia This association of mandibulai, 
palatal and auriculai anomalies seems to indicate an anest 
of development involving primallly the first bianchial aich 
In fact, there is a definite parallelism between the foimation 
of the mandible and the development of the auncle m its 
movement ciamodoi sally from its onginal caudo-ventral posi¬ 
tion 

^^amck 20 has lecently analyzed the embryology, pathologic 
anatomy, and etiology of cleft hp and palate He concluded 
that the mechanism of embryogenesis is complex and that 
several factors, both mheient and envnonmental, influence 
the development of multiple anomalies Genetic factois, domi¬ 
nant, lecessive, incompletely sex-hnked, and of i educed pene¬ 
trance, have been consideied Envnonmental factors, such 
as vitamin and nutiient deficiencies, maternal diseases an 
age seem to play a part m teratogenesis Duiation, intensity 
and time of action of any agent seems to be of gieatei im¬ 
portance than the type of agent 

r^In the case of palatal and aunculai anomalies, the normal 
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development of the first bianehial aieh remains incomplete 
01 deviates Heieditaiy factois and envn onmental agents 
may be the cause of this alteied development, however, the 
obseivation that “solitary” cases of cleft palate and lip aie 
moie frequentlv associated with othei anomalies, the gieatei 
incidence of association of anomalies m clefts of the hard 
and soft palates, the pathogenesis of which has often been 
1 elated to nnciognathia and nasal displacement of the tongue, 
the statistical data of no definite mciease of othei anomalies 
in relatives of cleft palate patients indicates the possibility 
of exogenous causes interfenng with the eailv embryonic 
development It is possible that induced mutations determine 
a disturbance of growth with the consequent occunence of 
multiple anomalies due to anest of de\ elopment 

EAR PATHOLOGY AND HEARING DISTURBANCES IN CLEFT 
PALATE PATIENTS 

Several factors veie seen to be cleailr lelated to the patho¬ 
genesis of eai disease m cleft palate patients 

In Scheme III, the cleft palate patients aie classified ac¬ 
cording to six groups, five of which aie typical The atypical 
gioup includes foui cases of bilateial cleft lip and unilateral 
cleft palate, seven cases of unilateial cleft lip and bilateral 
cleft palate, two cases of unilateral cleft lip and cleft velum, 
one case of median cleft lip, bilateial alveolar ndge and cleft 
velum, foui cases of unilateral cleft lip and submucous cleft 
palate and foui cases of unilateral cleft haid and soft palate 

There is a male piepondeiance in the types of clefts in¬ 
volving the lip and a female preponderance m those imolvmg 
only the hard and soft palates The group of submucous 
cleft palate is too limited foi any sex distribution In the 
unilateral cleft lip and palate theie is a definite prevalence 
on the left side 

The numbei of cases with ear pathology, unilateral or bi¬ 
lateral, totaled 184, oi 45 8 pel cent Of these cases, 16 8, 
per cent weie unilateral and 83 2 pei cent bilateral. The 
distribution of eai disease as to sex stnctlv corresponded to 
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that of the cleft palate patients The total numbei of cases 
with definite healing loss is 158, 01 89 4 pel cent 

In Scheme IV a moie detailed analysis of the type of eai 
pathology and heaung loss is noted Eai pathology is classi¬ 
fied accoidmg to congenital anomalies, suigical pioceduies 
and seventy of infection The lattei is divided accoidmg to 
the piesence of diy oi dischaigmg peifoiations (evidence of 
pievious oi piesent puiulent otitis media), scainng (evidence 
of lepaned suppuiative otitis media), retiactions (evidence 
of lepeated seveie catanhal otitis media), and alteiations of 
lustei (evidence of mild catarrhal otitis media) Each ear 
is leported only once lelative to the gieatest degree of pathol¬ 
ogy 

Peifoiations weie noted m 27 6 pel cent, scainng m 23 4 
pei cent, letiaction in 28 4 pei cent, alteiation of histei_m 
16 1 pei cent of the cases It seems, theiefoie, that there is 
no significant pieponderance of catairhal oi puiulent otitis 
media m cleft palate patients Central peifoiations pievailed 
as fai as the site is concerned 

Not all of the cases with eai pathology could be tested 
audiometncally because of age, mental letardation oi un- 
coopeiativeness In some the audiogram was not leliable 
Among 288 pathologic eais accuiately tested, 111 pei _cent 
did not show any heanng loss, 56 2 pei cent showed a mild 
healing loss (less than 30 db ), 28 4 pei cent showed a mod- 
eiate hearing loss (between 30 and 60 db ), and 4 3 percent 
showed a severe heanng loss (ovei 60 db ) 

Peiceptive loss of hearing was noted m five cases, all otheis 
weie of the conductive type In one case a seveie unilateral 
peiceptive heanng loss and a model ate mixed type of heanng 
loss in the opposite eai was obseived m a patient who had 
mumps previously In a biam injury child, the audiogiam 
levealed a bilateial moderate heanng loss without any eai 
pathology The same finding was noted in a deaf child due 
to pievious meningitis, the vestibular test failed to levea 
any lesponse In one case umlateial complete deafness, due 
to pievious labynnthitis secondary to middle eai disease was 
noted, no lesponse was elicited to the vestibulai test In an- 
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othei child a umlateial seveie peiceptive type of healing loss 
was noticed, but no etiologic basis could be evinced 

v^he majouty of cases levealed a conductive type of healing 
loss with piedommant loss m the low frequencies and usually 
bilateral with a similai pattern m both ears A close 1 elation- 
ship was noted between the degiee of middle eai disease 
and degree of healing loss The seveiest cases of heaung 
loss were eithei peiceptive 01 due to suigical pioceduies of 



Fig- 3 Palatopharyngeal incompetence as evidenced b} cephalometric 
roentgrenographic analysis from lateral films obtained at rest and during 
phonatlon of the vowel u as In boom Note congenital shortening oi tne 
palate and Inability of the elum to make contact with the posterior 
pharyngreal wall The formation of Passavant s bar on the posterior wan 
of the pharynx is indicated in the stippled area. 


the mastoid Since conductive healing loss, if not cuiable, 
is at least partially pieventable, the i ole of the otologist in 
the follow-up of cleft palate patients is pai amount 

INCIDENCE OF EAR PATHOLOGY ACCORDING TO AGE GROUP 

In subdividing the cases accoidmg to then age, expiessed 
m yeais, it was appazent that the incidence of middle eai 
pathology followed a different pattern according to foui 
gioups which appealed strikingly unifoim m then stiuctuie 
Diagiam I is very demonstrative 

In the group of cases below one yeai of age only 6 pei cent 
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weie found to have middle eai pathology A definite mciease 
to 27 pei cent of eai disease was noticed in the gioup of pi 
school clnldien (between one and foui years of age) 
more amazing mciease of eai disease was observed m the 
school clnldien (between fne and IB veais of age) sub¬ 

dividing the lattei gioup into two (fne to eight veais and 
nine to 13 veais) the incidence did not change substantiallv 
In the limited numbei of cases o\ei 13 veais of age, the fie- 
quency of eai disease did not \arj significantly It seems, 
theiefoie, that a giadual mciease of eai disease exists up to 
the school age and then persists at a plateau level 

^fn analjzmg the cases that weie followed ovei a long 
penod of time there was a compaiable mciease of eai pathol- 
ogv m passing fiom the pie-school age to the school age 
The contagious diseases, as well as the increased incidence 
of uppei lespiratorv infections, aie factois that tend to laise 
the peicentage of eai pathology and healing loss m a patient 
with pieviouslv alteied anatomic and phvsiologic i elation- 
ships, as exists m a child with a cleft of the palate, a lepaired 
cleft oi a cleft fitted with a piosthesis 

Beatty 21 leported that m his expenence the majontrv of 
“well fed and well caied foi” infants do not deielop eai in¬ 
fection pi 101 to the age foi suigical closuie of the palate 

The fiequenci of eai disease m school age clnldien observed 
m tins study is most significant and expi esses m figuies the 
highei incidence of eai pathologw m cleft palate patients 
compared to the noimal child The values obtained m the 
School Suiveis of the Heaung Consei\ation Piogiam, which 
tluoughout the countiy average between 8 and 10 pei cent, 
are used as contiols Values of 60 pei cent of heaung im¬ 
pairment m cleft palate clnldien in school age measuie tins 
difference be\ond discussion, as evidenced in the charts 
(Scheme III and Diagram I) 

INCIDENCE OF EAR PATHOLOG1 ACCORDING TO T\PE OF CLEFT 

An anahsis of Scheme I ie\eals that a diffeient incidence 
of eai pathologv exists foi each tvpe of cleft (see Fig 2) 
Maximum fiequenc\ pievails foi submucous cleft palate (73 


> ? 
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pei cent) and a minimum foi clefts of the haid and soft 
palates (31 pei cent), however, as was mentioned m the 
piecedmg paiagiaph, a definite diffeience of incidence, ac- 
coiding to the age gi’oup, was seen and it is obvious that no 
comparison can be made between different types of clefts 
without considenng the age factoi 

In Scheme V the mcidence of ear pathology m cleft palate 


INCIDENCE OF EAR PATHOLOOT IN CLEFT PALATE PATIENTS ACCORDING TO APE GROUP 


N of CASES 62 99 61 60 59 



AOE 

DIAGRAM I 

patients accoidmg to the type of cleft m the pie-school and 
school age is noted The atypical cases aie not consideied, 
because the stiuctuie is not uniform 

It is quite significant that m the school age gioup the in¬ 
cidence of eai pathology, notwithstanding the small nun ^ ei 
of cases, is lelatively uniform foi each type of cleft The 
aveiage value being 68 per cent, vanations exist between 
62 pei cent foi clefts of the haid and soft palates and bilateia 
clefts of the lip and palate and 74 per cent foi clefts of e 
soft palate 
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Tlie figrnes reported m the pie-school age gioup aie too 
small to deserve consideiation, howevei, one is justified m 
emphasizing the small incidence of eai pathology m tins gioup 
foi the clefts of the liaid and soft palates (12 pei cent of 33 
cases) The leason foi tins relatively small fiequency of 
eai pathology is not cleai This is piobably l elated to a less 
distorted anatomical configuration of the head spaces and 
lelatively greatei intactness of the neuio-musculai mechan¬ 
ism of the Eustachian tube 


SCHEME V 


INCIDENCE OF EAR PATHOLOGY IN CLEFT PALATE PATIENTS 
ACCORDING TO TYPE OF CLEFT 


Tvpe of Cleft 

Pre-School Ape 
Total dumber 
Cases with Ear 
Pathology 

(From 1 to 4) 
of Cases 91 
Cases with 
Normal Ears 

School Age (From 5 to 13) 
Total Number of Cases 156. 
Cases with Ear Cases with 
Pathology formal Ears 

Average Values . 

-27 % 

73 % 

6S % 

32 % 

L. Bilateral Cleft 
Lip and Palate 

__ 2 

(25%) 

6 

(75%) 

16 

(62%) 

10 

(38%) 

! Unilateral Cleft 
Lip and Palate 

_11 

(30%) 

27 

(70%) 

35 

(71%) 

14 

(29%) 

! Cleft Hard and 
Soft Palates 


29 

24 

15 

(12%) 

(88%) 

(62%) 

(38%) 

l Cleft of the Soft Palate _6 

(55%) 

5 

(45 *1) 

14 

(74%) 

(26%) 

i Submucous Cleft 

Palate — 

i 

17 

(73%) 

6 

(27%) 


Among the 62 cases of umlateial cleft lip and palate, 21 
(33 pei cent) showed umlateial oi definitelj moie pathology 
m the eai opposite the side of the cleft, seven on the same 
side and the lemainmg, uniform, bilateial pathology Of the 
21 cases with gieatei contralateial pathologi, six weie un¬ 
seated and 15 weie postopeiative. No definite lelationship 
vas noted m these cases with umlateial nasal obstruction 

RELATIONSHIP OF EAR PATHOLOGA TO WIDTH OF THE CLEFT 

Accoidmg to Nassv, 16 the fiequencv of middle ear disoideis 
m cleft palate patients depends on the size of the cleft This 
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was not obseived m an analjsis of a group of school childien 
with cleft palates in this studj 

As the concept of width is puielv subjective and vanable 
inth tlie dimensions of time, the closuie of lip and oithodontie 
treatment, it is necessaiy to analjze childien of a certain age 
gioup and with untieated palates Boideilme cases between 
“wide” and “nanov” weie not considered The diffeient 


AHALTSIS OF SCHOOL ICE CRILDP-EE WTH CLEfT PALATE 
RELATICTSKIP or EAB pathologt to 


WIDTH OP THE CLEFT RESULTS OP SPRSTCAL CLOSURE EARLT CLOSURE OP PALATE 
f of CASES 35 47 52 32 41 48 



DIAGRAM II 


types of clefts aie consideied togethei as was demonstrated 
m the piecedmg paragraph In the school age gioup the dif- 
feience m frequency of eai pathology between the diffeient 
types of clefts is insignificant 

\y^Lmong 47 definitely yynde clefts (not amenable to surgical 
closure, see Fig 4) 21 (44 percent) showed eai pathology 
and 26 (56 pei cent) normal eais (see Diagram II) In the 
same age gioup among 35 nanow clefts (immediately pnoi 
to suigical closuie) 18 (50 pei cent) showed ear pathology, 
and 17 (49 pei cent) normal eais, theiefoie, it does not 
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seem that the width of the cleft has a definite lelationship 
to the fiequency of middle eai disoideis m cleft palate 
patients m the school age 

RELATIONSHIP OF EAR PATHOLOGY TO SURGICAL REPAIR 
OF CLEFT PALATE 

In Diagiam III the lelationship of suigical 01 piosthetical 
closuie of cleft palate m pie-school and school childien foi 
the most impoitant foui typical clefts is evaluated 



DIAGRAM III 


Both in the pie-school and school age gioups theie is a 
lnghei peicentage of postoperative cases in the pathologic 
gioup than m the noimal, howevei, the most sigmfican 
finding is the definite mciease of eai pathology in passing 
fiom the pie-school age to the school age gioup paiallel to 
the mci eased numbei of postopeiative cases In the sell oo 
age childien with suigically closed palates, appi oMmatelv 
pei cent had eai pathology (see Diagiam III) 
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As othei factois aie imolved m the diffeience of fiequencj 
of eai disease m the tv o age gioups, further analysis of the 
importance of suigical closuie m 1 elation to eai pathology is 
made Among the cases followed ovei a period of time, 16 
developed otitis media in the school age aftei suigical lepan 
and two aftei bemg fitted with a speech aid Only six othei 
untieated cases developed otitis media m the school age gioup 
An analysis of the lesults of surgical lepan among 52 cases 
m the school age with a palate that v as short, tight and 
scaned, 41 (79 pei cent) showed eai disease, and 11 (21 pei 
cent) had normal eais Among the 32 cases m the school age 
group with a good suigical lepan, 17 (53 pei cent) showed 
eai pathology, and 15 (47 pei cent) had noimal ears (see 
Diagiam III) Twelve of the school age cases had moie than 
five palatal opeiations 8 (66 pei cent) of them had eai 
pathologv and 4 (34 pei cent) showed noimal ears 

The influence of eaily surgical closuie was also consideied 
41 of the cases of school age had palatal closure befoie one 
yeai of age, 30 (73 pei cent) had eai pathology, and 11 (27 
pei cent) had normal eais The peicentage of eai pathologv 
m clnldien with a cleft palate closed aftei two veais of age 
(when, accoidmg to Subtelm,” a leveling off of the dimen¬ 
sions of the cleft, maxillarj and nasophai vngeal development 
has been leached) was appioximatelv the same—ovei 48 
cases, 36 (75 pei cent) had eai pathology and 12 (25 pel 
cent) had noimal eais (see Diagiam III) 

Surgical closuie of the palate appears to be an extiemeh 
important factoi m the pathogenesis of middle eai disoiders 
The mechanism seems to be related to a process of atiophy, 
scai ring and scleiosis of tubal muscles aftei suigeiv The 
highei incidence of eai pathologs in the cases vith a scaned, 
tight palate compaied with the good opeiative lesults ac¬ 
counts foi this intei pretation 

It has been said that simple anatomical closuie of a palate 
without the formation of a \ elophaiwngeal splnnctei makes 
surgical tieatment unsatisfactorv Certamh, the inadequacy 
of tubal musculatuie aftei suigery should be considered in 
the evaluation of a suigical lepan of the palate, furthermoie, 
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the opinion that eaily closuie of the palate avoids secondaiy 
atrophy of palatal muscles and pi events otitis media, is not 
suppoited by this study The dangeis of eaily closuie m 
1 elation to intei feience with centeis of bone giowth, and 
consequent senous distuibanees of development of the bones 
of the jaw and face, and the high incidence of middle eai 
pathology, factois which aie piobably dneetly 01 mdnectly 
lelated to each othei, questions the validity of suigeiy at an 
eaily age, m many cases 

RELATIONSHIP OF EAR PATHOLOGY TO CLEFT PALATE PROSTHESIS 

Seveial otolaiyngologists have the conviction that theie is 
a relationship of cleft palate prosthesis with uppei lespnatoiy 
health and audition No definite statement on the association 
of eai pathology to cleft palate piosthesis has evei been made 

Twenty-foui of the cases m this study that weie fitted 
with a speech aid weie obseived Twenty of them weie un- 
opeiated and foui postopeiative The foui postoperative and 
13 of the unopeiated cases showed eai pathology 

Clinical expei lence leveals a frequent association of inflam¬ 
matory changes of the uppei an ways, lymphoid hypeiplasia 
and middle eai pathology with cleft palate piosthesis In 
most of these cases, howevei, an ill-fitting appliance oi pool 
hygiene of the speech aid was noted It is known that the 
size and shape of the segments of the appliance aie highly 
individualistic The contoui of the palatal extension must 
confoim strictly to the natuial contoui of the velai tags, and 
the bulb must adapt to the piopoitions of the patient’s naso¬ 
pharyngeal poit The level at which the bulb is placed m 
the nasopharynx is of utmost importance The bulb must 
be leduced m size with the development of the patients 
muscles It must be pointed out that when a piosthesis is 
defective oi the hygiene of the appliance is unsatisfactoij» 
theie is a disturbance of the physiology of the nose and naso¬ 
pharynx with consequent dysfunction of the Eustachian tube 

RELATIONSHIP OF EAR PATHOLOGY TO NASAL PISTURBANCES IN 
CLEFT PALATE PATIENTS 

That nasal physiology in cleft palate patients is seveieb 
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distuibed, is quite appaient The malfoimations of the alai 
cartilages with stenosis of the naies, the septal deflections 
with obstiuction of the an wav, and the abnormal communica¬ 
tion of oral and nasal cavities aie the mam causes of tins 
distuibance The mspnatorv and evpiraton an cuiients, 
the an pressuies, the humidifying, heating and puiifymg 
action of cilia and mucous blanket, the pH and bactei lology, 


AH ALTS IS OF SCHOOL ACS CHILDREN_ JTTR CLEFT PALATE 


RELATIO ’SHIP PF EAR PATHOLOOT TO 


NASAL OBSTRUCTION 


RTPSRPLASIA OP TONSILS AND ALEfOIDS 


N 


of CASES LI 


56 


Lfl 63 
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must suiely be modified m cleft palate patients as compaied 
with the noimal As a consequence of alteied physiolog} 
these children aie moie pi one to fiequent uppei respnatory 
infections and vasomotoi changes 

\ 

In an analysis of eai pathologv i elated to nasal distuib- 
ances, a gioup of 41 school-age childien with complete um- 
lateial or bilateial obstiuction of the nasal an way on an 
anatomical, catairhal oi vasomotoi basis weie studied 
Thirty-one of them (75 pei cent) showed ear patholog\, while 
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the opinion that early closuie of the palate avoids secondaiy 
atiophy of palatal muscles and pi events otitis media, is not 
supported by this study The dangeis of eaily closuie m 
1 elation to inteiference with centeis of bone growth, and 
consequent senous distuibances of development of the bones 
of the jaw and face, and the high incidence of middle eai 
pathology, factois which aie piobably dnectly 01 mdiiectly 
1 elated to each othei, questions the validity of suigeiy at an 
early age, m many cases 

RELATIONSHIP OF EAR PATHOLOGY TO CLEFT PALATE PROSTHESIS 

Seveial otolaryngologists have the conviction that theie is 
a lelationship of cleft palate piosthesis with uppei lespnatoiy 
health and audition No definite statement on the association 
of eai pathology to cleft palate piosthesis has evei been made 

Twenty-foui of the cases m this study that weie fitted 
with a speech aid weie observed Twenty of them weie un¬ 
operated and foui postopeiative The foui postopeiative and 
13 of the unopeiated cases showed eai pathology 

Clinical expei lence leveals a fiequent association of mflam- 
matoiy changes of the uppei airways, lymphoid hypeiplasia 
and middle eai pathology with cleft palate piosthesis In 
most of these cases, howevei, an ill-fitting appliance oi pool 
hygiene of the speech aid was noted It is known that the 
size and shape of the segments of the appliance aie highly 
individualistic The contoui of the palatal extension must 
confoim strictly to the natuial contoui of the velai tags, and 
the bulb must adapt to the piopoitions of the patient's naso¬ 
pharyngeal poit The level at which the bulb is placed m 
the nasopharynx is of utmost importance The bulb must 
be reduced m size until the development of the patients 
muscles It must be pointed out that when a piosthesis is 
defective oi the hygiene of the appliance is unsatisfactoiy, 
theie is a distuibance of the physiology of the nose and naso¬ 
pharynx with consequent dysfunction of the Eustachian tube 

RELATIONSHIP OF EAR PATHOLOGY TO NASAL DISTURBANCES IN 
CLEFT PALATE PATIENTS 

That nasal physiology m cleft palate patients is seveielv 
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distui bed, is quite appaient The malformations of the alai 
cartilages with stenosis of the naies, the septal deflections 
with obsti uction of the an way, and the abnormal communica¬ 
tion of 01 al and nasal cavities aie the mam causes of this 
distuibance The mspnatoiy and expnatory an cunents, 
the air pressures, the humidifying, heating and purifying 
action of cilia and mucous blanket, the pH and bacteriology, 


AH ALTS IS OF SCHOOL AGS CHILDREN jTTH CLEFT PALATE 


RELATIONSHIP OF EAR PATRQLOGT TO 


HA5AL OBSTRUCTION 


HTPERPLA5IA OF TONSILS AKD ADENOIDS 


H 


of CASES 1,1 56 


LS 63 



DIAGRAM I\ 


must suielv be modified m cleft palate patients as compared 
with the normal As a consequence of alteied physiology 
these children are moie pi one to frequent uppei lespnatory 
infections and vasomotor changes 

V 

In an analysis of eai pathology 1 elated to nasal disturb¬ 
ances, a gioup of 41 school-age children with complete uni¬ 
lateral 01 bilateial obstruction of the nasal airwaj on an 
anatomical, catairhal 01 vasomotor basis vere studied 
Thirty-one of them (75 per cent) showed ear pathology, while 
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10 (25 pel cent) had normal eais In a contiol gioup of 56 
school children with an adequate bilateial nasal airway, 29 
(52 pei cent) had eai disorders and 27 (48 pel cent) had 
noimal eais (see Diagram IV) 

RELATIONSHIP OF EAR PATHOLOGY TO HYPERPLASIA OF TONSILS 
AND ADENOIDS IN CLEFT PALATE PATIENTS 

The importance of adenoid giowth and enlaiged tonsils m 
the etiology of catanhal and puiulent otitis media m childien 
has been stressed On the othei hand the significance of 
tonsils and adenoids foi an adequate velopharyngeal closuie 
m cleft palate patients is pai amount Inflammatory changes 
of lymphoid tissue m these patients should receive immediate 
conseivative tieatment and be controlled as piomptly as 
possible 

In a gioup of 48 school-age children with hyperplasia of 
tonsils and adenoids, 40 (84 pei cent showed ear pathology 
and eight (16 pei cent) had normal eais A control group of 
63 school children with opeiated oi unopeiated clefts and 
with small tonsils and scanty amount of adenoid tissue, showed 
34 cases (54 per cent) with ear pathology and 29 (46 pei 
cent) with normal eais (see Diagram IV) 

RELATIONSHIP OF EAR PATHOLOGY TO GENERAL FACTORS IN 
CLEFT PALATE PATIENTS 

Piematunty, malnutution, dehydiation, impiopei feeding 
methods and acute exanthemata appeared to be important 
factois m the development of seveie purulent otitis media m 
cleft palate childien On the contiary, no definite i elation- 
ship could be found between the incidence of eai pathology 
and multiple congenital anomalies 

DISCUSSION 

In an analysis of 401 patients with vanous types of clefts 
of the palate, it has been observed that a multiplicity of factois 
aie responsible foi the laige peicentage of patients witi 
middle eai disordeis and hearing distuibances 
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Apart from congenital anomalies and a few genei al factors, 
such as genetic piedisposifaon to eai pathology, resistance to 
infection and nutiitional status, it is appaient that Eustachian 
tube dysfunction, primary 01 secondaiy to nasal and naso¬ 
pharyngeal pathology, 01 suigical and non-suigical means of 
cleft palate closuie, is the pathogenic basis of the greatei 
majonty of eai disorders in cleft palate patients than in 
normals 

A consideiable emphasis has been placed on the fact that 
the inactivation of the velopharyngeal closuie m the open 
cleft palate allows the food to entei the nasopharynx, and 
that atypical tongue habits cause continuous nutation and 
bathe the Eustachian tube openings -with irritants 

The distuibed physiology and hygiene of the ail spaces 
of the head is suiely a factoi in the pathogenesis of otitis 
media m cleft palate childien It is noteworthy how a rela¬ 
tively small percentage of these childien undei one yeai of 
age suffei fiom ear pathology Lysozime and mhibitorv 
activity of saliva and nasal secietions on bactenal giowth 
must play an important lole in these children who aie free 
from infection, as well as the absence of environmental con¬ 
tact 

In no cases was any fluctuation noted of the tympanic 
membiane duung lespiration, as one would expect m a pei- 
sistent patent Eustachian tube, rathei, the kind of pathologv 
that is described (alteration of lustei, letiactions and scar¬ 
ring) and the improvement obtained by inflation indicate 
that the phvsiopathologv of the Eustachian tube m cleft palate 
patients is based on a persistent closure of the onfice 

It is of extreme importance to analyze the anatomy and 
physiology of a normal velum in order to understand the 
pliysiopathology of a cleft palate in 1 elation to the function 
of the Eustachian tube (see Figs 5 to 8) 

The soft palate is a musculai hinge which is attached an- 
tenoih at the postenoi boidei of the hard palate by means 
of an aponeuiotic structure and moves fieely postenoi ly 
The muscles enter from the sides and interlace m the midline, 
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10 (25 per cent) had noimal eais In a contiol gioup of 56 
school children with an adequate bilateial nasal ail way, 29 
(52 pei cent) had eai disoideis and 27 (48 pei cent) had 
noimal eais (see Diagram IV) 

RELATIONSHIP OF EAR PATHOLOGY TO HYPERPLASIA OF TONSILS 
AND ADENOIDS IN CLEFT PALATE PATIENTS 

The importance of adenoid growth and enlaiged tonsils m 
the etiology of catanhal and puiulent otitis media m childien 
has been stressed On the othei hand the significance of 
tonsils and adenoids foi an adequate velopharyngeal closuie 
in cleft palate patients is pai amount Inflammatory changes 
of lymphoid tissue m these patients should receive immediate 
conseivative tieatment and be controlled as piomptly as 
possible 

In a gioup of 48 school-age children with hypeiplasia of 
tonsils and adenoids, 40 (84 pei cent showed eai pathology 
and eight (16 pei cent) had noimal eais A contiol gioup of 
63 school children with opeiated oi unopeiated clefts and 
with small tonsils and scanty amount of adenoid tissue, showed 
34 cases (54 per cent) with eai pathology and 29 (46 per 
cent) with normal eais (see Diagiam IV) 

RELATIONSHIP OF EAR PATHOLOGY TO GENERAL FACTORS IN 
CLEFT PALATE PATIENTS 

Piematurity, malnutution, dehydration, impiopei feeding 
methods and acute exanthemata appealed to be impoitant 
factois m the development of seveie purulent otitis media in 
cleft palate childien On the conti ary, no definite lelation- 
ship could be found between the incidence of ear pathology 
and multiple congenital anomalies 

DISCUSSION 

In an analysis of 401 patients with vanous types of clefts 
of the palate, it has been obseived that a multiplicity of factoi s 
aie lesponsible foi the laige peicentage of patients tvith 
middle eai disorders and healing distuibances 
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Apart from congenital anomalies and a few geneial factois, 
such as genetic piedisposition to eai pathology 7 , lesistance to 
infection and nutritional status, it is appaient that Eustachian 
tube dysfunction, pi unary 01 secondary to nasal and naso- 
phazyngeal pathology, 01 suigical and non-suigical means of 
cleft palate closuie, is the pathogenic basis of the gieatei 
majonty of eai disoiders m cleft palate patients than m 
normals 

A consideiable emphasis has been placed on the fact that 
the inactivation of the velophaiyngeal closuie m the open 
cleft palate alloys the food to entei the nasopharynx, and 
that atypical tongue habits cause continuous nutation and 
bathe the Eustachian tube openings with irritants 

The distuibed physiology and hygiene of the an spaces 
of the head is suielv a factoi in the pathogenesis of otitis 
media m cleft palate clnldien It is noteworthy how a lela- 
tively small percentage of these clnldien undei one yeai of 
age suffei fiom eai pathology Lysozmie and inhibitory 
activity of saliva and nasal secretions on bactenal giowth 
must play an important lole m these childien who aie fiee 
fiom infection, as well as the absence of environmental con¬ 
tact 

In no cases was any fluctuation noted of the tympanic 
membiane during respiration, as one would expect m a pei- 
sistent patent Eustachian tube, lathei, the kind of pathology 
that is descubed (alteration of lustei, letractions and scai- 
nng) and the impiovenient obtained by inflation indicate 
that the phvsiopathology of the Eustachian tube m cleft palate 
patients is based on a persistent closuie of the onfice 

It is of extieme importance to analyze the anatomy and 
physiology of a noimal -\elum m order to undei stand the 
physiopatliology of a cleft palate m 1 elation to the function 
of the Eustachian tube (see Figs 5 to 8) 

The soft palate is a musculai hinge which is attached an- 
tenoily at the postenoi bordei of the hard palate bv means 
of an aponeuiotic structure and moves fieely postenoi h 
The muscles enter from the sides and interlace m the midhne, 
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Fig 6 Drawing of the inferior view of a skull illustrating the har¬ 
monious balance of intact musculature Completeness of tho musculature 
of the soft palate restrains the outward pull of the pterygoid muscles 

each pair foimmg a sling aichmg either upwaid 01 down¬ 
ward The musculus uvulae fastens longitudinally all of these 
muscles m the midhne without forming a leal laphe 

Three pans of muscles aich upwaid the levator palati, the 
tensoi palati and the pteiygopharyngeus of the supenoi con- 
strictoi muscle of the phaiynx The levatoi veil palatini 
anses fiom the apex of the petious bone and fiom the medial 
lamina of the cartilage of the auditory tube, enteis the velum 
with its fibers spieadmg downwaid and mediahvaid, and 
blending with those of the opposite side The tensor veil 
palatini arises from the scaphoid fossa and the spina angulai is 
of the sphenoid and fiom the lateial wall of the cartilage of 
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Fig - 6 Drawing of the inferior ie^ of a skull to illustrate the loss of 
continuity of muscle structure as a result of a conbenital cleft. There is 
decreased restraint on the outward pull of the pter\goid musculature 

the auditory tube, its tendon, aftei winding aiound the 
pterygoid hamulus, is inserted into the palatine aponeurosis 
and the postenoi boidei of the palatine bone The ptengo- 
pharyngeus muscle anses from the pharyngeal raphe ap¬ 
proximately 1 5 centimeteis below the pharyngeal tubeicle of 
the occipital bone It luns outwaid tow aid the pteivgoid 
plate of the sphenoid bone, one part being inserted on it, and 
the hamulai piocess and the lemaimng fibers lunmng medial¬ 
ly to be inserted into the palatal aponeuiosis 

Two pairs of muscles arch dowmwaid the glossopalatmus 
m fiont forms the antenor pillars and the pharyngopalatinus 
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behind foims the postenoi pillais The glossopalatmus arises 
fiom the antenoi suiface of the soft palate, wheie it is con¬ 
tinuous with the muscle of the opposite side and is inserted 
into the side of the tongue The phaiyngopalatmus anses 
fiom the soft palate and divides into two fasciculi The an- 



down'urd on both sides of the tongue 


tenoi fasciculus is inserted into the postenoi boidei of the 
thyioid cartilage and into the lateial and postenoi wall of the 
phaiynx The postenoi fasciculus joins the opposite muscle 
m the midhne An important musculai bundle connected with 
the lattei fasciculus is the salpmgopharyngeus muscle, whic 1 
foims the salpingophaiyngeal fold It arises fiom the m- 
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fenoi part of the auditory tube and blends with the postenoi 
fasciculus of the pharyngopalatmus 

Podvmec, 23 m a lecent studv of the physiology and pathol¬ 
ogy of the soft palate, maintained that as the individuality of 
the different muscles becomes lost m the velum, it is leason- 
able to conclude that they aie functioning togethei He an¬ 
alyzes the functions of the soft palate as follows a, to facili¬ 
tate the transport of the bolus fiom the oial cavity to the 
pharynx, b to close the nasophaiyngeal port m swallowing 
and speech articulation, c to elevate the laiynx m swallow- 



Flg S Palatopharyngeal \ aping In a normal adult Tracings of lateral 
cephalometric roentgenograms reveal the position of the soft palate within 
the nasopharvnv A.t rest the soft palate outlined In black rests on the 
dorsum of the tongue During the sustained phonatlon of the vowell u 
the soft palate elevates to contact the posterior nail of the nasal pharvn-c. 


mg and speech, d to open the Eustachian tube duimg de¬ 
glutition and yawning 

The relationship between mot ements of the soft palate and 
opemng of the Eustachian tube deserves moie consideiation 
Peilman- 1 m an authoiatatne stud's, leviewed the literatuie 
and analyzed with peisonal obseivations the movements and 
the natuie of the phs siological opening of the Eustachian 
tube In phonation, the postenoi bp of the torus tubanus is 
lifted passiveh duimg the elevation of the soft palate and 
floor of the tube b\ the le^toi palati, while the simultaneously 
using salpmgopharvngeus conti lbutes actively to an addi- 
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FIs 9 Palatophary ngeal ■valving’ in a child " ith an 
~ - ■ -- ■’ -*ain 


intact adenoid 

^ a i'aiaiopnttrjiiBciu vuivuik “■ — 'y „ r ,,i u as re- 

mass Note that during the sustained phonation of th ® J°'r e ‘ c “i n st the 
vealed in the lower illustration the soft palate makes “"? c the S Laterlor 
adenoid projection into the nasopharj nr rather than with tne po 
■wall of the pharynx. 
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tional displacement of the lower portion of the postenoi lip 
In deglutition, theie is an active movement of the antenor and 
postenoi lips of the toius tubanus, associated with elevation 
and lateial leti action of the soft palate and flooi of the tube 
Opening the tube dm mg swallowing is not the lesult of simul¬ 
taneous movements, but of a succession of moiements of the 
tubal muscles Theie is an initial widening of the onfice 
of the tube, deteimmed bi the movement of the mfenoi edge 



of the postenoi lip, due to actne contraction of the using 
salpingophai vngeus muscle While the soft palate and flooi 
of the tube aie elevated by the action of the levator palati, 
there is an outwaid movement of the lateial portion of the 
orifice of the tube due to the tensoi muscle v hich afterw ai d, 
when the palate diops, determines an antenoi displacement 
of the tube, pioducmg a deep and round opening 

The Eustachian tube normally lemams closed to shield the 
middle eai fiom piessuie changes m the nasophannx dui mg 
quiet or foiced lespuation Palatal and tubal activity, as 
pioduced in phonation, does not cause opening of the tube, 
nor does sound pressuie m the nasopharvn\ dunng pliona- 
tion The tube as a rule opens during deglutition Sv allow - 
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mg liquid is most efficient m opening the tube In the iefle\ 
opening dunng swallowing the tube opens moie widely than 
m voluntary opening 

It is necessaiy to analyze the pathologic anatomy of cleft 
palate and the physiopathology of the Eustachian tube open¬ 
ing during deglutition Accoidmg to Veau, 25 if a cleft is 
formed the aponeuiosis does not develop, because it lepiesents 
the consequence of the posterior pulling of the musculai sling 
The soft palate is, theiefoie, short, and the tendon of the 
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tensoi muscle, which has an abnoimal oblique and upwaid 
dnection, is mseited mainly on the posteiioi edge of the haid 
palate The action of the tensoi palati on the velum is mini¬ 
mal m cleft palate, it may pull the velai tags fonvaid and 
outward, causing the tips of the cleft uvula to point towaid 
the midhne On the othei hand, ansing paitly fiom the 
posteiioi bordei of the haid palate it should be able to open 
the Eustachian tube onfice The activity of the levator palati 
becomes insignificant When piesent its action, associate 
with the one of the divided pteiygophaiyngeus segment of the 
supeiioi constnctoi, is to open the cleft moie widely 

The opening of the Eustachian tube onfice dui mg degluti- 
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tion appears definitely impaiied in a cleft of the palate The 
levatoi palatini is unable to elevate the soft palate and flooi 
of the tube The swallov mg syneigy is disturbed, and no 
leflex opening of the tube by means of the tensoi muscle can 
be elicited The only active muscle m this mechanism is 
probably the salpmgopharyngeus, which m some cases stands 
out like a band of musculai tissue on the lateial pharyngeal 
•wall 

Veau 25 maintains that palatal and phaivngeal muscles have 
a noimal volume in a cleft palate fetus, howevei, with age, 
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musculai atiophy de\elops secondaiv to the anatomical anom¬ 
aly and inactivity, and the opening of the Eustachian tube 
will become moie and moie impaiied It is paiticulaih aftei 
a pool suigical lesult that atiophv reaches its maximum, the 
velum is whitish, tight and immobile 

The idea that eailv closuie would pi event muscular legies- 
sion definitely fads to attain its goal when a pool lesult is 
obtained In these cases the dysfunction of the Eustachian 
tube is consideiable, and a high peicentage of eai pathology 
is lecoided Eyen if a good suigical lesult is obtained y\ith 
restoiation of the yelophaiyngeal sphinctei, the dysfunction 



1944 


SKOLNIK CLEFT PALATE 


of the Eustachian tube is still gieat The division of the 
hamulai piocess, advocated by so many suigeons, will le- 
lease the tension of the tensoi veil palatini and peimit medial 
displacement of the velai tags lestonng the velophaiyngeal 
closuie, howevei, the function of the tensoi will be alteied 
into an elevatoi, and no fuithei lateial displacement of 
the lateial wall of the tube will be possible If a push-back 
01 phaiyngoplasty pioceduie is peifoimed, the change of 
envnonment foi palatal and phaiyngeal muscles may lesult 
m a lelative inactivity of the neuiomusculai mechanism 



Fig- 13 


On the othei hand the action of the supenoi constuctoi 
should be noted When compensatory hypeitiophy of phaiyn- 
geal muscles develop and a consideiable Passavant's ndge is 
seen, the medial displacement of the tubal cartilage and 
salpmgeal folds unassociated with an antenoi and outwai 
shift of the tube impaiis the opening of the Eustachian tu e 

If a patient is fitted with a speech aid, theie is a possibility 
of ill-fitting and pool hygiene as a cause of impaned diamage 
of secietion, chionic phaiymgitis and hypeiplasia of lymplioi 
tissue 

Nasal deformities weie often found associated with al cia- 
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tions of nasal mucosa on a catairhal 01 vasomotoi basis In 
a certain numbei of patients, hypeiplasia of tonsils and 
adenoids with accumulation of secietion m the nasal and 
nasopharyngeal cavities weie observed In these cases the 
already impaned function of the Eustachian tube onfice be¬ 
comes despeiate and peisistent, 01 lecunent middle eai dis- 
01 dei s with heaung loss aie the lule 

Sataloff and Fiazei 15 have advocated adenoidectomy m in¬ 
fancy at the time of the fust palatal opeiation Aftei the 
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analysis of the multiplicity of factois involved m the middle 
eai disoideis m cleft palate patients and the phvsiopathologic 
study of the Eustachian tube opening, it appeals that adenoid¬ 
ectomy, m l elation to speech lehabihtation, should be pei- 
formed judiciously (see Fig 9 ) Special techniques directed 
towaid the lemoval of the lymphoid tissue sunoundmg the 
Eustachian tube onfices, eithei suigically oi with the use of 
a ladium apphcatoi, should be emploved, when possible, m 
oidei to maintain the mtegntv of the velopharyngeal closure 

Continuous otological study of cleft palate patients is of 
utmost impoitance When middle ear disoi ders develop, the 
seveial etiologic factors should be considered and lemoved, 
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if possible Immediate tieatment of the eai, nose and thioat 
conditions is paiamount m these childien A healing evalua¬ 
tion should be done as soon as possible To lepeat—“Good 
heaung is essential to good speech” 

CONCLUSIONS 

1 Congenital anomalies of the eai aie piesent in 2 pel cent 
of all cleft palate patients and account foi 13 pel cent of 
associated anomalies to cleft palate They appeal to be due 
to an anest of development without a definite genetic basis 

2 Forty-five pel cent of cleft palate patients show definite 
evidence of eai pathology and 39 per cent have a definite 
heaung loss 

S Theie is no sex pievalence in the fiequency of eai pathol¬ 
ogy m cleft palate patients 

Jf The middle eai disoideis aie piedommantly bilateial 
with similai featuies in both eais Theie is no significant 
difference m fiequency between puiulent and catanhal otitis 
media 

5 The heaung loss is mild m moie than one-half of the 
cases, model ate m about one-fourth of them Only about 4 
pel cent have seveie hearing loss With the exception of five 
cases with a peiceptive loss, all of the othei cases have a 
typical conductive type of heaung loss with a similai pattern 
in both eais Close lelationship is noted between the degree 
of eai pathology and heaung loss 

6 The incidence of eai pathology is 6 pel cent befoie one 
yeai of age, 27 pei cent m pie-school childien and 68 pei 
cent m school childien The incidence appealed to level of 
at this penod 

7 The fiequency of eai pathologv accoiding to the type of 
cleft is stiikmgly umfoim m school age childien Theie is a 
smallei incidence of eai pathology m the clefts of the hai 
and soft palates m pie-school age childien One-thud of in¬ 
cases with umlateial clefts of the lip and palate shove 
conti alateial eai pathology 
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8 No definite lelationship could be evinced between the 
width of the cleft and eai pathology 

9 Suigical elosuie is l elated to a highei incidence of eai 
pathology m cleft palate childien A con elation is noted 
between velai activity and fiequency of middle eai disoideis 
Eaily elosuie of the palate does not i educe the incidence of 
eai pathology 

10 Ill-fitting oi pool hygiene of speech aids mteifeie with 
nasopharyngeal physiology and may lesult in middle eai 
disoideis 

11 Nasal obstiuction on an anatomical, catanhal oi vas- 
omotoi basis is a factoi m the mci eased incidence of otitis 
media 

12 Hypeiplasia of the tonsils and adenoids is intimately 
i elated to middle eai disoideis m a gioup of cleft palate 
patients 

18 Geneial factois such as piematunty, malnutiition and 
exanthemata suielv piedispose cleft palate childien to a highei 
incidence of middle eai pathology 

14 The pathogenesis of middle eai disoideis m cleft palate 
patients is piimanlv i elated to a tubal dvsfunction This 
dysfunction is definitely mci eased by all the above mentioned 
factois on a neuio-musculai oi mechanical basis 

15 The lole of the otologist in a cleft palate caie piogram 
is of extieme impoitance Continuous otologic vigilance of 
these childien is a must Audiogiams should be lepeated at 
legulai intervals Eai, nose and tin oat disease should be 
conti oiled immediately to pi event any furthei healing im¬ 
pairment 


SUM MARI 

Otolai vngological implications m cleft palate patients haye 
not been fully* lealized until lecently A suiy'ey of the ay’ail- 
able liteiatuie fails to iey r eal an extensne study of eai pathol¬ 
ogy in cleft palate patients, 401 patients yyith yanous types 
of clefts aie thoioughh investigated in the otoiarvngological 
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field and leceive accuiate audiological study The anomalies 
of the eai associated with cleft palate aie descnbed, analyzed 
and discussed The highei incidence of middle eai pathology 
m cleft palate childien than m normals leceive a quantitative 
measuie m this study The fiequency of catanhal and puiu- 
lent middle eai infection is leported, as well as the fiequency 
and natuie of the heaung loss The seveial factois 1 elated to 
these findings aie discussed in detail m the light of the sta¬ 
tistical values age of the individual, type of cleft, width of 
cleft, suigical and non-suigical closuie of cleft palate, nasal 
distuibances, hyperplasia of tonsils and adenoids, and gen- 
eial lesistance The pathogenesis of middle eai disoideis 
appeals to be due to a Eustachian tube dysfunction, alteied 
on a neuromusculai basis by the above factois 
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PRACTICABILITY OF IMMEDIATE FENESTRATION 
AFTER STAPES MOBILIZATION FAILURE * 


W P Anthony, 

Foit Worth, Texas 

INTRODUCTION AND EVOLUTION OF THE PROBLEM 

The letuin to populanty of direct suigical attack upon the 
stapes foi impioving hearing m otosclerotic deafness came 
siowly After reading Rosen’s 4 2 fust articles on stapes mobi¬ 
lization, I was skeptical, because I felt that most stapes fixed 
by an otosclerotic process would not mobilize, and if they 
weie mobilized, fixation would quickly lecur Followup le- 
ports 3 411 confirmed my first objection to the proce duie (a 
low peicentage of good results), but other ieports CT8 lefuted 
my second objection that lesults would be short lived, theie- 
foie, I decided to leam the necessary technique and acquire 
the necessaiy skill to practice this pioceduie The idea of 
piacticmg a pioceduie which would result m disappointment 
to appioximately two-thuds of the patients operated on was 
so unpalatable, however, that m Novembei, 1955, I decided 
to work out a stapes mobilization technique which would 
lend itself to immediate Lempert fenestration m case of 
failure 

That is the background of the piesent study, begun m De- 
cembei, 1955, and continued with its inteiesting lamifications 
to the present 

The pioblem of surgical technique, the fust to piesent itself, 
was not exceedingly difficult to solve, and is leported m 
the fust pait of this papei under technique and piesentation 
of cases 

Establishing methods to determine accuiately which stapes 
mobilizations weie failuies, and in which to pioceed with a 

•Submitted as Candidates Thesis to American Lar>neoloplcal TUilnolop 
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fenestiation, was the second and gieatei pioblem This piob- 
lem involves the patient whose stapes mobilization is appai- 
ently unsuccessful at the time of opeiation, but whose hearing 
is found to have improved consideiably ovei the preopeiative 
level weeks 01 months latei In such a case, an unnecessarv 
fenestiation would have been done Because of this the com¬ 
bined pioeeduie was abandoned 

The second part deals with the attempt to determine the 
incidence of this special problem, to solve it by establishing 
a cuteiion of failuie 01 success of stapes mobilization on the 
table, and to evaluate this cuteiion by postoperative follow-up 
of a senes of cases to which it had been applied 


REVIEW OF LITERATURE 

Suigical attempts to impiove conductive healing loss by 
mobilization of the ankylosed stapes date fiom the woik of 
KesseP m 1876, when he tiled to impiove healing loss lesult- 
mg fiom infection by lemovmg the dium, malleus, and incus 
This method being unsuccessful, he latei tiled stapes mobili¬ 
zation and stapedectomy 10 Boucheion 11 leported 60 cases 
in which he excised the postenoi half of the dium, separated 
the incus fiom the stapes and mobilized the stapes Miot ,= 
lepoited 200 cases of stapes mobilization m which he ob¬ 
tained only slight, tempoiaiy impiovement in healing He 
believed that best lesults weie obtained in eaily cases and 
that mobilization was not effective aftei complete ankjlosis 
Feiaci 13 iepoit:d some success with mobilization Blake," 15 ,c 
Jack, 1 ' 1 ' and Burnett, 1 ” in America, tiled mobilization but 
eventually turned to stapedectomv perfoimed tluough mynn- 
gotomy incisions The subject of oval window surgery dis- 
appeaied from the literatuie aftei 1900 The following 
statement by Souidille =0 is lepiesentative of the thinking that 
led to the abandonment of this type of suigical proceduie 

The footplate of the stapes is so fixed bij an osseous piocess 
and its ci in a so nedgcd m by the boideis of the defoimed 
oval ivindou that extiaction of the ossicle is piactically im¬ 
possible If one exeits tiaction on the cima they ai e cei tain 
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W P Anthony, 

Foit Worth, Texas 

INTRODUCTION AND EVOLUTION OP THE PROBLEM 

The i etui n to populauty of direct suigical attack upon the 
stapes foi impioving hearing m otoscleiotic deafness came 
slowly After reading Rosen’s 4 2 first articles on stapes mobi¬ 
lization, I was skeptical, because I felt that most stapes fixed 
by an otosclerotic piocess would not mobilize, and if they 
weie mobilized, fixation would quickly lecui Followup le- 
poits 34 ' 4 confiimed my first objection to the pioceduie (a 
low peicentage of good lesults), but other leports 67 ’ 8 lefuted 
my second objection that results would be short lived, theie- 
foie, I decided to leam the necessary technique and acqune 
the necessary skill to piactice this pioceduie The idea of 
piacticing a proceduie which would result in disappointment 
to appioximately two-thuds of the patients operated on was 
so unpalatable, however, that m Novembei, 1955, I decided 
to work out a stapes mobilization technique which would 
lend itself to immediate Lempert fenestiation m case of 
failuie 

That is the backgiound of the present study, begun in De- 
cembei, 1955, and continued with its intei estmg lamifications 
to the present 

The pioblem of suigical technique, the fust to piesent itself, 
was not exceedingly difficult to solve, and is lepoited m 
the fust part of this papei undei technique and piesentation 
of cases 

Establishing methods to determine accuiately which stapes 
mobilizations weie failuies, and m which to pioeeed with a 
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Di Lempert, 35 who indicated, upon mquiiy, that he did not 
do the stapes mobilization operation Moie lecently mforma- 
tion has become available concerning tins practice used by 
a few otologists m Amenca and a numbei abioad, wheie it 
appeals to be moie populai 

Tato 36 (Argentma) states that he lesorts to fenestration 
immediately if mobilization fails aftei eveiy effort has been 
made, and that m cases of appaient mobilization with doubt¬ 
ful healing gam he sometimes lesorts to fenestration, accoid- 
mg to peisonal impiessions 

Wullstem 3 " (Geimam) fiequentlv lists patients foi stapes 
mobilization—possible fenestration, and m case of failuie pio- 
ceeds with fenestration He makes the window in the knee of 
the external honzontal semicnculai canal and coveis it with 
a fiee graft 

Portmann 38 (France) leports that for stapes mobilizations 
he piefeis a letio 01 supiameatal approach, with adequate 
lemoval of oveihang foi exposuie of the lound window He 
dissects a long flap He believes that this appioach gives 
best conditions foi working on the stapes and windows He 
says, “In case of failuie to mobilize the stapes and, if the 
lound window is noimal, it allows the opening of the oval 
window by resection of the affected footplate, 01 the possi¬ 
bility of immediately completing the operation by classical 
fenestration ” 

Cebnan 30 (Spam) says that, “When both ciura aie bioken, 
the stapes 01 the mcudostapedial articulation is luxated, 01 
a noticeable heaung gam is not obtained, we immediately pei- 
form a fenestration so as to spaie the patient a second opera- 
tion ” Cebnan 40 places gieat emphasis upon observation of 
the lound window and its membrane as a cutenon of success 
He stiesses that if the membrane 01 its light iefle\ can be 
seen to move when the stapes is palated, the stapes must 
surely have been mobilized 

In Canada, Smith 41 has combined the pioceduies The only 
fault he and his associates have found with the combination 
procedure is the time consumed m shifting fiom one opera- 
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to be fractured aud theie is no othei way of oaising the foot¬ 
plate Besides, be assui ed that even if this could be done, the 
huge communication established between the hole opened by 
the ablatum of the tympanies and the labyrinth will peimit 
infection to entei and ivill thus lead to inevitable total deaf¬ 
ness It was this simple conception which led in 1900 to an 
official condemnation of the opeiation which was so seveie 
that we ai e still influenced by it 1937 

The dnect loute to the mnei eai having been abandoned, 
suigeons turned to fistulation of the horizontal semicnculai 
canal Jenkins, 21 Baiany, 22 and Holmgien 23 24 ' 25 contubuted 
to basic pioneering m this field Holmgren mtioduced micro¬ 
scope and magnifying glass to otosclerosis suigeiy Soui- 
dille 26,2 ° developed a thiee-stage tympanolabynnthopexy, 
which he leported at the New Yoik Academy of Medicine, 
and Lempeit, 27 m 1938, reported his piactical one-stage pio- 
cedure which with modifications, came to be the keystone of 
suigeiy for otosclerosis 

In 1946, Lempert 28 leported a technique foi detaching the 
tympanic membrane fiom its annulai attachments as a suig- 
lcal approach to the middle eai for tympanosympathectomy 

In 1952, Rosen, 1 adapting Lempert’s appioach to the middle 
eai to verify the diagnosis of otoscleiosis pnor to fenestiation, 
accidentally mobilized the stapes The patient’s impiovement 
m hearing was dramatic and long lasting 

This mspned Rosen 2 to work out a stapes mobilization tech¬ 
nique This technique has been modified and lemodified 
by many authors, 20 30 31 32 53 and is now used by neaily all 
otologists before they consider the fenestration opeiation m 
cases of otoscleiosis 

At the outset of this investigation, the hteiatuie was com¬ 
pletely silent about combining the stapes mobilization an 
fenestiation proceduies That Lempert 34 had spoken of suci 
a proceduie was known to me, howevei, a copy of his papei, 
“Evolutionary Piogiess m the Suigeiy of Middle Ear Dea - 
ness,” piesented m Apul, 1955, before the New Yoik Acad¬ 
emy of Medicine, was not available fiom the Academy oi from 
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eitliei a stapes mobilization opeiation 01 fenestiation opera¬ 
tion weie given a choice They could have the stapes mobili¬ 
zation opeiation bv itself with the understanding that a 
fenestiation would be done aftei the healing was complete, 
if the mobilization failed, 01 thev could have the stapes 
mobilization proceduie with piepaiation made so that, m 
event of failuie, geneial anesthetic would be lmmediatelv 
admmisteied and fenestiation immediately peifoimed 

TECHNIQUE 

Premedicahon Chloipiomazme hvdioclilonde (Thorazine) 
25 mg is given mtiamusculailv 45 minutes pieopeiativelv 
Anothei 25 mg ampule is sent to the opeiating loom with the 
patient in anticipation of severe anxietv, oi the occasional 
vertigo oi nausea accompanying mobilization Chlorpioma- 
zme hydrochloride (Thoiazine) tends to contiol anxietv with¬ 
out dulling the patient’s senses to the point of uncoopeiative- 
ness 

With the patient undei local two pei cent lidocame (xilo- 
came) liydiochlonde and epinephrine anesthesia, a legular 
endaural incision is made A small amount of penostium is 
elevated postenoilv, and the outei thickened portion of the 
skin of the postenoi external canal is trimmed A mastoid 
letiactoi is then placed and the wound opened widelv A 
long flap is fashioned from the postenoi skin of the canal 
fiom 12 to 6 (mfenoih) instead of fiom 9 (antenorly) to 6 
(mfeiioilv) as done legulaih in the fenestiation, to a\oid 
an excess of ledundant flap m the canal while doing the 
stapes mobilization The flap is lifted from the canal wall 
with the penosteal elevatoi and folded forwaid (see Fig 1) 
The postenoi half of the dium is detached The detachment 
is not earned forwaid to nine o’clock antenoih, as in the 
ongmal Rosen technique, lest m lotatmg the flap into place 
following a fenestration one will put tension on the lower 
fiee portion of the dium, thus pieientmg its healing back 
to its mfenoi attachment, and thus pioducmg perforation 
(combined technique Case 1), which is difficult to conect 
Bone is curetted postenoih-superioih, if necessan, foi ade¬ 
quate visualization of the meudostapedial joint, stapedius 
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tion to the othei He believes that if the stapes appears to 
have been mobilized then one should not pioceed with a fenes- 
tiation regai dless of audiologic findings 

In the United States, Lindsay 42 has listed five cases to be 
done as combined pioceduies if the stapes fail to mobilize 
In two of them, the stapes mobilized and the piocedures weie 
discontinued In two cases mobilization appaiently was not 
achieved, and fenestiations weie immediately peifoimed In 
the othei case the stapes appealed to have mobilized satis¬ 
factory, but the audiograms failed to indicate satisfactoiv 
improvement in healing This confusion caused him to 
abandon the idea of the combined pioceduie 

In the United States, also, Knight 45 has peifoimed moie 
than 39 immediate fenestrations after unsuccessful stapes 
mobilizations He says that by continuing the opeiation he 
has not had the pioblem of the disappointed patient aftei 
unsuccessful stapes mobilization Study of the footplate and 
oval window m these cases aftei lemoval of the budge and 
a paitial ossiculectomy has levealed that usually the cruia 
weie fiactuied and, even with excellent exposure, it was 
impossible to mobilize the footplate 01 to cieate a fiactuic 
acioss it 

Fainoi 44 45 schedules cases having little chance foi success 
with stapes mobilizations as exploratoiy tympanotomy and 
fenestiation If he finds a small otosclei otic focus with easy 
mobilization, he stops If theie is a laige giowth of bone 
which would necessitate a gieat deal of manipulation aftei 
which secondary closuie would be likely, he pioceeds with 
fenestiation This he accomplishes by making the tians- 
meatal portion of the legulai fenestiation incision, cutting 
a long flap, then doing the exploiatory tympanotomy If the 
stapes mobilization fails, he makes the complete incisions 
and pioceeds with the fenestration 

PART I 

MATERIAL AND METHODS 

Foi nine months (Decembei 15, 1955, to Septembei 15, 
1956) all patients who weie consideied good candidates for 
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ical audiometiy Dui mg tlus fnst penod, \anous techniques 
of audiomehv weie tiled m the struggle to find an infallible 
method When the mobilization lesult was questionable, 
fenestiation was alwaxs defened The pioblem of establish¬ 
ing a cuteiion will be taken up latei undei a sepaiate heading. 

RESULTS 

Twenty -tinee patients weie listed as stapes mobilization— 
possible fenestiation dui mg this nme-montli penod On the 
table, six cases appealed to be obvious failuies, and immedi¬ 
ate fenestrations weie peifoimed In 17 cases, the stapes 
mobilization appeared to be eithei successful or questionably 
successful, and immediate fenestiation was not earned out. 
Fom of this gioup weie consideied to be failuies at the 
thiee-week postopeiatne audiometnc check One appealed 
to be successful at tluee weeks, but had diopped back to the 
pieoperative level m frve months Tlnee of these fi\e failuies 
submitted to latei fenestiations earned out two to se\en 
months postopeiativeh All weie successful The pienous 
long flap mobilization pioceduie did not interfere with sub¬ 
sequent fenestiation m anv wav Cases done as a combined 
proceduie aie reported herewith 

REPORTS OF CASES 

Case 1 A white woman age 55 wears was first seen in June 1053 for 
treatment of bilateral external otitis resulting from the use of a hearing 
aid Inquirv into her hearing problem revealed that she had had a 
bilateral progressive hearing loss accompanied by tinnitus for some 25 
vears 

Phvsical examination of the ears nose and throat was negnthe except 
for mild external oUtis which responded quichlv to treatment Tuning 
fork tests and audiograms revealed a bilateral hearing loss averaging 62 
decibels on the left and 60 decibels on the right in the speech frequencies 
Bone conduction audiograms indicated that the patient nas a borderline 
Class A candidate for a fenestration on the left and Class C on the 
right Medical examination and laboratory tests as well as roentgeno¬ 
grams of the mastoids were negative A fenestration operation on the 
left was recommended but declined however two-and-one-half 'ears 
later in January of 1^56 the patient agreed to a stapes mobilization 
operation to be followed immediatelv by a fenestration in event of failure 

Operation On January IT l'taS with the patient under local anesthesia 
an endaural incision was made and the usual fenestration flap was cut 
and elevated doyvn to the annulus flibrosis posteriorly The posterior 
half of the tympanic membrane was then lifted out of its sulcus and 
folded forward to expose the middle ear The incudostapedial joint was 
found to be unusually far anteriorly so that it yvas impossible to place 
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tendon, and stapes In all except two of these cases, the 
oiiginal Rosen 2 technique was employed foi actual mobiliza¬ 
tion of the stapes 

If the mobilization is successful, the long flap is leplaced 
and packed m place lightly with cotton balls ovei suigical 
layon 



Fig 1—A~ Incision used for stapes mobilization—possible fenestration 
procedure B Incision used for stapes mobilization on]' 

If the mobilization is unsuccessful the incision m enlaiged, 
the cortex is lemoved with the bui fiom the zygomatic ioute 
to the smoduial angle, and the usual fenestiation is earned 
out, the flap having been pieviously dissected and fashioned 

Cnteua foi success 01 failuie of stapes consisted of visual 
and tactile observations of the stapes, spoken voice, and suig- 
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On February 1, 1956 with the patient under local anesthesia an 
endaural incision was made and a long flap elevated down-ward to the 
tvmpanic membrane The posterior half of the membrane was lifted 
awav and folded forward, the incudostapedial joint was thus niceh 
exposed 

The Rosen mobilizer was placed anteriorly on the neck of the stapes 
and posterior pressure was made This resulted in fracture of the crura 
without evidence of increased hearing The patient was then given 
thiopental sodium (Pentothal) bv vein and intubated A fenestration 
procedure was done bv the cupola technique of Lempert. When an at¬ 
tempt was made to fit the flap before completing the window it became 
e\ ident that, in anticipation of a successful stapes mobilization and In 
an attempt to avoid the impediment of a redundant flap in the wa' for 
the mobilization the flap had been cut too short to cover the window 
properlv, therefore a split thickness graft was taken from the inside 
of the thigh with an electric dermatone It was placed over the window 
and the area ordinarily cohered b' the tvmpanomeatal flap It was 
placed so as to cover the drum completely Two other portions were 
perforated and placed superiorly and posteriorly so that the complete 
cavity was covered bv skin The graft was invaginated into the window 
and held by a small piece of cotton The cavitv was packed with cellu 
lose sponges and vaseline gauze over ravon strips 

The outer dressing was removed on the fifth dav as were the vaseline 
gauze and cellulose sponges The ravon strips and cotton were removed 
on the tenth dav 

Although the grafts seemed to take and the cavity became dr\ in time 
in nearlv all the cavitv the grafts have been replaced bv mucus producing 
epithelium The central graft covering the window has remained A 
posterior Inferior perforation of the drum has remained as in Case 1 

Hearing improved to a 3S db average in the speech frequencies and 
the improvement has remained 

Case 3 A white woman aged 32 vears was first seen in December 
1952 complaining of graduall' progressive bilateral hearing loss as 
sociated with roaring tinnitus on the left. 'She said that this hearing 
deterioration had begun about IS vears previously She heard better 
in noisv rather than In quiet places 

Physical examination was not remarkable Tuning fork tests and 
audiograms revealed a bilateral conductive deafness averaging 55 db on 
the right and 60 db on the left in the speech frequencies Bone conduc 
tion audiograms indicated that the right ear should be considered Class A 
for fenestration and the left a Class B for fenestration Medical exam 
ination routine laboratory tests and roentgenograms of the mastoids 
were normal 

A fenestration on the right was recommended but never accepted The 
patient returned in December 1955 however requesting a stapes mobill 
zation and consented to a combined procedure if the stapes mobilization 
failed 

On February 3 1956 with the patient under local anesthesia an end 
aural incision was made and a self retaining mastoid retractor was placed 
The long fenestration flap was elevated down to the tvmpanic membrane 
which was in turn lifted from its sulcus from 12 to 6 o clock posteriori' 
The Rosen mobilizer was placed on the neck of the stapes anterior!' and 
pulsating pressure made posteriori' The crura fractured There was 
no subjective improvement in hearing A fenestration was then carried 
out without incident while the patient was under general anesthesia. 
Postoperative recover' was uneventful 
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the Rosen mobilizer propeily on the neck of the stapes to make posterior 
pressure The ci ura were fractured eventually without improvement in 
hearing after an attempt to mobilize the stapes by anterior pressure at 
the neck 

Thiopental sodium (Pentothal) was administered intravenously, an 
intratracheal tube was Inserted and from this point a fenestration opera 
tion was performed in the usual manner The w indow was made by the 
cupola technique of Lempert, and the flap was invaginated into the 
■window In rotating the flap after this type of dissection (drum sepa 
rated to or past six o’clock (anteriorly), the posterior inferior drum 
margin tends to stretch fairlj tightlj and to pull away from the tympanic 
sulcus so as to produce (as in this case) a perforation difficult to heal 

Postoperative recovery was uneventful Seconder} split thickness 
graft from the inside of the upper arm was laid into the cavity on 
health} granulations on the twelfth postoperative day and healing was 
prompt As the cavity dried out and healed a wedge-shaped posterior 
inferior perforation was seen to exist This resulted in failure to obtain 
serviceable hearing 

On April 13, 1956, three months after the fenestration on the left a 
stapes mobilization was attempted on the right It also failed because 
of the anterior placement of the stapes as on the left, which made 
manipulation by the Rosen technique impossible * 

Sporadic attempts to close the perforation in the left failed because 
the patient was unable to return regulaily for tieatment 

In Januar}, 1957 one }eai after her fenestration operation the per 
foration was grafted by the method of Wright 48 The cavity was exposed 
bt incising through the old scar superlorl} and spreading the meatus 
with a self retaining mastoid retractor With this exposure, the epithe¬ 
lium was removed about the perforation for a distance of 5 6 mm with 
the angled chalazion curettes A small split thickness graft was le- 
moved from the non hair bearing skin of the mastoid process laid over 
the perforation and made to overlap the perforation by 6 7 mm in all 
directions The graft was held in position bt small cotton balls placed 
against it lightly without pressure 

The patient left the hospital on the second postoperative dav The 
cotton balls and sutures were lemoved on the fourth day The hearing 
level now averages 22 db in the speech frequencies two months post 
operativelv The cavity is dry and the tympanic membrane is intact 

Case 2 A white woman, aged 48 }ears first seen in Januarv 1956 
complained of bilateral deafness of about twenti years’ duration She 
denied pain discharge or vertigo but said that she had a roaring tinnitus 
most of the time Her hearing defect had at first been rapidl} pro¬ 
gressive but had not seemed to change in recent years 

Ph}sical examination was not remarkable Tuning fork tests and 
audiograms letealed a bilateral conductive hearing loss averaging 55 ub 
on the right side and 57 db on the left Bone conduction audiograms 
indicated that the right ear fell into Class B and the left Class A tor 
fenestration Medical examination, laborator} tests and roentgenograms 
of the mastolds were normal 

The right, or poorer ear was selected for operation An immediate 
fenestration was recommended if a stapes mobilization failed to improi 
hearing on the table 

•This stapes was successfulH mobilized recentl} by translncudal pres 
sure with the Derlacki mobilizer 
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not going ahead with the secondary fenestiation pioceduie if 
the least possibility of a successful mobilization existed Tech¬ 
nique had ceased to be a pioblem 

Discussions at the meeting of the Amencan Academy of 
Ophthalmology and Otolaryngology m Octobei, 1956, (House 4 ' 
and Kos 4 ') bi ought out a possible situation that I had not 
encountei ed m my piactice What about the patient who 
appaiently has no impiovement at the time of mobilization 
but latei, up to tlnee months, demonstiates a stnkmglv 
successful iesult ? These “sleepers” could be unnecessaiilv 
subjected to fenestiation bv combining the two pioceduies 
unless moie accuiate means of evaluating lesults on the table 
could be found 

Baion 40 also had spoken out against the combined pioceduie 
He piesented one case in winch the cruia weie fiactuied, 
but the footplate was mobilized Suigical audiometry im¬ 
mediately aftei the pioceduie showed a very pooi lesult, the 
heaung was woise Two weeks postopeiati\elv an audio- 
giam levealed that the an-bone gap had been closed On 
tins basis, Baion concluded, “The evidence lieie is cleai that 
one cannot tell at the time of suigeiv whethei 01 not the 
mobilization is successful ” He believed that fenestiation 
should alwavs be defened until lesults of stapes mobilization 
can be piopeily evaluated 

I abandoned the combined pioceduie pending fuithei evalu¬ 
ation of this new pioblem, which I had not lecogmzed 

Whethei I had done unnecessary fenestiations, 01 could 
possiblv do them in mv present mode of piactice and, if so, 
what I might do to pievent such enois became a piessmg 
issue, theiefoie, I decided on two studies 

1 I would um a senes of cases of stapes mobilization onh 
At the time of opeiation, I would applv all cntena and judg¬ 
ment at mv disposal On this basis, I would decide whethei 
oi not a fenestiation should have been done m each case had 
it been scheduled as a combined pioceduie Then I would 
compaie these on-the-table judgments with postopeiative 



1960 


ANTHONY STAPES MOBILIZ FAILURES 


Secondary skin giafts were laid into the cavity on clean granulations 
on the eighteenth daj after operation Healing was satisfactory Hear 
ing has improved and been maintained at the 25 decibel level in the 
speech frequencies 

Case 4 A white woman, age 50 years, first seen on March 17, 1956 
complained of hearing loss for 25 years She said that the loss had been 
progressive and accompanied by occasional roaring tinnitus, and that 
she had worn a hearing aid for two years 

Physical examination of the ears, nose and throat was normal Tuning 
fork tests and audiograms revealed a conductive deafness of 55 db in the 
speech frequencies on the right and 48 db on the left Bone conduction 
audiograms indicated that she -would be a Class A candidate for fenestra 
tion in either ear Discrimination scores were 84 per cent right and 88 
per cent left 

A stapes mobilization was recommended on the right (poorer ear) to 
be followed immediately by a fenestration in case of failure 

On May 19, 1956, while the patient was under local anesthesia, an 
endaural incision was made and fenestration flap was elevated The 
posterior half of the membrane was freed and folded forward The 
incudostapedial Joint was well visualized after curettage posterosuperiorly 
The mobilizer was placed anteriorly on the neck of the stapes Posterior 
pressure produced motion of the head posteriorly, but neither voice re 
sponse oi pure tone audiometry in the speech frequencies indicated any 
improvement in hearing A fenestration was, therefore, carried out with 
the patient under general anesthesia It was without unusual incident 
as in the previous cases, and postoperative recovery was uneventful 
The cavity was secondarily grafted with split thickness grafts from the 
Inner surface of the arm on the sixteenth day The cavity healed quicklj 
Hearing improved to a 20 decibel average loss in the speech frequencies, 
and the improvement has been maintained 

Cases 5 and 6 are in no way essentially diffeient fiom Case 
4 In both cases, the Rosen maneuvei lesulted in fractuie of 
both cruia Voice tests, as well as pure tone audiometry, 
indicated that no improvement m hearing had been obtained 
Fenestrations were done, the cavities secondanly skm grafted, 
and anticipated improvements m healing were obtained and 
have been held 

No loss of cochleai function in any of these six cases was 
obseived in postoperative bone conduction audiogiams 

PART II 

THE SPECIAL PROBLEM OF ESTABLISHING AND EVALUATING 
CRITERIA OF SUCCESS OR FAILURE OF STAPES 
MOBILIZATION AT THE TIME OF SURGERY 

Up to this point, a combined pioceduie appaiently had no 
majoi disadvantages if one eued on the side of safety m 



Fl e 2_A Audiometer receiver %\ Ith stethoscope bell and tube firmly 

fixed to face B End of rubber tube placed in ear speculum during testing 


important in guidance as the aveiage amplitude of lesponse ” 
They used the Fletcher 51 formula foi convei ting puie tone 
threshold to an equivalent speech reception thieshold This 
is done by aveiaging the two best lesponses of the thiee (500, 
1000 and 2000) fiequencies tested foi an SRT, or single 
“figuie of ment” foi companson of steps in the suigical 
audiometnc pioceduie The analjsis of Goodhill and Hol¬ 
comb 50 of 20 tvpical successful stapes mobilizations showed a 
gam of 5 db at 500, 10 db at 1000 and 10 db at 2000 bet\ een 
stage 2 and 3 (the cutical stage) , theiefoie, I adopted the 
loutme of “dnect vision” audiometry, doing puie tone thiesh- 
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audiogiams I would try to coirelate percentage of on-the- 
table enois in judgment with criteiia applied 

2 I would question othei otologists about criteria of success 
and the incidence of apparent failuies on the table lesultmg 
as successes postopeiatively 

THE DIRECT VISION TECHNIQUE IN SURGICAL AUDIOMETRY 

Eaily m my expenence with suigical audiometry, I had 
noticed that the windows would not infrequently fill with 
blood during the long penod of testing when the middle eai 
was hidden fiom vision by a steule towel and audiometei le- 
ceivei Distiustmg the audiogiams obtained by this means, 
I devised a “diiect vision” technique of “compaiative suigical 
audiometry ” 

An ADC poi table audiometer was used The cn culai 
rubber ear mold was removed fiom the leceivei or eai phone 
A stethoscope bell with a detachable 18-mch lubber tube was 
placed fiimly against the centei of the face of the leceivei, 
and the rubbei mold was then leplaced tightly supporting 
the stethoscope m position fnmly against the eai piece (see 
Fig 2) The lubber tube was kept sterile and attached to 
the bell by a Luei-Lok only when testing The stethoscope 
bell and rubber tube guided the sound dnectly to the ear 
speculum, which lemamed m place 

The 10-15 db dampening effect of the lubber tube on the 
sound was such that audiometric measurements done m this 
way could not be compaied accuiately with preopeiative audio- 
grams, and it was used only to eompaie the second (dium 
off piemobihzation stage) with the thud (dium off post- 
mobilization stage) and was, theiefoie, lefeired to as ‘‘com- 
paiative audiometry” only Between each change m intensity 
of each fiequency, the tube could be lemoved fiom the specu¬ 
lum and the windows examined, thus the teim “dnect vision 
audiometiy This method also had the advantage of cutting 
out extianeous noises in the opeiatmg suite dining testing 

Goodhill and Holcomb 50 pointed out that, “Disciete fie¬ 
quency characteristics m suigical audiometry aie not as 
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was defined as an aveiage 10 db 01 moie gam m the speech 
fiequencies ovei the pieopeiative aveiage In these patients 
unnecessary fenestiations could haie been perfoimed if tliej 
had been scheduled foi combined pioceduies and no othei 
ciitena had been lelied upon In all foui patients, visual 
and tactile impiessions, as well as lesponse to voice tests, 
indicated that mobilization of the stapes had been accom¬ 
plished This cuteiion accuiately indicated success m 35 
patients oi 53 8 pel cent, and accuiately indicated failuie m 
10 patients oi 15 4 pei cent It maccuiately piedicted success 
in seven patients who shoved no impiovement at the tlnee- 
month check 

Audiometry could not be earned out in 9 of the 65 patients 
(13 8 pei cent) foi the following leasons 

1 Ovei sedation m two patients 

2 Excess bleeding in one hvpei tensive patient in whom 
adienalm could not be used foi hemostasis 

3 Audiometei out of lepan when tvo patients weie opei- 
ated on 

4 In one patient, the stapes was inadvertently mobilized 
by tiansmcudal piessuie m obtaining piopei exposiue by 
cuiettage 

5 Tluee patients weie so deaf that the 10-15 decibel dam¬ 
pening effect of the tube on the soimd tiansnntted tlnough it 
made piemobilization audiometiy impossible bv the “dnect 
vision” technique 


THE QUESTIONNAIRE 

In May, 1957, while the foiegoing data veie being accumu¬ 
lated, an attempt was made to find out how othei otologists 
v eie solving these pioblems of suigical audiometry, ciitena of 
success, and the problem of the patient with appaient failuie 
who latei gained healing I wanted to see also whethei 
theie existed any particular cuteiion oi method of audiometrv 
that umfoimly and accuiately piedicted success oi failuie 
on the table in the hands of moie than one otologist 
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olds only twice, once just befoie mobilization and again im¬ 
mediately aftei mobilization The tests weie repeated aftei 
successive mobilization attempts if necessaiy Only the 
fiequencies 500, 1000 and 2000 weie tested If lesponses 
foi the second audiogram weie 10 db bettei than the fust 
m any two fiequencies, the case was recoided as “successful ” 
Any less impiovement was lecoided as “failuie” Since the 
adoption of this technique and this cuteiion of success, 65 
stapes mobilizations have been peifoimed No combined 
pioceduies have been done, but at the time of the thiee-week 
postopeiative audiogiam and again at the tluee-month check 
I asked On the basis of the cuteiion employed and its lesults 


TABLE i 


Results of Direct Vision Technique of Suigleal Audiometi} In 
66 Consecutive Cases of Stapes Mobilization 


Inapplicable foi vaiious reasons — 
Accuiatel) piedicted success in 
Accuratelj predicted failuie In _ 
Inaccuiately predicted success in 


Inaccuratel} predicted failure in 


„ 9, or approximately 13 S% 

35, oi appioximateH 53 8% 

10, or approximately 15 4% 

7, or approximate!} 10 S% 

■which vere 
failures at three- 
month check 

4, or approximately 6 2% 
which were sue 
cessful at three- 
month check 


65 


100 0 % 


at the time of opeiation, could an unnecessaiy fenestiation 
have been pel formed 9 

RESULTS OBTAINED BY USING DIRECT VISION AUDIOMETRY 
AS A CRITERION 

An attempt was made to use the dnect vision technique of 
suigical audiometiy in 65 consecutive patients (see Table I) 
m whom stapes mobilizations weie done between Julv 1, 1956, 
and June 15, 1957 In foui patients, oi b 2 pei cent, this 
enteuon inaccuiately indicated failuies at the time of sing- 
eiy but latei audiometuc tests (tluee months postopeiative) 
indicated that the opeiations had been successful Success 
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No geneializations were possible about cntena, but thiee 
points weie of inteiest 1 The foui otologists who stiessed 
visualization of the footplate and lound window lepoited 
consideiably less tlian aveiage enois in piognosis on tlie 
table, 2 It may be quite significant that the otologist who 
uses the pattern of sound coming fiom a vacuum pump le- 
ported no failm es on the table who have later gained heai mg, 
8 Of the two otologists stiessmg leversal of the Emne test, 
one leported 2 pel cent failuies on tlie table—latei healing— 
the otliei lepoited “verv few ” 

Additional conmient on the oveiall subject of the combined 
pioeeduie was veiv inteiestmg and laised many mteiestmg 
thoughts 


Enthusiastic about the combined procedure- - _ ~ ~ 3 

Adamantlv against- - —- — 3 

Generally faiorable to (he idea — .. -- 6 

Skeptical because of specific problems that came to mind _ — IS 
Interested but no special feeling pro or con __ - _ 20 


One otologist verv significantly pointed out that since 
simple stapes mobilizations have been known to pioduce 
cochleai damage, it would be woise to attack the labtnnth 
twice at one sitting 

Tlnee otologists regulailv schedule cases as stapes mobiliza¬ 
tion possible fenestiation 

One objected to the combined pioeeduie because it defeats 
the simplicity which chaiactenzes the stapes mobilization 
pioeeduie 

Two felt that a combined pioeeduie w r ould solve the pioblem 
of the stapes mobilization failuies who will not letuin foi 
fenestiation 

One said that the combined pioeeduie “sa\es the patient a 
gamble ” 

Two expressed feai that the flap might not fit 

Foui objected on the basis of the difficult ps\ chological and 
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Letteis weie sent to 88 otolaiyngologists known to me 
peisonally to be doing otoscleiosis suigery 01 assumed to be 
doing tins suigeiy by virtue of membeiship in the Otoscleiosis 
Study Gioup A buef explanation of the pioblem was given, 
and the following mfoimation was lequested 

1 In how many, oi m appioximately what peicentage of 
youi stapes mobilizations have you obseived late healing 
impiovement m cases which weie appaiently failuies at the 
time of opeiation’ 

2 What cuteiia weie employed at the time of opeiation to 
decide whethei the pioceduies weie oi weie not successful’ 

S Any additional comment you caie to make concerning a 
combined stapes mobilization fenestiation piocedure would 
be gieatly appi eciated 

Moie oi less complete lephes veie leceived fiom 50 otolo¬ 
gists The peicentage of appaient failuies impioving latei 
was given anywheie fiom 0 pei cent to 42 pel cent The 
median was 7 5 pei cent of total cases Most peicentages 
given weie approximations lathei than actual counts 

As foi ciitena, 26 used some foim of pure tone audiometry, 
and 10 of them specified foui-stage audiometry Eleven in¬ 
dicated that voice oi speech tests weie employed with the 
audiometry Six used voice tests only 

Foui stiessed the use of tuning folks, and two laid heavy 
emphasis upon leveisal of the Rmne test as a cuteiion 

One suigeon ingeniously and uniquely uses a Soienson 
lotaiy electnc vacuum pump which has a low hum Befoie 
the opeiation, this suigeon asks the patient if he can heai the 
hum of the machine and lepeats the question aftei the stapes 
is mobilized All of this otologist’s patients m whom mobili¬ 
zation was successful have been able to heai the pump He 
has had no late successes which weie thought to be failuies on 
the table 

Foui stiessed visualization of the footplate and lound win¬ 
dow membiane 
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tiation so foimidable oi destiuctne that its perfoimance m 
this small percentage should contra-indicate an otherwise 
leasonable and adiantageous si stem of practice’ At tins 
point, no strong contra-indication to the combined proceduie 
seems to exist The choice of pioceduie evokes as one of 
personal piefeience 

In patients m whom fenestiation of the o\al window, 
clnseling, 01 othei excess trauma to the footplate is antici¬ 
pated, a fenestiation should not be consideied for feai that 
two inflammation-pioducmg assaults upon the labvunth might 
result m loss of cochleai function It is because of the m- 
ci easing populantv of these footplate pioceduies tliat the 
combined pioceduie is not likely to come into general use 

DISCUSSION 

When one considers whethei to piactice sepaiate stapes 
mobilization and fenestration proceduies or the combined 
pioceduie, a host of majoi as veil as nnnoi advantages and 
disadvantages of the two concepts becloud one’s judgment 
The individual otologist must place them m piopei perspectne 
m making his own decision Haiing tempoiarilv discontinued 
practicing the combined pioceduie foi appioximatelv one 
veai while collecting data foi a pait of tins stud\, I find it 
difficult to decide whethei 01 not to lesume the procedure 

The following factors must be eialuated m making a de¬ 
cision 

1 Failure to heai aftei stapes mobilization has a bad psv- 
chological effect on the patient Failuie occasionally ma\ 
lesult m bitterness, but more often in loss of confidence m 
surgerv as a means of rehabilitation The patient then is de- 
prned of ha\mg semceable hearing ultimate!} lestored bv 
returning foi fenestration or stapes mobilization of the op¬ 
posite ear E\ en m the patient who plans to go ahead w ith 
furthei surgerv after a stapes mobilization failure, the anx- 
leti and waiting between operations m undesirable and is 
aioided bi the combined procedure 

2 Cost to the patient in time and monei is increased bi 
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economic pioblems involved in. piepaung a patient foi a 
majoi or a minor pioceduie with subsequent long 01 short 
hospital stay 

Three objected on the basis of the difference m piemedica- 
tion for two pioceduies, that is, a patient piemedicated only 
for a stapes mobilization is not piepaied foi fenestiation, 
also, some opeiatois sedate stapes mobilization patients so 
heavily that they cannot leliably lespond to heaung tests 
upon which the decision to fenestiate may be based 

One objected that unnoticed blood in the middle eai might 
interfeie with the accuiacy of the audiogiams 

Three suggested parts of the following thought that foot¬ 
plate peifoiation, stapedectomy, and othei such suigical at¬ 
tacks upon the oval window would not only lender the hearing 
tests unreliable as far as piedictmg ultimate success of the 
operation, but also supplant the classical fenestiation opera¬ 
tion as a secondary procedure m case of failure of simple 
mobilization 

One objected to excess bleeding and unwieldiness of the 
Iaige flap 

Under additional comments, the dangers of stapes mobili¬ 
zation were stiessed Two otologists knew collectively of 
foui dead labyimths and one fatal meningitis lesultmg fiom 
stapes mobilization opeiations 

CONCLUSIONS 

The problem of technique, in combining the stapes mobili¬ 
zation and fenestiation pioceduies if the foimei fails, lends 
itself to simple solution It may be consideied piactical 

The special pioblem of establishing adequate critena upon 
which to base the decision to pioceed with the fenestiation 
appeals to be surmountable With adequate magnification, 
illumination, and exposuie combined with painstaking dnec 
vision audiometric conti ol, veiy few patients submitting 
themselves to such a stapes mobilization-possible fenestiation 
proceduie would be unnecessanly fenestiated Is the fenes- 
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ery has affected and will have fuither impact upon the con¬ 
cept of the combined stapes mobilization and fenestiation 
proceduie 

a Perfoi ation of the footplate 3153 mav result in improved 
hearing on the table with latei loss, and may thus cloud the 
ciitena of success at the time of opei ation This situation 
could not lesult m unnecessary fenestiation, however, because 
the erroi would encouiage failuie to do a needed fenestration 

b If simple stapes mobilization has been known to produce 
dead labyrinths and fenestrations only have been known to 
produce dead labyimths, then combining these piocedures 
might be expected to mciease the numbei of these catas¬ 
trophes The combined pioceduie, howevei, should be safe 
m cases in which the footplate is heavily oveigiown and 
surgical attack is not attempted, or where it is attempted and 
found to be futile Good magnification and exposuie are 
most important 

c The piactice of removing the stapes, as suggested by 
Portmann and Clavene , 55 Rambo , 54 Wullstem , 54 and Shea , 54 
could conceivably lesult m all manipulations being confined 
to the oval window m the futuie If stapes mobilization 
fails, the stapes is lemoved m toto Then the stapes is le- 
placed with "plastic substitution” (Wullstem, Shea), 01 the 
eai drum is placed dnectly ovei the opened oval window 
(Rambo), 01 a portion of a pieviously fashioned laige tvni- 
panomeatal flap is mvagraated down into the middle eai over 
the opened oval window (Portmann and Cla\ene) The gen¬ 
eral adoption of this concept would eliminate completely* the 
use of a combined stapes mobilization, fenestia-nov~o\ahs 
operation 

6 Unfortunately all patients on whom combined pioceduies 
aie anticipated must have legulai endauial incisions which 
prove to be unnecessary m the majority of patients who 
ordinarily lequire only stapes mobilization Thus the patient 
whose mobilization is successful is penalized by the necessity 
of a mastoid dressing, extra tiauma, bleeding and pain 

7 The fashioning of a long tympanomeatal flap pnoi to 
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two hospital admissions and two opeiatmg 100 m chaiges 
The combined pioceduie is moie economical foi patients ie- 
qumng two opeiations 

3 The length of time consumed m peifoimmg a combined 
opeiation is veiy gieat, especially if a numbei of attempts 
are made to mobilize the stapes and each attempt is followed 
by an audiometnc check A suigeon may veiy well be ex¬ 
hausted by the time he must perform the most cutical part 
of the fenestiation opeiation Gieat inconvenience to all 
pel sons concerned with the use of the opeiatmg loom is 
caused by scheduling patients foi combined pioceduies, be¬ 
cause the time involved is unpredictable, it may lange fiora 
a few minutes to all morning If theie is any possibility 
that a patient scheduled as combined will lequne fenestiation, 
the suigeon can scaicely list moie than one patient m a 
morning Of couise, the problem created is no gieatei than 
that fiequently encounteied m cancel suigeiy m scheduling 
a patient foi biopsy and possible ladical lymph node dis¬ 
sections 

U Sedation must, to a degiee, be sacuficed if the patient 
is to be aleit and coopeiative enough to respond accuiately 
to audiometnc examination on the table I suspect that many 
piognoses of failuie made on the table and latei lefuted weie 
the lesult of heavy sedation The piactice of giving only 25 
mg of chloipiomazme hydiochlonde mtiamusculaily befoie 
opeiation had seemed to allay the patient’s tensions but leave 
the patient alert enough to be checked audiometncally If 
considerable nausea oi veitigo occui oi the patient becomes 
tense, anothei 25 mg of chloipiomazme hydiochlonde may 
be given mtiamuscularly or mtiavenously 

I have used 10 mg of piochloipeiazme (Compazine) re¬ 
cently instead of 25 mg of chloipiomazme hydiochlonde 
(Thoiazme) The phaimacologic action is essentially the 
same, but the dangei of the occasional jaundice following the 
use of even small doses of chloipiomazme hydiochlonde is 
avoided 

5 The mcieasing popularity of footplate peifoiation and 
stapedectomy m the lapidly changing scene of otologic surg- 
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nifleant minimum Though tests pei formed by this technique 
would seem to be lendeied ineffective by the lack of sound 
protection for the round window duimg the test, nevertheless, 
its lelative reliability is supported bv clinical observation 
when it is peifoimed as descubed 

The lecent tendenev has been foi stapes and oval window 
pioceduies to become boldei and consequently moie tiaumatic. 
Though these new concepts aie titilatmg to the cunosi ty 
and inventive genius of otologists few can be considered 
atiaumatic, well controlled, 01 likely to pioduce high peicent- 
ages of long lasting lesults The disappointing histoiy of 
stapes mobilization and o\al window suigery in geneial, pnor 
to the turn of the Centuiv, ma\ well be upon the thieshold 
of repeating itself Let us hope that some middle ground 
mav be found befoie these pioceduies aie once again “of¬ 
ficially condemned” as m 1900 To the otologist the labiuntli 
should be held neai sacied If we aie to defile it, should it 
not be bv way of the veil contioiled classical fenestiation 
opeiation which time has established as a highly successful 
and lelativelv safe pioceduie’ The concept of the combined 
stapes mobilization fenestiation pioceduie offers a safe middle 
ground if the opeiatoi confines his efforts at mobilization 
to simple maneuvers which pioduce onh minimal tiauma. 
It would offei a safe middle giound foi all opeiatois, e\en 
those vho prefei radical footplate pioceduies, if only adequate 
ciitena could be de^ eloped by which an operatoi might know 
with reasonable certamts, m which cases the stapes might 
mobilize v ith minimum tiauma and m which cases even 
ladical proceduies would be useless Time ma\ gne these 
answ em 


SUMMARY 

Occasionallv in this countn, but moie frequently abioad, 
the stapes mobilization is immediatelv followed b\ fenestia¬ 
tion m case of failuie Tins papei attempts to evaluate the 
piactice and the rationale underlying it A technique de- 
^ eloped for such combined proceduie is descubed Tvenfr- 
three consecutne opeiations listed as stapes mobilization. 
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stapes mobilization has advantages and disadvantages In a 
nanow canal, the long flap may be ledundant and awkwaid, 
and may to some degiee obstiuct vision On the othei hand, 
with this type of piepaiation, bone may be lemoved without 
difficulty foi bettei exposuie I, personally, feel that visuali¬ 
zation and maneuvei ability of mstiuments aie easiei than 
tluough the speculum as employed m the legulai technique 
This fieedom of motion is especially helpful m cuiettmg the 
oveihang poster 10 -supenoily foi bettei exposuie of the mcudo- 
stapedial joint and stapedius tendon 

a In an attempt to avoid the long ledundant flap, one is 
tempted to cut it too short to covei the fenestia adequately 
{Case 2), and one must then use a fiee giaft This pitfall 
is solved by expenence Knight 43 has not encounteied this 
difficulty m moie than 39 operations 

b Anothei pitfall m technique is inadvertently ci eating a 
postopeiative posteno-mfeiioi peifoiation of the dium If 
the dium is detached mfenoily anywheie neaily as fai foi- 
waid as Rosen 4 s descnbed m his ongmal technique, the m- 
fenoi pait will pull away horn the bone mfenoily when the 
flap is lotated This defect is not obvious at the time, but it 
is appaient postopeiatively (see Case 1) 

c An advantage of the longei flap is evident when an in- 
adveitent teai m the postenoi pait of the dium occuis 
Sliding the long flap medially piovides adequate extia skm 
so that the law edges of the teai may be oveilapped 

8 Those who, aftei failuie to mobilize the stapes, piefei to 
attempt the opposite eai and again le-entei the fust eai foi 
revision pi 101 to fenestiation, will find little use foi a com¬ 
bined pioceduie Eithei the suigeon will eventually succeed 
in obtaining healing by stapes mobilization only, oi the pa¬ 
tients will give up 

I do not believe that the “direct vision” technique of suigical 
audiometiy, oi any foim of audiometiy, is a panacea foi detei- 
mmmg success oi failuie of a stapes mobilization at the time 
of opeiation It has, howevei, in combination with visual and 
tactile impiessions, l educed any maigm of enoi to an msig- 



ANTHONY STAPES MOBILIZ FAILURES 


1975 
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possible fenestration, of which six were actually performed 
as combined procedures, are leported 

The special problem of developing cntena to deteimme at 
the time of stapes mobilization if fenestration is necessary is 
discussed A “direct vision” audiometry technique is de¬ 
scribed and suggested as one criterion This cnteuon was 
evaluated by applying it at time of opeiation to 56 stapes 
mobilizations cases and comparing its prognosis to the final 
outcome of the cases This audiometry technique appears 
to be a reasonably accuiate mdicatoi In this series of 
56 cases only four, or 7 1 pei cent, would have been un¬ 
necessarily fenestrated, even without the aid of visual and 
tactile impressions and voice tests which belied the audio- 
metnc findings m these foui cases A fenestration would 
have been done on none of these patients 

Analysis of questionnaire responses fi om 50 otologists 
failed to reveal an on-the-table criterion for predicting post¬ 
operative results of stapes mobilization which was uniformly 
accurate m the hands of different otologists Using various 
combinations of cntena, the median per cent of enois m 
judgment, which could have resulted in unnecessary fenestra¬ 
tions, had the combined pioceduie been used was 7 5 per cent 

An attempt is made to leview and discuss the many facets 
of the case for and against the concept of a combined stapes 
mobilization fenestration It is concluded that this choice 
will lemain one of peisonal preference, foi there is no stiong, 
firm contra-indication to a combined procedure except when 
extensive traumatising footplate woik has accompanied the 
stapes mobilization procedure No loss of cochleai function 
was observed in postoperative bone conduction audiogiams in 
any of the six patients on whom the combined stapes mobiliza¬ 
tion fenestration pioceduie was peifoimed 
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ALUMNI ASSOCIATION OF THE NEW YORK EYE AND 
EAR INFIRMARY 

The Annual Spnng Meeting of the Alumni Association of 
the New York Eye and Eai Infirmary last April was so w ell 
recen ed that it has been decided to expand next 5 ear’s meet¬ 
ing, which will take place from Apiil 20-23, 1959 

Symposia and lectures on Hearing Rehabilitation, Endo¬ 
scopy, and Ear Suigery will be conducted It is also planned 
to offer refresher courses m Mastoid and Fenestration Sur¬ 
gery and Stapes Mobilization Tecliniques 

More complete information regarding the meeting Mill 
appeal m a later issue of The LARYNGOSCOPE 
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be, 5 No confusion of the patient, and no need foi his as¬ 
sistance, theiefore, no difficulty m cases of paralysis, trem- 
01 s, etc. 

Disadvantages The salpmgoscope is largei, heavier and 
more expensive than a simple ear tube 

Inflation of difficult patients In this connection, I may 
lepeat two modifications of simple tubal inflation which weie 
published m the Monatssclmft fur Ohrenheilkunde, Vol 78, 
p 146, 1944 As is well-known, some apprehensive or nervous 
patients fiustrate the attempt at tubal inflation by relaxation 
of the soft palate Instead of elevating the velum during the 



FIST 1 Differential salplngoscope Note the two one-na\ atop cocks 
which permit three choices of right monaural left monaural and binaural 
auscultation 


enunciation of certain palatal speech sounds, such as “kai- 
kay-kay,” they maintain it in a flaccid state In this vay, 
they suddenly piesent the abnormal articulatory condition of 
functional ihmolalia aperta This causes the inflation sounds 
“kay-kay-kay” to assume a nasal quality, and pi events the 
very purpose of tubal inflation Since the inflated ail then 
escapes behind the descended velum into the pharynx, no 
pressuie builds up m the nasopharynx to open and penetiatp 
the Eustachian tubes Obviously, this irrational action lepie- 
sents the patient’s unconscious defense against the remedial 
maneuiei of vhich he is afraid Once he has established this 
conditioned reflex, it is not alvajs eas\ to re-educate the 
patient to the conect inflation, and the moie complex cathetei 
inflation ma\ be necessary Needless to state that an appre¬ 
hensive patient is even moie feaiful of this instrumental tech- 



DIFFERENTIAL SALPINGOSCOPE, A NEW DEVICE 
FOR TUBAL AUSCULTATION * 

Godfrey E Arnold, M D , 

New Yoik, N Y 


After a centuiy of Pohtzei inflation, woid seems to have 
gotten aiound to some of the patients when to say “cuckoo” 
01 “kay-kay-kay,” but many still have tiouble with holding 
the otoscope tube in then eais The tube also tends to fall 
out of the doctoi’s eai at the moment when he holds the 
catheter m place with one hand and leaches foi the balloon 
with the othei, not having a thud hand to catch the dangling 
eai tube To obviate such needless aggiavations of daily 
office woik, I assembled a moie piactical device foi tubal 
auscultation (see Fig 1) It consists of two pans of binauial 
eai-pieces similai to a stethoscope Each eai olive of one 
set is connected to the homolateial olive of the othei set bv 
means of a lubbei or plastic tube The two tubes between 
the two sets of ear olives aie intei lupted by one-way stop¬ 
cocks which allow the occlusion of one 01 both tubes One set 
with the black olives is mtioduced into the patient’s eais, the 
othei with the white olives is placed m the doctoi's eais 
The device may be oideied fiom Stoiz Instiument Co, St 
Louis, Mo 


Advantages 1 The physician's eais aie partly masked 
foi ambient noise, making it easiei to concentiate on the tubal 
sounds, 2 Bmauial auscultation of both tubes, simultaneous¬ 
ly oi alternatively, gives moie audible mfoimation on the 
tubal function, 3 Simultaneous bmauial auscultation pio- 
vides immediate and impiessive compaiison of the two tubes 
paiticulaily legal ding tempoial, qualitative oi quantitative 
diffeiences of then patency, U The self-ietainmg eai sets 
cannot fall out, no mattei how nanow some eai canals may 


♦From the Department of Research New York E>e and Ear 
Technical report on studies undertaken with the aid of tne 
Foundation ... nnd 

Editors Note Thle manuscript received In The Larj ngroscope uwc 
accepted for publication April 22 1958 
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the soft palate by the left thumb and index fmgei This 
causes the palate to contiact and to occlude the nasophaiynx 
In case of oiganic paialysis, the same maneuvei is used foi 
the passive elevation of the flaccid velum At the same time, 
the third left fmgei occludes the patient’s light nostnl The 
left fouith and fifth fmgei s find support on the patient’s 
right cheek Inflation is then effected by the light hand, 
using a standaid Politzei balloon with a ngid tip and de¬ 
tachable nose olive 

Advantages Piompt and rapid inflation of uncoopeiative 
01 fearful patients, including childien, 01 m cases of oiganic 
palatal paialysis ’ihe patient has nothing to do but to open 
his mouth 

Disadvantages Not suitable m the piesence of violent gag 
reflex 

Inflation dnnng continuous aiticulation Some patients 
behave awkwaidly when told to say “kay-kay-kay” at the 
moment of inflation In such cases it is easiei to utilize a 
fucative sound of longei duration for the elevation of the 
palate As is v r ell-known to phonetic specialists, the stiength 
of palatal occlusion is diffeient foi the various speech sounds 
Wide it is quite weak foi the vowels, particulaily foi the 
“ah” sound, the occlusion powei is highest foi the sibilant 
sounds, hence, a piolonged unvoiced “sss” usually pioduces 
the stiongest conti action of the palatal valve The palatal 
“k” sound is characterized by a lowei piessuie When a 
patient is mstiucted to pionounce a piolonged shaip “sss,” 
it is very easy to inflate his tubes during this lelatively long 
penod of aiticulation His palate lemams fnmlj conti acted 
until he pauses to take a breath, and the physician does not 
have to concentiate on a piecise synchionization of the “ka , \- 
hay-kay” with the moment of inflation, furthei, a sibilant 
sound tends to produce a veij firm palatal occlusion which 
counteiacts a timid patient's escape into the piotective state 
of functional lrv pomnervation of his palate 

Advantages 1 Sibilants pioduce the strongest palatal 
contiaction wluch is desirable foi effective inflation, 2 They 
can be pionounced during a long penod of time (10-20 sec ) 
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mque In such cases I use two physiologic pi maples to ovei- 
come the undesued lelaxation of the soft palate 

Inflation during ieflex innervation It is a basic law of 
neive physiology that 1 eflex contiactions aie moie lesistant 
to psychogenic disoideis than aie the conscious and voluntary 
actions In hystencal aphonia, foi example, the cough 1 eflex 



Fig Z Inflation during reflex inner\atlon of palate 


lemains noimal, while voluntaiy phonation is lost Similaih, 
the functional foim of open lhmolaha is diffeientiated fiorn 
01 game palatal paialysis by the pieseivation of the palata 
gag ieflex in the foimei This fact can be utilized foi bettei 
tubal inflation 

As Fig 2 shows, a tongue depiessoi is held gently against 



TRANSITIONAL CELL TYPE SQUAMOUS CELL 
CARCINOMA OF THE EXTERNAL EAR CANAL * 


Yoginder N Mehra, MBBS, 
Montreal, Canada 


The case of this 65-yeai-old female is being leported be¬ 
cause of an uncommon type of lesion m the external eai canal 


At the age of five v ears she had scarlet fever and both ears discharged 
Following this illness she had intermittent discharge from the right 
ear for a period of ten years She had no further evidence of ear In 
fection until 1957 when following a cold the right ear began to dis 
charge again Local treatment gave no relief The discharge persisted 
and occasionally was blood tinged 

At the time of admission to this hospital in September 1957 she gave 
no historv of headache dizziness or pain in the ear The nose accessory 
nasal sinuses pharvnx and larvnx were normal A general phvsical 
examination including X ravs of the chest elicited no abnormalities 

It was noted that her left ear drum was normal the right ear canal 
was filled with a large polyp and some discharge The fistula test was 
negative The regional lvmph nodes were not palpable 

X ravs of the mastoids including tomograms showed suggestive evi 
dence of some minimal enlargement of the mastoid antrum as if by 
a cholesteatoma There was no evidence of active bone destruction at 
the inner end of the external ear canal 

Under local anesthesia with 2 per cent xylocaine infiltration the 
polvp in the right ear canal was removed The details of the drum and 
middle ear could not be made out The bleeding was not excessive Part 
of the tissue removed was sent to Pathology and part to Bacteriology 
departments for examination Bacteriology reported onlv micrococcal 
growth 

FoUowing the removal of the polvp from the right ear vestibular tests 
were normal in each ear The hearing tests showed the left ear to be 
normal On the right side there was an ayerage loss of 25 db in the 
speech range in keeping with a mixed conductive and perceptive deafness 

In view of the pathological diagnosis of transitional cell tvpe carcinoma 
(see Fig 1) the case was discussed with the radiotherapist the radiolo¬ 
gist and the pathologist and it was decided that radical excisfon should 
be attempted foUowed bv radiation therapv 

A radical mastoidectomy through combined endaural and postauricular 
approaches was carried out on Sept 2S 1957 The mastoid cells and 
the middle ear were found to be free from obvious infection and definitely 
free from growth The ear drum though much thickened and scarred 
appeared to be intact when it was removed together with ossicles The 
growth and ulceration appeared to be limited to the skin of the inner 


•Departments of Otolaryngology and Pathology Royal Victoria Hospital 
Montreal Canada. 


Editor s Note This manuscript received In 
accepted for publication March 10 195S 
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so that inflation may be peiformed without haste, S It is 
easiei for a patient to say a long “sss” than to pionounce 
“kay-kay-kay” at a piecise instant 

Disadvantages Cannot be used m the veiy laie case of 
nasal lisp, a speech disoidei due to lelaxation of the palate 
dui mg the articulation of the S-sounds 


THE COLLEGE OF MEDICAL EVANGELISTS 

A couise m “Reconstructive Suigeiy of the Septum and 
External Nasal Pyramid” will be sponsored by the Depart¬ 
ments of Otolaiyngology of the College of Medical Evangelists 
School of Medicine and the University of Southern Califomia 
School of Medicine, and will be given at White Memonal Hos¬ 
pital, Los Angeles, Calif The cour se will begin at 7 00 PM, 
Januaiy 6, 1959, and end 12 00 noon Fnday, Januaiy 16 Dr 
Maui ice Cottle will be the dnectoi All applications should be 
fonvaided to Leland R House, MD, 1720 Biooklyn Avenue, 
Los Angeles 33, Calif 
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is undoubtedly laie, although a consideiable numbei of cases 
have been xecoided m the liteiatuie, and lately incieasing 
numbei s are being leported 

Most of the published reports show squamous cell caici- 
noma to be the most common of all types Othei types, like 
the basal cell caicmoma, adenocarcinoma, adnexal caicmoma 
fiom the sweat and apocrine glands, the lympho-epithelioma, 
and the tiansitional cell type caicmoma, have also been le- 
ported 

Diffeient pioportions have been given in different leports 
Spencer 8 (1938) descubes seven cases of caicmoma, out of 
which six were squamous cell, and one basal cell type 

Figi and Hampstead 4 (1943), descubmg malignant tumois 
of the middle eai and mastoid, leport 38 cases, of which 13 
aie squamous carcinoma, 11 basal cell caicmoma, five adeno¬ 
carcinoma, three sarcoma and six hemangio-endothelioma 

Lindahl® (1955), leported 16 cases of caicmoma of middle 
ear and meatus, of which 13 aie squamous carcinoma (both 
poorly differentiated and well diffeientiated), one adeno- 
caicinoma, one caicmoma-like lympho-epithelioma, one tian¬ 
sitional cell carcinoma 

Ellis and Pracy 5 (1954) have published six cases with only 
one well differentiated squamous carcinoma 

Gisselsson 5 (1952) descubes a case of squamous cell carci¬ 
noma of the tympanic membrane 

Ash 1 (1956) stated that most cases of adnexal carcinoma 
aie usually diagnosed as adenocaicmoma 

Cancel may originate in the external auditory meatus or 
middle ear, and it is sometimes difficult to know the exact 
site of origin, although piognostically it is very significant 
Accoidmg to Miller' (1952), cancel of the auricle located 
within 1 cm of external auditory meatus is a serious disease, 
regardless of the histological descuption He lecommends 
wide excision for carcinoma of external auditory meatus 

Wahl et al 0 (1953) classify new giowths of the ear as 



1984 


MEHRA CARCINOMA OF EXT EAR 


third of the external canal especiallj of the floor and of the anterior 
wall The whole Inner four-fifths of the skin of the ear canal was re 
moved The underlying bone was scraped There was no sign of the 
growth Invading or being connected with the middle ear The denuded 
cavities were covered with skin grafts from the thigh 

Histopathological examination of over 20 pieces of tissue removed 
from the different parts of the mastoid, the middle ear and the external 
ear revealed that the growth was confined to the skin of the inner half of 



the anterior wall of the external auditor? canal The drum itself was 
free from evidence of growth 

The wound healed satisfactorily Radiation treatment was started on 
Oct 7, 1957 the ninth postoperativ e dav and was terminated on Dec 
13 1957 For the first six weeks, X ray therapy was given 
a dose of 3120 r for the center of the petrous pyramid and the mma e 
ear and skin dose of over 4600 r to anterior and posterior fields There 
was some skin reaction The graft had taken veil Further treatmen 
was given with Cobalt 60 using a dfrect lateral field An overa 
maximum tumor dose of 6045 ruas reached 

The patient was discharged on Dec 16, 1957 At the time of discharge 
the lining of the middle ear and mastoid cavities showed some , 

and moisture but no sign of growth or ulceration There was no cer 
lvmph node enlargement 

Caicmoma of the middle eai and external auditory ca na ^ 
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as transitional cell carcinoma, howetei, it also showed some 
aieas m which the tiansitional charactei of the tumor be¬ 
came more differentiated and showed squamous featuies 
(see Fig 2) 

The transitional cell type of squamous cell tumox is one 
of the undifferentiated trpes, moiphologieally Histologically, 
it resembles a carcinoma of the urinary tiact. The cells hat e 
o\al, elongated and fairly concentrated nuclei with a relatn ely 
small amount of cytoplasm, and have not differentiated into 
eithei frankh columnai cells or pnckle cells 

This tumor has a typical an angement of cells in 1 lbbon-like 
sheets that are looped and folded It commonly arises from 
mucous sui faces, but in the present case there was no evi¬ 
dence that it arose from the mucous surface of the middle ear 
It arose fiom the skm of the external canal, winch is lather 
unusual Most pathologists would probably diagnose tins as 
an undiffeientiated type 

The case reported bv Lindahl 6 is the only similai one 
which could be found 


SUMMAEX 

A case is imported of transitional cell type of squamous 
cell carcinoma of the external ear canal without imohement 
of the middle ear 

A 65-year-old woman had had ear discharge dunng youth, 
which recurred dunng the past tear and was occasionally 
blood-tinged Widespread excision of the growth and radical 
mastoidectomv was followed by radiation therapy 

I express mv thanks to Di W J McNally, Dr E A Stuart 
and Dr G C McMillan for their help m the preparation of 
this report 
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1 Extiinsic, m which the auncle, concha, 01 the external 
eai canal is involved 

2 Intrinsic, which involves the tympanic membiane, tym¬ 
panic cavity oi mastoid piocess 

8 Undetermined, ongm of which cannot be accuiately as- 
cei tamed 



The malignant neoplasm m the tympanic cavity piobably 
lesults fiom a metaplasia of eyhndncal cells of the lining 
membiane to the squamous cell type, oi it may have its 
ongm fiom the glandulai elements within the cavity 

The ongm of caicinoma in this case was thought to be 
fiom the middle eai because of the long history of otitis 
media, howevei, at opeiation, and histopathologically this 
piesumption was found to be mconect The tumoi involved 
the deepei pait of the exteraal canal without involving the 
dium oi the middle eai cavity It was diagnosed initially 
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INTERNATIONAL SYMPOSIUM ON RADIOLOGY IN 
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RHINOMANOMETRY IN SOME RHINOLOGIC 
DISEASES 

Joseph H Ogura, M D ,* 
and 

Poitl Stokstead, M D t 
St Louis, Mo 

The function of the nasal passages dm mg lespiration can 
be determined by lhmomanometry, a method of measming 
piessuie vanations within the nasal cavity Couitade 1 de- 
scubed piessuie vanations obtained fiom the light and left 
nostul bv means of a simple U-shaped water manometei at¬ 
tached to a nasal plug His method gave a veiv lough idea 
about the passages of the nasal cavities since his liquid ma- 
nometei was capable of indicating only the maximum and 
minimum piessure in the lhinophaivnx The disadvantage 
of his method was that values obtained weie dependent upon 
the respnation late and piovided no possibility of estimating 
the piessuie dunng lespiration thiough both nasal cavities 

The gieat advantage of the Couitade method was the use of 
simple equipment and easy applicability' to the patient One 
of us (PS") has improved the method bv leplacmg the liquid 
manometei with a lecoiding diaphiagm-type manometei that 
is capable of mtegiatmg as well as lecoidmg the piessure 
vaiiations dui mg each phase of lespnation The manometer 

•Department of Otolarvngrologa A\ ashincton Unlter-dti School of "Medi¬ 
cine St, Louis "Mo 

tFrora the Department of Ear \oa E and Throat Disease Uni\ersU\ of 
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Loula AlO 
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is connected with an amplifying unit piovided with two late- 
meters, which add up the inspiration and expnation piessuies 
lespectively The ratemeters aie monitoied by a timei which 
starts and stops the latemeteis at a pieviously stipulated time 
of one minute A lecordei which legisteis the pressuie cuives 
and the lespnatory late per minute is attached to the rhmo- 
manometei 

Fiom the lecoided values it is possible to calculate the le- 
sistance duimg inspiration and expiration through the light 
and left nasal cavity and by means of a formula to calculate 
the total lesistance of the nose during free lespnation thiough 
both nasal cavities 

Long piactice has demonstiated that it is most convenient 
to measuie the lesistance in the light and left nasal cavities 
at mteivals of half an hour, and to follow the deflections of 
the lesistance foi a penod of 45 minutes To give a compie- 
hensive view of the mutual proportions between the lesistance 
of the right and left side together with the total lesistance, 
the obtained values aie plotted in a cooidinate system in which 
the time is plotted along the abscissa and the 1 esistance along 
the oidmate 

In the last two yea is we have been able to make about 350 
tests fiom normal persons and fiom patients suffeung fiom 
vanous nasal diseases Fanly good impiessions of the normal 
lhmometncal curves and cuives typical for the nasal diseases 
m question have been obtained Unfortunately, most people 
will have more oi less deviated septa or asymmetrical de¬ 
velopment of the tuibmates This will result m obtaining 
cuives of a mixed type 

THE NORMAL NOSE 

The ideal nose has a relatively uni form calibrated slit- 
shaped nasal cavity, krara wide at its nailowest point with 
the septum The legulai alternating movements of the tuibi- 
nates adjust m such a way that the total lumen or lesistance 
dm mg the mspnation and expnation is kept at a constant 
level Few noimal noses will comply with the mentioned 
demands due to deviations of the septum, spuis and ciistae 
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Fig 1 Inspiration and expiration curves from two normal persons with 
normal deflections of the turbinates and normal resistance In the nasal 
catities o-o-o-o Resistance In the right nasal cat Itv x-x-x-x Re¬ 
sistance In the left nasal cat itt Calculated resistance of the 

entire nose (Total resistance) 

The curtes In Fig 1-a are from a person with tort high and narrow 
nasal cavities while Fig 1-b shows curtes from a person with ample 
space in the entitles and large prominent turbinate* The black moons 
indicate the engorgement of the turbinates with corresponding narrowing 
of the nlrwat and the associated open airway on the opposite side of the 
nose with constricted turbinates 
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when one consideis these anatomical defoimities with megu- 
lai development of the tuibmates The cuives shown m 
Fig 1-a are, howevei, appioachmg the "normal” cncum- 
stances The curves aie obtained fiom a noimal peison with 
high and nanow nasal cavities The deflections of the tuibi- 
nates are fanly small and the cuives fiom the right and left 
nasal cavity intei sect megulaily due to a slight conti action 
of the left side 

Fig 1-b shows curves fiom a peison with a bioad, low 
nose with laige prominent tuibmates m the nasal cavities 
The movements of the tuibmates aie very pionounced and 
alternate m such a way that the total lesistance in the nose 
is kept on an almost constant level At the beginning of the 
cuives the tuibmates on the light side aie constucted but 
mciease rapidly to the peak of dilation and leach the next 
phase of conti action m two and one-half houis, while the left 
tuibmates undeitake the opposite movements Accoidmg to 
Heetdeiks 3 these movements are called the physiologic cycle 
of the nose, and the puipose of this cycle is to moisten and 
heat the respnatoiy an and pi event diymg and cooling of 
the mucous membianes m the lowei lespnatory passages 
Waimmg of the lespnatory an occuis mainly m the con¬ 
ti acted nasal cavity, wheie the tuibmates aie dilated owing 
to the copious blood supply On the opposite side the tuibi- 
nates aie conti acting and thi owing off thm secietion fiom 
the seious glands and m this way cieate a situation foi 
adequate evapoiation 

The length of the nasal cycle is measuied between two 
sinnlai phases of the movements of the tuibmates and lias an 
aveiage duiation of two and one-half houis, but m noimal 
cases usually show vanations between one and five houis 

COMPENSATORY HYPERTROPHY OF THE TURBINATES 

In instances wheie significant diffeienees between the 
lumina on the light and left side exist, the tuibmates m the 
widei side will hypertiophy foi the puipose of filling this 
cavity This hypertiophy is usually explained as the effort 
of the body to compensate foi this defoimity Fig 2 llhis- 
tiates such a case, wheie the left nasal cavity is consideia y 
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Exp/ration 


Inspiration 


Fig 2-n Rhlnometric curve** from a person with normal alternating 
movements of the turbinates 

Fig: 2-b Inspiration and expiration cur\es from a patient showing 
pronounced contraction of the left nasal ca^itj and with ample space and 
hjpertroph' of the turbinates on the right side The mo\ements of the 
turbinates are s\nchronous 



2006 


OGURA & STOKSTEAD RHINOMANOMETRY 


contiacted, while the light side has ample space and laige 
prominent tuibmates The left side is nai rowed to such a 
degiee that it conti lbutes only slightly to the an passage, and 
the light nasal cavity is the mam conductoi of the air cuilent 
dui mg lespiration Foi this reason the resistance cuive fiom 
the right side and fiom the entile nose will show paiallel 
courses rising and falling accoidmg to the movements of the 
light turbinates In seveial instances the turbinates showed 
synchronous instead of alternating movements, which accelei- 
ate the fluctuations of the iesistan.ee curves 

Patients of this categoiy will usually complain of stuffiness 
m the widei side of the nose Diagnostic enois can be easily 
made, for inspection of the wider nasal cavity usually leveals 
that the tuibmates aie small and appeal shiunken 

DEVIATION OF THE NASAL SEPTUM 

The most fiequent cause of alteiation m the lhmometnc 
cuives aie deviations of the nasal septum Geneiallj’-, one 
side will show an almost normal space and normal cyclic 
cuive, but the contiacted nasal cavity will show pionounced 
megulaiities caused by contact of the tuibmates against the 
septum dm mg a pait of the dilating phase Fig 3-a shows 
a case of a marked septum deviation with the spine and septum 
piojectmg into the left nostnl During the dilatation of the 
tuibmates the left side is almost shut off, but dui mg the con¬ 
ti action phase the nasal cavity will open suddenly lesultmg 
m a short penod of deci easing lesistance In the case shown, 
the total lesistance is so high that the patient has to undeigo 
leconstiuction of the septum foi the puipose of le-establish- 
mg a noimal an way 

VASOMOTOR RHINITIS 

By lhmometnc examination of a noimal nose with the 
sunoundmg atmosphere kept at a constant tempeiatuie an 
humidity, we have obseived alternating movements of tie 
tuibmates On one side of the nose the tuibmates conti ac 
and thiow off thin secietion fiom the seious glands, whi e 
the tuibmates on the othei side dilate with engagement 
the vasculai system foi the puipose of heating the mspnatorj 
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an cunent The movements aie connected wnth alternating 
changes m the lumma of the nasal cavities in such a way 
that the computed lumen of the nose is kept at the same 
level 

Phjsical factois such as valuations of tempeiatuie and 
humidity cause the tuibmates to lespond with synchronous 
movements and contract or dilate at the same time m both 
nasal cavities m ordei to piepare the air foi the lung 3 The 
deflections caused bv the synchionous movements aie genei- 
alh so pronounced that the\ almost cover the alternating 
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movements, which will fust appeal a gam when the nasal 
cavities have accomplished then adaptation to the new at- 
mospheie 

In a noimal nose the changes elicited m the vasculai system 
by changes of the tempeiature and humidity will be kept 
within such limits that theie lemams sufficient space foi 
adequate lespnation, but m vasomotoi lhimtis the leactions 
aie exaggeiated, and the lesponses anse even with abnormally 
small vanations m the atmosphenc condition Fui*theimoie, 
the engoiged phase of the tuibmates is maintained ovei ab¬ 
normally long penods, causing stuffiness of the nose and an 
accumulation of secietion m the glands of the tuibmates, 
lesultmg m a pi of use thin secretion fiom the nostnls when 
the tuibmates leach the stage of relaxation 

Typical cuives aie shown m Figs 4-a and 4-b m patients 
with vasomotoi and alleigic ihimtis The lesistance cuives 
fiom light and left nasal cavity start at noimal level, but 
aftei a short penod of time the tuibmates lespond to the 
temperatuie and humidity of the laboratoiy, which lesults 
m a steady mciease m lesistance on both sides, and bieathmg 
difficulty foi the patient 

In a few cases we have seen anothei cuz ve as shown m Fig 
4-d with exaggeration of the alternating deflections of the 
tuibmates, and sometimes with acceleiation of the nasal cycle 
We aie inclined to believe that this is a variant of vasomotoi 
ihimtis, but the investigations so fai aie not conclusive 

OZENA AND ATROPHIC RHINITIS 

Befoie testing the patients suffeung fiom ozena it has been 
necessary to lemove ciusts fiom the nasal cavities with 11 liga¬ 
tions of saline solutions Ciusts obtained fiom ozena patients 
aie identical with the diagiam showm m Fig 4-c, with ex- 
tieme low values indicating complete lack of movement of the 
tuibmates Extensive chiome inflammation and atiophy of 
the tuibmates have affected then ability to influence the air 
cunents dunng mspnation and expnation In a feiv in¬ 
stances noimal or slightly mcieased lesistances aie observed 
m one 01 both cavities due to a nailowing of the internal os. 
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Figs 4-n and 4 b Rhinometrlc curves of patients with vasomotor 
rhinitis The abrupt rise In the resistance are caused b> nchronous 
movements of the turbinates 

Fig 4-c Atrophic rhinitis with v erj small deflections of the turbinates 
and a diminutive cv cle of the nose 

Fig 4-d t asomotor rhinitis with exaggeration of the alternating move¬ 
ments of the turbinates 
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Resistant* Insuffaht nasi 



Fig: S Rlilnometrlc cur\es during inspiration and expiration I ln tJ f e C left 
of collapsing: nlae nasi The obstruction Is most P r ® n f )un< ^^ nnUnce ^ j n - 
slde \\ hlch has normal resistance during: expiration but a pro 
crease of resistance during: inspiration 


that portion between the vestibule and the nasal cavity piopei, 
despite the atiophy and leduced excuision of the tuibina es 
With such small and low piessuie deflections m atiopmc 
lhmitis it is almost possible to identify the movements of the 
tuibmates and a diminished cycle of the nose 

In a noimal patient the tuibmates will show a very Pro¬ 
nounced engagement, lesultmg m complete obstiuction ol 
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nasal cavitv m question if the stellate ganglion is blocked, 
howevei, m atrophic lhinitis since the vasculantv is 1 educed 
theie is a veiy incomplete lesponse to the stellate ganglion 
block, and the dilation will disappeai much fastei than m 
normal cases 


COLLAPSING NASAL ALAE 

Dm mg each model ate lespnation the nasal alae move out- 
ivaids like a pan of floodgates, 4 theieby dilating the internal 
os and 1 educing the lesistance dui mg the inspiration phase 
to such an extent that both lespnation phases aie kept at 
almost the same lesistance level, despite the fact that the in¬ 
spiration phase lasts a somewhat shortei time than the ex- 
pnation The movements of the alae aie contioiled by the 
levatoi alae muscles and mciease m magnitude bj foiced 
lespnation The contractions of the muscles occm just be- 
foie the mspnation begins and continue dining the whole 
mspnatory phase, while the muscles lelax dm mg the expna- 
tion The activity of the muscles was demonstrated bi Van 
Dishoeck, 5 wdio was able to detect action potentials fiom the 
muscles The movements depend upon a leflex aie, which 
has its effeient pathway via the facial neive 

Collapsing nasal alae aie obseived m patients with high, 
long and nanow noses, and is due to the distmbed anatomical 
relationship of the uppei lateial and alai cartilages to the 
septum, and m some instances with paialjsis of the facial 
nerve The high and elongated septum is associated w ith the 
nanow mg of the caudal end of the uppei lateial cartilage 
relationship to the septum This effectiveh 1 educes the size 
of the internal os and collapses the nasal alae upon model ate 
foiced mspnation 

Usually theie aie differences m the degree of insufficient 
of the nasal alae on the two sides, and this must be consideied 
in naasl reconstruction for the purpose of obtaining satis- 
facton ventilation of both nasal cavities 


RELATIONS BETWEEN THE NOSE AND LUNGS 
Recenth we ha\e tiled to establish a 1 elationslnp between 
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the nose and the lung Feiv studies have been made on efforts 
to measure pulmonary function together with the nose In 
this respiratory test, one measuies the ability of the lung to 
expne thiough the nose against a calibiated lesistance An 
inflatable rubbei mask is fixed tightly to the head by means 
of zubbei nbbons and is piovided with a calibiated valve 2 
In beginning the test, the diaphiagm of the valve is adjusted 
to an opening that does not mterfeie with the lespnation of 
the patient The valve is latei closed m steps, at five minute 
intervals up to the valve opening, which allows the patient just 
a sufficient supply of air The lespiratoiy lesistances ansing 
m the mask during the test aie measuied by the lhinoma- 
nometei unit and the lespnation lates are legistered at eveiv 
step by which the valve is closed 

Most normal people are able to bieathe against a lesistance 
langmg fiom 80 to 100 mm H,0 x sec, which is about 20 to 
25 times as much as the noimal lesistance of the nose In 
some appaiently normal cases we have seen much lowei 
values, which is m confoimance with the investigation of 
McKillick,® who found 20 to 30 per cent of loweied pulmonary 
function among normal peisons 

In a few mouth-breathing patients with this lespnatory 
test, we have been able to detect veiy low resistance values, 
due to a deci eased ability of the lungs to respnate against 
the normal resistance of the nose Manj r of these cases have 
shown, at the same time, deci eased nasal lesistance with an 
almost noimal proportion between this lespnatory test and 
nasal aim^ays Foi this leason these patients have main¬ 
tained then normal respnation thiough the nose 

DISCUSSION 

Much information has been obtained about the configuia- 
tion of cuives typical m normal patients and m certain nasal 
diseases We have obtained typical curves m cases of vas- 
omotoi lhimtis, septum deflections and collapse of the nasal 
alae, and we have been able to determine the degiee of each 
factoi involved Obviously this is of importance fiom the 
theiapeutic point of view A conection of the septum, the 
abolition of the collapsing nasal alae would be of value to the 
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patient when the vasomotoi component is not too pionounced 
The e\aggeiation of the alternating movements of the tuibi- 
nates and the acceleration of the nasal cycle will be evident 
m vasomotoi lhmitis 

In othei cases ve have found a noimal nasal an wav despite 
the severe complaints of nasal discomfort Most of those 
instances aie cases of nasal neuiosis, 01 possibly an undetect¬ 
ed pulmonary 01 caidiac disease of short duiation In both 
instances suigical intervention is not advised Surgery would 
not be advised, even though obvious anatomical deformity was 
piesent In the foimer instance the complaints of the patient 
will usually mciease if suigeiy is performed Often nasal 
complaints will disappeai aftei appiopnate treatment for 
pulmonary 01 caidiac disease 

The measurement of the ability of the patient to bieathe 
against resistance, as measuied tlnough the nose is a lespna- 
tory test, but may not lepiesent a tiue pulmonary function 
test Many vanables enter into tins pictuie The musculai 
stiength of the chest wall, geneial condition of the patient, 
bronchial resistance, volume exchange, elasticity—the pioblem 
of lung compliance—which is not measuied m this instance 
The leal importance of measunng the pulmonarv function m 
connection with the lhinometnc test of the nasal cavities was 
emphasized by Seiceh 5 several yeais ago, but it has to some 
extent been neglected by later mvestigatois It is significant 
that to date no definite relationship of the nose and the lung 
has been established by an objective test Nasal function 
test, as measured by the 1 hmomanometei, and the establish¬ 
ment of pulmonarj function tests aie veil documented by 
simultaneous observations of both present majoi technical 
pioblems 

Clinically it is important to knov whethei this relationship 
exists Why is it that some people with obstructive nasal 
airvays, due to a badly tiaumatized nose, complain of dysp¬ 
nea 9 The “chronic lungei” who bitterh complains about 
nasal obstiuction, the chionic mouth bieathmg child often 
has a deformity of the chest with a pionounced flattening of 
the ribs One wondeis about this relationship' The adult 
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patient with oial lespnation may have deci eased ability to 
bieathe against lesistance In such instances, it seems that 
attention should be dnected towaid improving the nasal an- 
way suigically, and peihaps even towaid proper pulmonary 
exercises 

Since the nose selves as a piotective oigan and piepaies 
the an foi the lung, it seems logical that we should look foi 
better objective methods foi testing nasal and pulmonary 
functions 


SUMMARY 

On the basis of about 350 rhmometric examinations of the 
nasal passage with resistance measunng fiom the light and 
left nasal cavity, typical resistance curves aie shown from 
noimal persons and fiom patients with deviations of the 
septum, vasomotoi rhinitis, and atiophic rhinitis with ozena 
and collapse of the nasal alae 

The relationship between the nose and lung is discussed 
briefly A method is outlined foi measunng the ability of the 
lung to bieathe against mcieasing resistance 
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A STUDY OF THE RELATIONSHIP OF AIR PRESSURE 
TO MYRINGORUPTURE *f$ 

A Paul Keller, Jr , M D , 

Athens, Ga 

The aim of this studv was to deteimme what amount of 
ail piessme, within a closed system, dnected against the 
human tympanic membiane would cause it to luptuie 

In 1898 Lester and Gomez 33 leported the effects of com¬ 
pressed an on the human eai fiom observations made m a 
caisson of New East Rivei budge The studv was mainly 
concerned with the effect on healing, but seveial conclusions 
have a bearing on this studv Foi example, it was stated that 
the healing powei foi both an and bone conduction was re¬ 
duced dnectly m pioportion to the atmosphenc piessuie, 
more specificallv, it was pointed out that a piessuie of one- 
half an atmospheie caused depression of the dium membiane, 
and a piessuie of two atmospheies caused a maiked distuib- 
ance of the dium membiane with congestion of the pare flac- 
cida and the malleolai plexus, and that when descending in 
the caisson, tlieie was consideiable dangei of the dium mem¬ 
brane's luptuung unless the Eustachian tube was successfullv 
opened voluntanly They warned against peisons with colds, 
chionic eai disease or labyrinthine disease entering a caisson 

In 1929 Vail 40 gave a report to the Ameiican Otological 
Society concerning traumatic eai conditions m voiheis undei 
compiessed an His woik lvas mamlv concerned with caisson 
disease and its effects on the middle and innei eais He 
reported two cases of luptuie of the human eai dium mem¬ 
brane, one in a Negio man while woikmg undei a piessuie 
of 27 lbs /m = and the other a “voung” man woikmg under a 
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patient with oial lespiration may have deci eased ability to 
breathe against lesistance In such instances, it seems that 
attention should be dnected toward improving the nasal an- 
way surgically, and peihaps even towaid piopei pulmonary 
exeicises 

Since the nose selves as a piotective oigan and prepaies 
the an foi the lung, it seems logical that we should look for 
better objective methods foi testing nasal and pulmonary 
functions 


SUMMARY 

On the basis of about 350 lhmometnc examinations of the 
nasal passage with lesistance measunng fiom the light and 
left nasal cavity, typical resistance cuives aie shown from 
noimal persons and fiom patients with deviations of the 
septum, vasomotoi lhimtis, and atiophic lhimtis with ozena 
and collapse of the nasal alae 

The lelationship between the nose and lung is discussed 
buefly A method is outlined for measunng the ability of the 
lung to bieathe against mcieasing lesistance 
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A STUDY OF THE RELATIONSHIP OF AIR PRESSURE 
TO MYRINGORUPTURE *f$ 

A Paul Keller, Jr , M D , 

Athens, Ga 

The aim of this study was to deteinnne AAhat amount of 
an piessuie, within a closed system, directed against the 
human tympanic membiane would cause it to luptuie 

In 1898 Lester and Gomez 33 leported the effects of com- 
piessod air on the human eai from observations made in a 
caisson of New East Rivei budge The study was mainly 
concerned with the effect on healing, but seveial conclusions 
have a bearing on this study Foi example, it was stated that 
the healing powei foi both ail and bone conduction was le- 
duced dnectly m pioportion to the atmosphenc piessuie, 
more specifically, it Avas pointed out that a piessuie of one- 
half an atmospheie caused depression of the dium membiane, 
and a piessure of two atmospheies caused a maiked distuib- 
ance of the drum membiane Anth congestion of the pal’s flac- 
cida and the malleolai plexus, and that ivhen descending in 
the caisson, theie was consideiable dangei of the dium mem¬ 
brane’s ruptuung unless the Eustachian tube vas successfully 
opened voluntanly They AA r amed against peisons AAith colds, 
dnonic eai disease 01 labynnthme disease entering a caisson 

In 1929 Vail 49 gai j e a leport to the Ameiican Otological 
Society concerning traumatic eai conditions m AAoikeis under 
compiessed ail His woik A\as mainlv concerned AMth caisson 
disease and its effects on the middle and mnei eais He 
leported tuo cases of ruptuie of the human eai dium mem¬ 
brane, one m a Negio man ivhile A\oikmg undei a piessuie 
of 27 lbs /in 3 and the othei a "young” man Avoikmg under a 
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pressuie of 30 lbs /m 2 How closely these figuies appioxi- 
mate those found flora this study will be appaient soon 

In 1937 Armstrong and Heim 3 leported the effects of posi¬ 
tive and negative pressure on the eaidrum membiane of five 
appaiently healthy men They found that as atmosphenc 
piessuie decreased (as in an ascending anplane) the Eus- 
tachian tube opened automatically, first, when the piessuie 
diffeiential reached 15 mm of mercury, next, when it 
leached 11 4 mm, until at 40,000 feet it opened at a diffei¬ 
ential of only 3 5 mm This they attributed to a laiefaction 
of the an, which then passed thiough the Eustachian tube 
moie easily, howevei, when the atmosphenc piessuie in¬ 
creased (as on the descent of an airplane) the Eustachian 
tube failed to open spontaneously and lemamed closed at all 
pressures unless voluntarily opened At a diffeiential of 60 
mm of meicury of negative piessuie, pain became seveie, at 
60-80 mm very severe, and at moie than 80 mm agonizing 
They stated that the eaidium membrane ruptuies between 
100 and 500 mm of meicury, and reported one case that 
ruptured at 470 mm of meicury accompanied by a loud leport, 
shock and seveie dizziness (It was not levealed how the 
figuies of 100 to 500 mm of meicury weie deiived, noi how 
many eardium membianes weie luptuied ) It was noted 
that when a negative piessuie differential of 80 to 90 mm of 
mercury developed, the muscles of the Eustachian tube could 
no longei voluntarily open the tube 

In 1941 Van Dishoeck 17 studied tension on the human tym¬ 
panic membiane in lelation to healing and decided that any 
deviation fiom the normal tension led to hearing impaiiment 
He used piessures up to 100 cm of watei without any le¬ 
ported luptuie Canfield 0 in 1944 leported lesults of pies¬ 
suie chamber expenments on the tympanic membiane, eg 
decompiession fiom 7,000 feet (equivalents), and found 
seveie letiaction and aeiotitis, which leadily lesponded to 
mynngopunctuie, but he did not mention any spontaneous 
luptuies 

In 1942, and again m 1945, theie appealed aitides by H 
B Peilman 40 41 of Chicago concerning the effect of explosion 
and blast on the human acoustic conduction appaiatus By 
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attaching tiny minois to various parts of the conduction 
apparatus m fiesh, human, tempoial bones he was able to 
measure the displacement of the part under study (e g, 
malleus or stapes) and lecord its excursions undei the in¬ 
fluence of the shock pulse pioduced by explosions 01 loud 
sounds He disco\eied that at a magnification of 200 times 
the malleus moves when stimulated by a sound at 50 db 
above the thieshold of healing It was mentioned m these 
papers that static pressure of 200 to 400 mm of mercuiy 
v ould rupture the tvmpamc membrane, but how these figures 
were determined was not elucidated Seieral other figuies 
legardmg the piessure developed bv the shock pulse \\ ere 
mentioned Since the thieshold of sound peiception at 1000 
cycles is 10- 16 watts/cm - it can be seen that the intensity of 
the shock pulse is usually many times greater than the "loud¬ 
est sustained sounds” and mav equal many atmospheres Foi 
example, Perlman points out that Thompson measured the 
intensity of the shock pulse 26 feet from the explosion of 
10 lbs of TNT and armed at a figure of 10‘ watts/cm- 
vhich is equal to 200 db abo\e the threshold of sound per¬ 
ception He quotes Miller as stating that the pressuie 
developed 12 feet in front of a 12-mcli gun is 542 lbs /in = 
Sustained sound becomes unbearabh loud at about 10 1 
watts/cm 2 (or 120 db), so it is easj to see how greath 
shock pulses exceed the usual decibel intensity of sustained 
periodic sound Craig 11 stated that piobablv the first case of 
traumatic perforation of a tympanic membrane by explosion 
to be examined and visualized by otoscopy was that seen b\ 
Gruber m 1S66, thiee weeks after the battle of Sadova 

In 1943 Dean 16 discussed blast injuries, and pointed out 
that a 70-pound chaige created a pressure of 110 lbs /in 2 at 
14 feet distance, 60 lbs /m 1 at IS feet, 15 lbs /m 2 at 30 feet 
and 6 lbs /in 2 at 50 feet and that 100 lbs /in 2 is dangerous 
to life 

The effect of aircraft noise upon hearing was reported in 
1944 bv Sentuna/ 6 who noted that noise le\els of 128 db 
vere reached m trainer planes and stated that this decibel 
intensity approaches pam le%el as well as causing auditor! 
fatigue Also m 1944 SiloV reported on 82 cases of blast 
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mjuiy and noted that the loss of healing was moie seveie 
when the tympanic membiane lemamed intact than when it 
luptuied Cantoi r m 1945 sought to explain this obseivation 
on the basis that the pulse wave enteis by way of the Eus¬ 
tachian tube, and if the tympanic membiane lemams intact 
the middle eai acts as a piessuie chambei tiansmitting foice 
to the windows of the mnei eai In 1945 Heniy, 20 m dis¬ 
cussing 292 blast mjunes of the eai, failed to find any dium 
membianes pelfmated m Shiapnell’s aiea 

Fitz-Hugh 50 m 1946 discussed tiaumatic peifoiation in 58 
sei vicemen due to high explosives, but did not suggest what 
piessuie was exerted on the eaidiurn membiane Iieland 28 
tabulated 317 cases of tiaumatic perfoiation fiom blast mjuiy 
and concluded that high explosive and moitai file was most 
often implicated, but the piessuie necessaiy to luptuie the 
caidium membiane was not discussed In 1949 McReynolds” 
was able to lepoit on 286 eais subjected to blast mjmy m the 
Texas City disastei but no mention of luptuie piessuie was 
made Whittmgham 82 m 1964 discussed an unusual case of 
peifoiation of both eaidium membianes duung anesthesia, 
when the patient was “hand bieathed” with the bag, but the 
piessuie exeited was not suggested and would be haid to 
piedict Schnui busch 40 in 1954 descubed a case of umlateial 
peifoiation of the tympanic membiane m a 30-yeai-old con- 
stiuction woikei who was hammeung on a tm cylmdei and 
attubuted the luptuie to sound tiauma Theie was a pei¬ 
foiation anteuoi and postenoi to the malleus handle as¬ 
sociated with tinnitus and healing loss Within thiee weeks 
the membiane healed, and the healing i elm nod to piactically 
noimal In the discussion of this case the authoi points out 
that the type of lesistance offeied to sound piessuie bv the 
tympanic membiane is vaued At lowei frequencies the 
dium membiane acts like an elastic membiane, whcieas at 
highei ficquencles, say about 800 cycles, it shows a lesistance 
moie like a mass leaction to the sound piessuie Consequent¬ 
ly, the elasticity of the dium membiane at low frequencies 
offeis effective lesistance, and consideiablc sound piessuie is 
necessaiy to cause luptuie At highei ficquencics, due to the 
lesistance of the dium membiane m mass, much less pio- 
tection is offeied, and highei fiequency sounds can cause 
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luptuie with less piessuie, however, highei fiequency sounds 
aie very dnectional, so the axis of the sound must be at 
light angles to the dium membiane to exert maximum effect 
It can thus be seen that the mam piotective featuie of the 
eaidium to low fiequency sounds is its elasticity, while at 
highei frequencies the highly dnectional quality of the sound 
waves helps pievent sound tiauma unless the axis is onented 
at light angles to the dium membiane 

The lowei fiequency sounds would be expected to produce 
moie bilateial perfoiations while the higher fiequency, more 
dnectional sounds, would pioduce moie umlateial perfora¬ 
tions of the tympanic membiane 

A laige numbei of discussions of blast mjunes of the eai¬ 
dium membianes appeal m the literature, eg, Ciaig 11 in 
1941, Alexandei 1 m 1941, Dean, 16 Alexandei, 3 Palmei 55 in 
1943, Ciaig, 13 Silox, 4 " Sentuna 46 m 1944, Cantoi,' Benning¬ 
ton, 6 Henry 36 m 1945, Korkis, 31 Ii eland, 35 Fitz-Hugh 30 m 
1946, Falbre 31 m 1947, Fuedman, 33 Collins 10 m 1948, Mc- 
Reynolds, 43 Rice 43 m 1949, Gaicia-Vaqueio 34 m 1953, yet, 
msofai as it was possible to glean tins matenal, no lefeience 
was found as to the pressuie necessary to i upture the human 
eaidium membiane Paienthetically, frequent leports have 
been made of perfoiations of the eaidium membiane as¬ 
sociated with lightning injuries, and of sudden death due to 
diowning lelated to a perfoiation of the eaidium membiane 
Obviously, these could not be concerned with piessuie analyses 

Of the many available methods of luptuung the human 
eaidium membiane expenmentalty, the use of ail piessuie 
most neaily lesembles the common mannei m which many 
accidental luptuies occur, and so a method was devised 
wheieby ail undei a measuiable amount of piessuie could be 
dnected against the membiane m a closed system Onginallv 
two 260 mm sphygmomanometei tubes veie sealed togethei, 
giving an effective piessuie of 520 mm of meicuiy, but this 
piessuie failed to luptuie eithei of the first tvo dium 
membranes tested This method was discaided Then, a 
hand-pumped an piessuie tank was attached to a metal 
handpiece, with one pressure gauge at the tank and anothei 
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Fig 1 Drawing' of Apparatus Utilized 


at the hand piece, wh.ch was inserted 

toiy canal A tightly fitting eai piece connectedI the JP ^ 
apparatus to the external auditory canal ^ tl3 ™ memblime 
an pressuie to the outei surface of the tympan 

(see 3 Di awing) This was used ^ co^ssed 

the hand-pump was latei supplanted by a tank of comp 
Z which was easier to transport and utilize 
With such an appaiatus an was dnected agams 
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Chart 1 


surface of the tvmpamc membzane of recently deceased human 
beings undei a vaneti of conditions First, giadually m- 
cieasmg piessure was utilized until lupture occuned, then 
suddenly applied piessuie was utilized, increasing the pres¬ 
sure with each application until ruptuie occuired, fmalh, m 
older to be suie that the piessuie being measuied was actually 
that lequned to luptuie the eaidium membiane, and not 
also that necessan to open the Eustachian tube, the tegmen 
tvmpam nas exposed and an opening made thiough this 
structuie into the middle ear so that onh the eaidrum mem¬ 
biane opposed the air pressuie 
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TABLE OF CASES 


Age 


Pressure 
(lbs An *) 

Results 

Location Point 

51 

AD 

10 

No perf 



AS 

10 

No perf 


26 

AD (S)* 

28 

Perf 

Not visualized 


AS (S) 

31 

Perf 

Ant inf pars tensa 

28 

AD (G)f 

25 

Perf 

Ant to malleus handle 


AS (G) 

20 5 

Perf 

Ant sup pars tensa 

59 

AD (G) 

20 

Perf 

Ant sup pars tensa 


AS (S) 

25 

Perf 

Post pars flacclda 

49 

AD (G) 

21 

Perf 

Ant sup pars tensa 


AS (S) 

23 

Perf 

Ant pars tensa 

39 

AD (G) 

18 

Perf 

Post pars tensa. 


AS (G) 

33 

Perf 

Ant inf pars tensa 

50 

AD (G) 

40 

No perf 

Technical difficulty 


AS (G) 

31 

Perf 

Pars flaccida. 

25 

AD (G) 

33 

Perf 

Ant sup pars tensa 


AS (S) 

26 

Perf 

Ant Inf pars tensa 

65 

AD (S) 

16 

Perf 

Post pars tensa 


AS (S) 

14 

Perf 

Post, pars tensa. 

Not 

AD (G) 

22 

Perf 

Post pars tensa 

Known 

AS (S) 

20 

Perf 

Post pars tensa 

Not 

AD (G) 

18 

Perf 

Ant pars tensa 

Known 

AS 

Ruptured by Instrumentation 

(tegmental opening) 

27 

AD (S) 

34 

Perf 

Ant. pars tensa 


AS (G) 

30 

Perf 

Ant pars tensa 





(tegmental opening) 

52 

AD (G) 

28 

Perf 

Post Inf pars tensa 


AS (G) 

30 

Perf 

Post inf pars tensa 

83 

AD (S) 

24 

Perf 

Ant inf pars tensa 


AS (G) 

30 

Perf 

Ant. Inf pars tensa 

2 

AD (G) 

24 

Perf 

Ant Inf pars tensa 

Weeks 

AS (G) 

24 

Perf 

Not found 


•Sudden tGradual 


The numbei of subjects tested was 15 The ages of the 
subjects at the time of death vaned fiom two weeks to 83 
years Foui subjects weie Negio, the lemaindei white 
Thuty eaidium membianes weie examined by one of the 
above methods foui did not luptuie, eithei because of in¬ 
sufficient pxessuie (original attempts) oi because of mechani¬ 
cal difficulties Of the eaidium membianes which did iup- 
tuie the following observations weie possible (see Chart 1)^ 
The lowest piessuie at which any mptuied was 14 lbs /m - 
The highest piessuie lequued to luptuie any m the senes 
was 33 lbs /m 2 The mean bieakmg piessuie was 25 lbs /in * 
The light eaidium membianes mptuied at an aveiage pies¬ 
suie of 24 lbs/m 2 , and the left eaidium membianes at an 
aveiage piessuie of 26 lbs/m 2 Theie was no sigmfican 
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difference between luptuie piessuies when gradual 01 sudden 
application was made Individual cases aie piesented with 
comments concerning each (see Table) 

It is lealized that the first question to be laised may be 
whethei or not the eaidrum membrane of a dead human 
being has the tensile stiength of that of a lne peison In the 
living human being the stapedial and tensoi tympam leflexes 
could act to piotect the tvmpamc membiane, but it has been 
shown that the latent penod of this leflex is such that it 
would not have time to act m blast mjuiies, as the pulse 
wave leaches its maximum m much too lapid a time interval 
Some of the ears tested weie only slightly ovei two houis 
postmortem, and the longest time aftei death was 144 houis 
There was no distinct lelationship evident between length 
of time postmortem and the piessuie necessary to luptuie 
the eardrum membiane All subjects had been kept lefit¬ 
erated until examined 

All except two of the eaidrum membianes which were 
ruptuied showed teais in the pais tensa, the two exceptions 
occumng in the pais flaccida, 15 peifoiated m the antenoi 
half of the pais tensa and eight m the postenoi pais tensa 
In the two cases wheie the peifoiation could not be found, 
the piessuie registeied just pnoi to a sudden diop in pies¬ 
suie (accompanied by an audible escape of ail tluough the 
Eustachian tube and nose) was lecoided as the bieakmg 
piessuie That theie is a measuiable loss of piessuie be¬ 
tween the gauge and the eaidium membiane is admitted, 
but is not consideied significant in the gross measui ements 
taken heie, noi of clinical value because of the lange of 
piessuies m the senes 

Aftei ainvmg at an aveiage figuie foi the piessuie at 
which a human eaidrum might be expected to ruptuie, what 
then becomes of more import is the question of piactical 
application of these figures Vail 49 has already leported that 
two different patients had ruptuied eardium membianes 
from positne piessures of 27 and 30 pounds per squaie inch 
respectivelv, and so the necessitv of a caisson woikei lianng 
functional Eustachian tubes (and voluntarily opening them) 
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FORMULATION 
To Change lbs /In 5 to Decibels 


Thi eshold of heai ing = 10 10 Microwatts/cm 


Intensity = 


Power 


Sound level in decibels 0 


area 

Force X distance 
time 

10’ dyne-cm or ergs = 1 Joule 
1 joule/sec = watt 


/ 


Ai ea 


, Watts/cm 1 = 


dyne 


(cm ) 


rh' 


10 T (sec ; 

10" microwatts = 1 n att. 

dyne (cm) X 10" 

„ 0 o Micron atts/cm 3 = 


10’ (sec) cm' 

(cm/sec =\elocity) dynes X velocity X 10” 


10 1 cm - 

Velocity of sound = 33100 cm /sec at 0° C and increases 01 cm /sec for 
each 1° C lise above 0° C 
„° 0 dynes X / 33100 + (61 X t° C ) \ 

\ cm 5 / 


10 V cm 1 

oi dynes X /33100 + (61 X C ) 

cm 5 \ 


10 


Acceleration of giavity = 980 cm/sec* 
dj nes/cm - = lbs /in 3 X 454 X 080 
2 54 X 2 54 

lbs/in X 454 X 980 X 33100 + (61 X t" C ) 

10 


2 54 X 2 54 


Decibels = 10 log 


E_ 

E° 


= mici on atts/cm 

E° =10 10 microwatts/cm 3 = Threshold of 
heniing 


( microwatts/cm 1 
- 


10 


)- 


Intensity 


10 log 


C 


lbs X 454 X 980 X 33100 + 01 t° C_ 

10 


in 


2 54 X 2 54 


10 


) 


= Intensitj 
in decibels 


Now in this foimula —^ ——— -= 08,980 or a constant of 09,000 

2 54 X 2 54 

and if the average temperature is assumed to be 30° C then 

33,100 + 01 X 3 0 _ g gg or ns a cons t an t 3 500 and the formula is reduced 
10 
to 

/ lbs /in X 241 000 000 \ 

10 log /-^ J or 

10 log lbs /in X 241 X 10“ = IntenslD in decibels 
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is immediately appaient Similaih, Aimstiong and Hemr 
have indicated the piactical \alue of this knowledge m a\ia- 
tion Numeious articles hara indicated the lelation of these 
figuies to underwatei dmng, as m a lecent review bv Mai- 
tms 30 Anothei phase is the 1 elation of these pressuie-iuptuie 
figuies to sound Pei Imam 10 states (probably mdnectly quot¬ 
ing Colliei 9 ) that if a 200-pound bomb exploded in State 
Stieet, Chicago, everyone on the stieet within a radius of 50 
feet fiom the bomb would likely have luptuied eaidiums 



As the atom and hydiogen bombs and jet engines have 
opened new vistas m sound study, and a lecent judicial vei- 
dict has made healing loss due to acoustic tiauma in industry 
compensable, it would seem well to know at what decibel 
intensity a human eaidium membrane might be expected to 
ruptuie It then becomes necessan to convert decibel in¬ 
tensity to pounds pei squaie inch The eailiest successful 
attempts to measuie sound velocity m an weie those of Mann 
Meisenne, a Fiench physicist m 1640, and two Italian ph\si- 
cists, Boielli and Vivam, in 1656 One of the most recent, 
detailed and appaientlv accurate measuiements of sound 
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velocity was done by Millei 37 in 1934 The convexsion of 
decibels (microwatts/cm 2 ) to lbs /m 2 is dependent upon two 
values being constant, namely velocity and tempeiatuie This 
is because the velocity of sound vanes dnectly with the 
temperatuie and the variant between watts/cm 2 and lbs /in 2 
is (flow) cm /sec (velocity) , therefoie, m any descnption 
of lbs/m 2 m terms of decibels (watts/cm 2 ), it is necessary 
to state at what tempeiature the conveision is made, as this 
m turn would altei the velocity (see Formulation) 

By substituting m the above foimula it would seem that 
a human eaidium membrane may be expected to ruptuie at 
between 195 and 199 dbs at 30° C The threshold of pain, 
120 dbs, is equal to 0000005 pounds pei squaie inch, and if 
the figures of Aimstrong and Heim are accepted, then very 
severe pam occuis at 186 dbs if the temperatuie be taken at 
30° C (see Chart 2) It is felt that the system utilized m 
this study appioximates that present m conditions resulting m 
low fi equency, sonic, traumatic perforations and consequently 
may be expected to give higher decibel figuies than would be 
encounteied if high fi equency sound waves were utilized For 
example, Davis et al 16 m 1949 described a perfoiation of the 
tympanic membiane after exposure to a 6500 fi equency 
sound at 156-164 dbs foi five minutes The low decibel 
figuie attained by these woikers may be due to the high 
frequency of the sound wave (and duration) and lowei 
tempeiatuies (not lecoided) 

SUMMARY AND CONCLUSIONS 

1 The hteiatuie concerning tympanic membiane luptuie 
due to an piessuie has been leviewed 

2 Tympanic membranes of lecently deceased human beings 
have been luptuied by the application of an pressuie by way 
of the external auditory canal, and the mynngoiuptuie pies- 
suies lecoided 

3 The tympanic membiane leacts diffeiently to sound 
piessuies fiom high and low fi equency waves, and this study 
piobably moie closely lesembles results to be found m 
frequency sound tiauma 
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4 Some clinical coi relations are suggested as related to 
decibel intensity, an piessuie and myrmgoi upture 
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LARYNGOLOGIC EXPERIENCE IN BULBAR 
POLIOMYELITIS * 


Charles P Lebo, M D ,f 
San Francisco, Calif 


“When you know a thing, to hold that you know it, and 
when you do not know a thing, to allow that you do not know 
it this is knowledge ” CoNrucrns, Analects, Book II, Chap 


A critical evaluation of the experiences of a consulting 
laryngologist on the poliomyelitis service of an active, pnvate 
communicable disease hospital is presented This leport may 
appear to be ledundant and ill-timed, since it is written m 
the wake of a large numbei of excellent articles on the tecog- 
nition and management of the lespnatory complications of 
poliomyelitis, published by competent observeis, and is offeied 
at a time when the incidence of this dreaded neuiotiopic 
vnus disease is declining 


Why then, does the author have the tementy to undertake 
the writing of still anothei paper on this subject 9 The an¬ 
swer lies m the wntei’s strong conviction that theie lemams 
much to be learned about the pievention, diagnosis, and tieat- 
ment of the respiratory complications of poliomyelitis At 
the beginning of his clinical contact with the disease, the 
essayist prepared himself by means of an extensive leview 
of the pertinent Iiteiatuie and discussion of the subject with 
physicians qualified by actual clinical expenence with polio¬ 
myelitis Initially, all phases of the laryngologic management 
of bulbai poliomyelitis seemed to be very clear to the authoi, 
however, as his expenence with the disease became gieatei, 
he began to perceive that the indications foi laiyngologic 
inter vention in bulbai poliomyelitis m a distuibmgly laige 
numbei of cases, weie not cleaily delineated Aftei seveial 


•Submitted as a Candidates Thesis to The American Aar> ngoloerlcal 
Khlnologlcal and Otologlcal Socletj Inc 1957 

tFrom the Communicable Diseases Service of Childrens Hospital a 
Francisco Calif and the Division of Otorhlnolarj neology Department 
Surge rj Stanford Unitersltj School of Medicine 

Editor’s Note This manuscript received Jn The Daryngoscope Office 
accepted for publication Jan. 27 1968 
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years of clinical experience with the disease, the author found 
himself distressed bv his piogiessne inability to give categon- 
cal answeis to questions posed bv membeis of the house staff, 
questions winch he had pieviously thought to be easily an¬ 
swerable The wnter was thus stmiulated to take mventoiv 
of Ins knowledge and ignoiance with the aid of a leview of 
the case lecoids of patients m this category admitted to 
Cluldren’s Hospital duung the veais 1948 tluough 1956 

OBJECTIVES 

The objectives of tins studv aie 

1 To leview the hteiatuie concerning the lole of the 
otolaryngologist m the management of bulbai poliomyelitis 

2 To study the cases encounteied bv the author and his 
colleagues at Children’s Hospital and to compaie their ex¬ 
periences with those of otliei gioups leportmg fiom similar 
institutions 

8 To descube the modus operandt of the polionn elitis team 
at Clnldien’s Hospital 

4 To foimulate certain geneial pi maples which might 
seiwe to guide otlier otolaiyngologists m the theiapy of the 
lespnatoiy complications of bulbai poliomyelitis, and those 
of other diseases m winch analogous pioblems occui 

BACKGROUND 

Much has been written duung lecent reais of the lespna- 
tory complications of poliomyelitis, and particular h those of 
the bulbai form of the disease In 1929, Durand 1 published 
what appeals to be the first report concerning the dangeis 
of the hypophai vngeal secietions to the patient with bulbai 
poliomyelitis He descubed two cases m which postural 
dramage appealed to be beneficial Shaw,* m Ins discussion 
of this papei, made the following lemaiks, which mar sene 
well as the theme of tins discourse “ the tendency of these 
cases is to progiess lapidlv to death oi to complete le- 
coverv ” and “ successful employment of Dr Duiand’s 

•Shaw E B Chief of the Communicable Diseases Ser\ Ice Childrens 
Hospital San Francisco Calif 
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method simply lemoves a great obstacle in the way of com¬ 
plete 1 ecovery ” 


Wilson, 2 m 1931 obseived that poliomyelitis may interfere 
with lespnation m thiee ways 1 directly, by actual paral¬ 
ysis of the intei costals and diaphiagm, 2 duectly, by in¬ 
volvement of the lespiratoiy centers in the medulla, S in¬ 
directly, m patients with pharyngeal paialysis, by secietional 
obstruction with oi without associated glottic spasm He 
stiessed the importance of differential diagnosis of the natuie 
of the lespiratoiy difficulty as a basis foi rational manage¬ 
ment He did not mention tiacheotomy 


In a leview article published m 1936 Davison, 3 m lefeience 
to the caie of patients afflicted with bulbai poliomyelitis, 
recommended that the foot of the bed be elevated foi postuial 
drainage, and that the hypopharyngeal secretions be aspnated 
frequently Gastric tube feedings, intravenous infusions, and 
proctoclysis were advocated as methods of choice in providing 
nourishment foi these patients Finally this authoi stated 
that m such cases the use of the lespnatoi is conti amdicated, 
but that tracheotomy may be indicated 


Wilson, 4 commenting in 1941 upon the use of the lespnatoi 
emphasized that patients having lespiratoiy difficulty, due 
to bulbai paralysis, aie not helped by this device, but aie 
actually made woise by its use He reaffirmed the importance 
of caieful examination and evaluation of poliomyelitis pa¬ 
tients with emphasis upon the differential diagnosis of 
lespiratoiy difficulty Recommended theiapy included pos- 
tuial diamage, aspnations of the pharynx, and even trache¬ 
otomy, although no actual expenence with the lattei procedure 
is mentioned 


The fust leport of actual tracheotomies m bulbai polio¬ 
myelitis (encounteied by the essayist m his leview of the 
hteratme) was that of Galloway, 5 who is 1943 descubed the 
use of tiacheotomy m two cases, with subsequent recovery 
m both patients This leport also descnbes a thud case m 
which the patient died during preparation foi tracheotomy 
Two years Iatei, Nelson-Jones and Hunt Williams 0 leporte 
one case of bulbar poliomyelitis, occurring m a British den 
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officei, -mth suivival aftei a tracheotomy In 1947, Hamil¬ 
ton' asserted that the indications foi tracheotomy aie not 
cleai cut, and possibly they may nevei be 

In then account of 400 cases of bulbai poliomyelitis tieated 
m the Minneapolis epidemic of 1946, Priest, Boies, and Goltz s 
leported 75 tiacheotonnes Of the opeiated patients, 29 le- 
coveied The mortality m the non-ti acheotomized gioup of 
patients is not included m then leport Galloway and Seifert 6 
lepoited m 1949 concerning 14 patients afflicted with bulbai 
poliomyelitis, all of whom lecoveied following tracheotomy 
In tins classic papei the pioblem of lespnatory complications 
m poliomyelitis is piesented in a concise, yet compiehensive 
mannei Using diawings of a model, the authois demonstiate 
the physical basis foi the effectiveness of tiacheotomv as a 
by-pass foi pieventmg aspnation of pharyngeal secietions 
m patients with bulbai paialvsis They stiess the need foi 
this tiaeheotomic by-pass when patients, haung pooling of 
secietions due to pharyngeal paialvsis, aie placed m lespna- 
tois Accoidmg to these authois, the lespnatoi is not onh 
not contraindicated foi patients with bulbai invohenient, but 
that tlus device is actually helpful to such patients piovidmg 
they aie affoided the piotection of tiacheotomy Gallovar 
and Seifert offei the following indications foi tiacheotoim 
m bulbai pohom 3 r elitis 

1 Piogiessive anovia with secietions in the uppei airway 

2 Unconsciousness oi pionounced lestlessness m a patient 
who does not lespond to othei tieatment m a fev minutes 

3 Pionounced lestlessness oi stupoi m a patient in a 
lespnatoi, even if the paialvsis is appaientlv of a spinal 
type 

U Food accumulation, not otherwise certainly taken caie 
of, m a patient who lequnes a respnatoi 

5 Bilateial parahsis or spasm of the vocal coids 

6 Rapidly piogiessive bulbai symptoms 

7 Giave signs of vasomotoi failure 

S Untrained oi inefficient attendants, inadequate equip- 
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ment, 01 poor cooperation of the patient, with doubt that the 
airway will be kept constantly fiee of secietions 

West and Bauei, 11 also leportmg m 1949, gave a diffeient 
set of indications foi tiacheotomy 

1 Definite bulbar signs such as nasal voice, signs of mtei- 
feience with swallowing, and pooling which endangeis the 
airway 

2 Bulbai oi spinal cases, at fust doing well, but later 
showing giadually mci easing anoxia, whethei in oi out of 
the lespirator 

3 Atelectasis 

U Vocal coid paialysis 

Lenarsky, 1 - repoitmg m 1950 from the Willaid Paikei 
Hospital m New Yoik, questioned the value of tiacheotomy 
m bulbai poliomyelitis, and piesented a moitahty of 72 7 
per cent m tiacheotomized cases as opposed to a mortality 
of 24 4 pei cent m non-tiacheotomized cases This author 
advocated that bulbai poliomyelitis patients be tieated, not 
by a single physician, but by a team of specialists, including 
the internist oi pediatucian, the otolaryngologist, the oitho- 
pedist, the physiatrist, and the psychiatust Lenaisky em¬ 
phasized that the otolaiyngologist should not be sought foi 
the tiacheotomy alone, but should function as a part of the 
team in the eaily tieatment of the patient 

Stimson, 14 m 1950, piesented still anothei set of indications 
foi tiacheotoms' - These weie 

1 Bdateial abductoi paialysis of the vocal colds Tins 
causes a mechanical obstruction which must be by-passed 

2 Inability to keep the airway leasonably cleai Some 
clinics with good teamwoik can be notably moie successful 
m this than otheis that aie oveiciowded oi have inadequate 
oi untiamed peisonnel 

3 Piogiessive hypoxia, not otheiwise conectible 

The same authoi enumeiates the following as disadvantages 
of tiacheotomy 
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1 The opeiation is at best an oideal to the patient, who 
needs lest and a minimum of handling 

2 Theie aie possible complications 

S The mortality following tiaeheotomy m polio is high 

4 The tiaeheotomy tube nanows the an way and, as a 
foieign body, it inci eases endotiacheal secietions 

5 Tiaeheotomy makes oxygen administration difficult un¬ 
less a piopei oxygen attachment is available 

Since these eaihei lepoits, a multitude of othei papers 
have been published on the subject of tiaeheotomy m bulbai 
poliomyelitis Almost without exception, these accounts have 
echoed the leasomng of Galloway, and have confirmed his 
lesults 


REPORT OP CASES 

Diumg the yeais 1948 to 1956 inclusive, the total numbei 
of poliomyelitis cases admitted to Childien’s Hospital was 
2,158 Of these cases, 345 weie of the bulbai and bulbo¬ 
spinal types, the oveiall mortality in tins gioup was 19 4 
pei cent, oi 67 deaths Tiacheotomies weie peifoimed in 40 
cases having bulbai involvement Theie weie 15 deaths 
(37 5 pei cent) m the tiacheotomized gioup Endotiacheal 
intubation, planned as a tempoiary measuie, i\as perfoimed 
m six monbund, comatose, lespnatoi cases, all of which 
expned 

Fig 1 shows, yeai by yeai, the total numbei of patients 
with bulbai involvement, then moitalitv, and the numbei of 
tiacheotomies perfoimed This table demonstiates giaplncal- 
h that, in oui senes of cases, no appaient lelationship exists 
between the total numbei of cases, the numbei of tiacheot¬ 
omies performed, and the mortahtv statistics As an example 
of this lack of con elation, let us compaie the \eais 1951 and 
1952 In the yeai 1951, 67 cases of bulbai and bulbospinal 
poliomyelitis weie admitted to Clnldien’s Hospital, m this 
senes of cases two tiacheotomies weie performed and the 
oveiall mortality w r as 12 cases oi 17 8 pei cent In the veai 
1952, of a total of 59 cases with bulbai ini oh ement, there 
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were ten tiacheotomies, nine deaths, and an oveiall moitality 
of 15 2 pei cent Certainly the case data fiom 1951 and 1952, 
as well as those of the othei yeais included m this study, do 
not enable one to conclude that the mortality expel lence in 
bulbai and bulbospinal poliomyelitis cases at Childien’s Hos¬ 
pital was significantly influenced by the numbei of tieacheot- 
omies pei formed 

Fig 2 indicates that m oui series of patients, the mortality 
m the bulbai cases was approximately twice that occunmg 
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Fig 1 A graph showing the total number of bulbar and bulbospinal 
poliomyelitis cases year by year together with data concerning 
mortality experience and the number of tracheotomies performed 


m the bulbospinal cases Shaw 10 explains this finding on 
the basis that patients with bulbospinal poliomyelitis tend to 
have mild, widely-disseminated cential neivous system in¬ 
volvement, while patients with puie bulbar poliomyelitis aie 
moie likely to have moie seveie local involvement occunmg 
in vital centeis 

A companson of oui experience with that of foui othei 
groups is illustrated m Fig 3 In the percentage of bulbar 
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Type 

Total Cases 

Mortality 

Bulbar 

2.* -j'J 

33 or 2S 7% 

34 or 14 S% 

Bulbospinal 

. .... ...220 



Fig: 2 The comparative 
bulbar polio m\elltis and 
194S to 1966 Inclusive 

mortality experience at Children s Hospital In 
in bulbospinal poliomyelitis during the ears 


Reporting Group Total Iso 

or Institution Bulbar Cases 

Tracheot¬ 
omy Cases 

Deaths in 
Tracheot¬ 
omy Cases 

Deaths in 
Non-Trache¬ 
otomy Cases 

Minneapolis Gr , 1946 _ —400 

75 

46 

not 


(IS 7%) 

(613%) 

specified 

Etanston Hospital, 1947 50 ___ 63 

Los Angeles Countv Hospital 

25 

(39 6%) 


10 - 

a 1946 __129 

14 

7 

31 


(10 S%) 

(50%) 

(26 9%) 

b 194S ___600 

Willard Parker Hospital 

230 

(38 3%) 


123- 

N Y 1948 1949 __—171 

11 

S 

39 

Children s Hospital San 

(6 4%) 

(72 7%) 

(24 4%) 

Francisco 194S 1957 -—345 

40 

15 

52 

Combined Experience (based 
upon specified data in 

(116%) 

(37 5%) 

(17 0%) 

each category )- 1708 

395 

76 

122 


(23 1%) 

(54 3%) 

(18 9%) 


Figr 3 This chart is a comparati\e compilation of the experience of 
the designated groups or institutions with tracheotomy in bulbar polio¬ 
myelitis. The percentages expressed are based only on those reports 
which included a complete breakdown of data within the terms of refer¬ 
ence of this chart. 


cases tiacheotomized, Childien’s Hospital occupies a median 
position Oui death late m both the tiacheotomized patients 
and m the non-tiacheotomized patients is the lowest of all 
gioups m whose lepoits these statistics are specified Like 
the mvestigatois at Los Angeles County Hospital and at 
Willaid Paiker Hospital, we found the mortality to be highei 
m the tiacheotomized bulbar cases than m the non-tiaclieot- 
omized bulbai cases 

LARI NGOLOGIC MANAGEMENT OF POLIOMYELITIS CASES 
AT CHILDREN’S HOSPITAL 

The facilities at tins institution aie particulailv favoiable 
foi the caie of poliorm elitis patients The communicable 
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disease building is well equipped, and is geneiously staffed 
with lesident physicians, interns and expenenced nuismg 
peisonnel During the penod coveied by this leport a group 
of consulting laiyngologists paiticipated on a “poliomyelitis 
team” which, m addition to the attending physicians and 
the house staff, included anesthesiologists The laiyngologists 
weie consulted as eaily as possible, theieby giving them the 
oppoitunity of following each case with manifest 01 develop¬ 
ing bulbai involvement, and thus enabling them to gam a 
dynamic peispective of each individual pioblem Because of 
the caie it was possible to lendei undei these cncumstances, 
the indications foi tiacheotomy at Childien’s Hospital dif- 
feied fiom those lepoited by physicians woiking m similai 
institutions 


TRACHEOTOMY 

The indications foi tiacheotomy at Childien’s Hospital aie 
best piesented m lefeience to those of Galloway, which aie 
widely accepted as the standaid indications foi this suigical 
pioceduie m poliomyelitis Galloway's fust indication (pio- 
giessive anoxia with secietions m the uppei an way), his 
fifth indication (bilateial paialysis 01 spasm of the vocal 
coids), and his sixth indication (lapidly piogiessive bulbai 
symptoms) aie consideied to be quite impoitant by the authoi 
and his colleagues 

We differ fiom Di Galloway m lefeience to his second 
(unconsciousness 01 pionounced lestlessness m a patient who 
does not lespond to othei tieatment in a few minutes), and 
thud (pionounced lestlessness 01 stupoi m a patient m a 
lespnatoi, even if the paralysis is appaiently of a spinal 
type) indications It is oui opinion that it is impeiative m 
such situations to deteimme the etiology of the lestlessness 
oi of the comatose state befoie instituting theiapeutic meas- 
uies, tiacheotomy, undei the conditions specified in these 
two indications, may often be mappiopnate theiapy 

Indication foui (food accumulation not othei wise ceitamly 
taken caie of in the patient who lequnes a lespnatoi) is no 
geneially applied, since the use of mtiavenous and tu 
feedings eliminates this pioblem, howevei, such patien s 
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lequne extremely close obseivation and may have need foi 
tracheotomy for othei leasons 

While indication seven (grave signs of vasomotoi failuie) 
may be the lesult of piolonged hypoxia, such findings mav 
also be due to medullary involvement bv the disease piocess 
pei se, hence we do not, as a lule, perform tiacheotomies 
meiely on the basis of vasomotoi failuie 

As some of the foiegoing lemaiks have implied, indication 
eight, which concerns pioblems lelative to peisonnel and 
equipment, is one that we hare not had to apply at Children’s 
Hospital On the contiaiv, it is believed that many of the 
bulbai pohoim elitis cases which weie tieated successfully at 
this institution without tiacheotomy would have been tiache- 
otonnzed at most othei hospitals 

In lefeience to the indication concerning bilateial vocal 
coid paialysis, the poliomyelitis team at Clnldien’s Hospital 
considers the piesence of unilateral vocal coid paialjsis, 01 
paiesis, to be a valid indication foi tiacheotomv, all otliei 
factois being considered Anothei indication lefened to bv 
Galloway, but not included m Ins list, concerns the patient 
with mild bulbai involvement, m whom piogiessne lespna- 
toiy paialysis necessitates Ins tiansfei to a lespnatoi It has 
been oui pohcv to piotect such patients with pielinunarr 
tracheotomies 

Although the indications of Gallowav, with the afoiemen- 
tioned modifications, aie geneiallv employed at Clnldien’s 
Hospital, the authoi and Ins colleagues piefei not to adhere 
to any specific set of indications In all patients, the indica¬ 
tions foi tiacheotomy aie considered m the light of many 
important factois, such as the geneial condition of the patient, 
the stage and seventy of the disease, the piesence of pul- 
monaiy complications, and the level of consciousness We 
consider the situation to be fai too complicated to peimit the 
use of any categorical list of indications, nonetheless, we 
lecogmze the value of such a list of indications in hospitals 
in which bulbar polionnelitis is not fiequenth encounteied 

The mam considerations m regaid to the indications foi 
tiacheotomv m this disease ie\ol\e aiound a caieful initial 
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examination of the patient, which must include eithei mdiiect 
01 dnect laiyngoscopy When the findings of the initial 
examination do not indicate tiacheotomy, the laijmgologist is 
then obligated to follow the patient with as many subsequent 
examinations as may be needed foi caieful evaluation of the 
patient’s piogiess We have employed the policy of utilizing 
postuial diamage, phaiyngeal aspnation, and othei conseiva- 
tive measuies m oidei to evaluate and manage all bulbai 
patients who weie not obvious candidates foi immediate 
tiacheotomy 

The following case xepoits aie piesented as illustiations 
of typical situations m which we have not peifoimed this 
suigical pioceduie 

Case 1 H N, a 37 yeai old male physician, was admitted on Sept 17, 
1952, with a historj of soie throat and fever foi five days, gagging and 
vomiting for two days, and inability to swallow foi six hours Initial 
examination disclosed a w'ell developed and nourished, appreliensh e per 
son with rhinolalia, hoarseness and gurgling speech The patient was 
neither able to cough not to swallow' his secretion The positive physical 
findings Included maiked weakness of the soft palate with deviation of 
the uvula to the left, pronounced weakness of the pharyngeal const)ictors, 
greater on the light, and a mild but definite ndductor paresis of the 
right vocal cord The intercostal muscles and the diaphragm were 
judged to function noimally No weakness noi spasm wns demonstrable 
in the extremities The lungs were clear 

The patient was given a diagnosis of acute bulbar poliomyelitis and 
was treated by means of postural drainage, intermittent suctioning of 
the pharyngeal secietions, and feeding via nasal tube It was the de¬ 
cision of the staff that this patient, having weathered the storm, would 
piobablv continue to lmpiove under conseivative management Traclie 
otomy was defeired 

The fe\ei, which was 39° C rectally on admission, lysed rapidly The 
patient was afebrile by Sept 19, 1952 On Oct S, 1952, the feeding tube 
was removed and the patient was discharged four dais later 


COMMENT 

This case lepoit has been included m oidei to illustrate a 
statement made eailiei m this papei to the effect that the 
indications foi tiacheotomy m bulbai poliomyelitis should be 
tempeied with consideiation of the stage of the disease pio- 
cess Ceitamly this patient would have done veiy well with 
a tiacheotomy, yet the staff leasoned that since H N ap¬ 
pealed to be neai the end of the acute phase of his disease 
and had leached this point without the development of pul- 
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monary complications, tracheotomy might be avoided so long 
as the clinical pictuie continued to impiove 

Case 2 V M a five-'ear-old ben, was admitted on Aug 29 1954 with 
a historv of vomiting and fever of two davs’ duration and of headache 
and backache for one dai prior to admission The initial physical 
examination revealed slight neck stiffness partial left sided facial paral 
ysis weakness of the pharvngeal constiictors associated with a moderate 
degree of pooling and a rectal temperature of 40° C The sensorium was 
clear No ci anosis was observed The function of the respiratory muscles 
was unimpaired 

At a conference held on the date of admission it was predicted that 
since this child was in an early phase of his disease progression was 
likelv to occur Accordinglv the bo% was given postural drainage 
intermittent pharyngeal aspirations tube feeding, and close observation 
On Aug 30 1954 progression was evidenced by beginning intercostal 
paralysis increased rightsided facial weakness and slight lethargi 
without cyanosis It was then decided that immediate tracheotom\ 
should be performed 

The operation was completed without incident under general anesthesia 
a No 2 snorkel tracheotorm tube being inserted -i Postoperative!' the 
child was placed in an open topped tent which was ventilated with 
oxygen containing a nebulized detergent,* Fortv-eight hours post 
operative!' because of increasing respiratory paral} sis with attendant 
diminution of his tidal volume the patient was placed in a tankt'pe 
respirator His initial adjustment to the machine was good, and pro¬ 
gressive improvement began The patient was removed from the respira 
tor after five days and was extubated two da}s later He was discharged 
from Children s Hospital on Sept 20, 1954 


COMMENT 

The case of V M is piesented foi contiast with Case No 1 
The boy was very ill, and still in an eaily stage of his disease, 
when admitted It was anticipated that piogiession tumid 
occui, and unfoi tunately this piognosis was valid It became 
necessary to perform a tracheotomy and eventually, to place 
the child in a lespnator In letiospect, it would not have 
been impiopei to perform the tiacheotomy on the dav of 
admission This case selves to lemfoice the thesis that the 
indications foi tracheotomy m bulbai poliomyelitis should be 
tempeied by the chionologv of the disease piocess 

Case 3 Mrs S M a 41year-old housewife was admitted to Children s 
Hospital on Aug 4 1951 twentvfour hours after the sudden onset of 
headache fever and inability to swallow On admission, the patient was 
quite restless and presented a complete paral'sis of the left facial ner\e 
deviation of the tongue to the right, pooling of secretions in the hvpo- 
pharvnx fixation of both vocal cords In abduction and the characteristic 
signs of meningeal irritation Although she was dusky in color initial!' 


•Ale'aire V inthrop Laboratories New lork 
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her color improved promptly with elevation of the foot of her bed, nasal 
oxygen and intermittent pharyngeal suctioning 

One hour after admission the patient suddenly became cyanotic and 
appeared to have no respiratory exchange She was immediately placed 
in a tank respirator and was provided with an endotracheal airway 
Again her color improved, particularly after aspiration of the contents 
of the tracheobronchial tree through the endotracheal tube The patient 
maintained this improvement for 90 minutes, and then expired 


COMMENT 

This woman suffeied an overwhelming invasion of hei 
central neivous system by the poliomyelitis vnus In hei 
management, the insertion of an endotiacheal tube offeied 
all that might be expected from a tiacheotomy, but did not 
expose hei to a suigical piocedure at a time when hei life 
was m jeopardy Had she lesponded to theiapy, a tiacheot¬ 
omy would have been peifoimed befoie removal of the endo¬ 
tiacheal tube 

Endotiacheal intubation has a very definite place m the 
management of bulbai poliomyelitis Ceitamly, it is a desn- 
able substitute foi an emeigency tiacheotomy Anothei ad¬ 
vantage of the pioceduie is that it may be done at any hospital 
by the anesthesiologist on duty, should the amval of the 
otolaiyngologist be delayed 

TECHNICAL CONSIDERATIONS 

It so happened that local and geneial anesthesia weie used 
with equal fiequency m the entile senes of cases Local 
anesthesia piedommated m the eaihei yeais, while geneial 
anesthesia piedommated m the moie lecent yeais Both 
types of anesthesia weie found to be satisfactoiy and well 
toleiated, even m very sick patients 31 Geneial anesthesia 
Avas initially employed to facilitate the caie of lespnatoi 
patients, but as oui expenence with this technique gieiv, we 
elected to use it also m patients whose disease did not neces¬ 
sitate the use of the lespnator Cunently at Childiens 
Hospital, geneial anesthesia is consideied the method of 
choice foi respnatoi cases and is utilized intei changeably 
AAuth local anesthesia m non-iespnatoi cases 

Wlienevei possible, patients lequinng tracheotomy wel e 
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lemoved to the opeiating 100 m of the communicable disease 
building Respnatoi patients weie usuallv tiansfeiied to 
an opeiating- table as a pielimmary to tiacheotomv Removal 
of the patients fiom the lespnatois was accomplished after 
induction of geneial anesthesia, with endotiacheal intubation 
enabling the anesthesiologists to lendei aitificial respiration 
tin oughout the pioceduies It was thus possible to aioid the 
pitfalls of peifoinnng this operation m the lespnatoi Aiti- 



Fig 4-A. Lateral view of snorkel tracheotomv tube** in sires No 5 and 
No 0 

ficial lespnation aftei insertion of the tracheotonn tube, and 
before leplacement of the patient m the lespnatoi, vas 
simplified with the use of the snoikel tiacheotomv tube =1 
It is pointed out that this special tracheotomi tube has also 
been helpful m facilitating the respnatoi care of tiacheot- 
onnzed patients (The snorkel tiacheotom\ tube is illustiated 
in Figs 4, 5) 


BRONCHOSCOP1 

While bionchoscopv as a single 01 lepetitne piocedure is 
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rig 4-B Anterior ^ le^ of snorkel trnclieotom> tubes In sizes No B nnd 


No 0 


often peifoimed independently of tiacheotomy m bulbai polio¬ 
myelitis, it was fiequently undei taken as a P iel,m ’" a1 ;' a 
this suigical pioceduie When a hionchoscopy pi ea 

tiacheotomy, the bionchoscope was usually left m the 
duung the suigeiy By means of a heavy flow of the 
thetic mixtuie, aitificial lespnation was admimsteie 
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satisfactory tluough bionchoscopes of the type which is 
fitted iwth an oxygen adaptei neai the pioximal end 32 

We ha\e favoied geneial anesthesia foi peioial bioncho- 
scopv in nontiacheotomized respnatoi patients because ne 
ha\e seldom obtained satisfactory topical anesthesia in this 
gioup of patients The difficult!- m inducing adequate topical 
anesthesia m this gioup is attributed to both the pooled 
secietions m the phaivnx and to the lecunibent position 
Undei these cu cumstances thiopental sodium and a cuianzmg 
agent aie adnnnisteied mtia\ enoush The lespnatoi pio- 



Fig 5 Illustration of snorkel tracheotom\ tube in use is \iewed from 
outside of respirator \ote the end of the tube emerging from the sponge 
rubber collar of the respirator this Is an endotracheal tube the opposite 
end of which is attached to a snorkel tracheotorm tube inside the res¬ 
pirator 


vides artificial lespiration duung anesthesia as yell as m 
the preanesthetic and postanesthetic penods General anes¬ 
thesia is not requned m bionchoscopic piocedures performed 
tlirough tracheotomies In this instance topical anesthesia 
is emplo!ed, except for comatose patients m whom no anes¬ 
thesia is required A major ad\antage of tiacheotorm is 
that it facilitates bedside bionchoscopv 

POST-TRACHEOTOMY CARE 

As pointed out by Negus , 35 the pie\iouslj anoxic patient 
may be m danger aftei a successful tracheotoim because of 
apnea induced by a rapid loss of excess carbon dioxide re- 
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suiting fiom restoration of an adequate airway at a time when 
the chemoieeeptois aie no longer lesponsive to the noimal 
range of plasma carbon dioxide concentiations Although no 
complications of this sort weie encounteied m oui senes of 
cases, we have been awaie of this possible dangei and have 
taken the lecommended piecautions against it 

It is consideied advisable to change tracheotomy tubes 
eveiy 48 houis for the fust seven to ten days, and twice 
weekly theieaftei Although extia laige tiacheotomy tubes 
have been advocated by other workeis, 84 we have not encoun¬ 
tered a need foi then use 

The pioceduie of aspnation of the tiacheobionchial tiee 
thiough the tracheotomy tube is to be undei taken with cau¬ 
tion, since pulmonary complications may follow tiaumatic 
suctioning Plumb and Dunning, 35 and Conley, 30 have em¬ 
phasized these dangei s, and both have suggested methods of 
avoiding such tiauma 


EXTUBATION 

It is believed that allowing the tiacheotomy tube to lemam 
m place should be consideied to be just as active a piocess 
as electing to peiform the tracheotomy The tiacheotomy 
tube, which is no longei needed, is both a physical and psycho¬ 
logical detnment to the welfaie of the patient who weais it 
The duties of the laiyngologist do not end with the tei ruina¬ 
tion of the acute phase of the tiacheotomized poliomyelitis 
patient’s illness, he is obligated to follow the piogiess of the 
patient and to extubate at the piopei time Successful ex- 
tubation demands the judicious use of the ait of medicine 
and lequnes a positive, confident attitude on the pait of the 
laiyngologist 

The tiacheotomy tube constitutes a foreign body, and as 
such evokes the foimation of excessive secietions The pies- 
ence of such secietions does not necessanly indicate that the 
tube is still needed 


DISCUSSION 

Many leports of tiacheotomy in bulbai poliomyelitis hst 
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gioups of cases in which tracheotomy is legalded as a life¬ 
saving pioceduie This authoi is unable to conclude that 
tiacheotomy was hfe-sa\mg noi that this pioceduie was not 
life-saving in anj of the surviving cases included in tins 
lepoit The clinical pictuie is fai too complicated Manv of 
oui patients exhibited diamatic initial impiovement after 
tiacheotomy, but subsequentlv died, some patients showed 
no change aftei tracheotomy, but lecoveied, othei patients 
maintained wliatevei impiovement followed tracheotomy 

Most authoi s stiess the importance of clinical hypoxia m 
then lists of tiacheotomy indications and include lestlessness, 
anxiety, hypeipnea, flushed fascies, tachjcaidia, lethaigy, 
coma, and cyanosis as manifestations of hypoxia In this 
they aie indeed conect, howevei, most of the featuies of this 
clinical picture also occui m \nal invasion of the lnghei 
centeis, m hypokaliemia, and m distuibed acid-base balance, 
hence the presence of the afoiementioned symptoms and 
physical findings is not specific E\en when hypoxia is 
demonstiated by oximetry, these other conditions may also 
be piesent It may, theiefore, be concluded that tiacheotomy 
is most useful m those cases in winch these “hypoxic symp¬ 
toms” aie due pumanh to hypoxia lesultmg fiom lespnatory 
obstruction m tlie livpophaivnx and in the cephalic portions 
of the tiacheobionchial tiee Tiacheotonn mai be futile 
when these “hypoxic symptoms” are puncipalh the result 
of conditions othei than hvpoxia 

The diffeiential diagnosis of the etiolog\ of “lnpoxic 
symptoms” is most difficult, e\en with the assistance of lab- 
oiatoiw tests, which time mav not alwa\s permit This dif- 
feiential diagnostic problem, liowevei, should not detei one 
fiom peiforming a tiacheotomv if the pioceduie appears to 
be indicated The coexistence of extensive spread of the 
virus m the medulla, alteied electiolvte metabolism, and im¬ 
paired acid-base equilibiium with pnmarv and secondary 
hypoxia accounts foi a laige pioportion of the deatlis occur- 
ung in tiacheotomized (as well as non-tiacheotomized) bulbai 
and bulbospinal poliorm elitis patients 


It is consideied significant that no complications attnbut- 
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able to tiacheotomy weie encounteied m any of the patients 
m this senes, fuitheimoie, evaluation of the lecoids (includ¬ 
ing autopsy lepoits) of patients expmng aftei tiacheotomy 
m no case indicated that tiacheotomy was a factoi contilbut- 
mg to the patient’s demise Stimson 14 states that the moi- 
tality following tiacheotomy m poliomyelitis is high, it is 
conceded that Stimson is collect m this contention The 
reason foi the high death rate m tracheotomized 'poliomyelitis 
patients is that this opeiation is usually peifoimed on patients 
afflicted with the seve-i est foi ms of this disease, and m whom 
the anticipated moitality is vemj high It is believed that the 
moitality scoies foi tiacheotomized poliomyelitis patients 
would, m all senes, be significantly highei if these patients 
had not been affolded the benefits of tiacheotomy 

The task of evaluating theiapeutic pioceduies m polio¬ 
myelitis is most difficult Since this disease exhibits maiked 
annual and geogiapluc vanations m incidence and seventy, 
conti oiled studies aie not feasible As is lllustiated in Fig 1, 
theie is no constant lelationship m oui senes of cases be¬ 
tween the incidence of bulbai poliomyelitis cases, then moi- 
tality, and the numbei of tiacheotomies peifoimed This 
obseivation selves to point out the fallacy of attaching too 
much significance to lepoits of the lesults of tracheotomy m 
poliomyelitis which include but one yeai, 01 even a few yeais, 
of expei lence 


SUMMARY 

A companson of nine yeais of experience at Childi ens 
Hospital with 345 cases of bulbai poliomyelitis, with similai 
expei lence lepoited by foui othei gioups demonstiated that 

1 Childien’s Hospital occupied a median position in legald 
to the peicentage of such cases m which tiacheotomy was 
peifoimed 

2 The moitality expei lence at Clnldien’s Hospital in both 
tiacheotomized and m non-tiacheotomized bulbai poliomyelitis 
cases is the lowest of that of all gioups specifying these 
statistics 
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No definite conclusions aie diawn fiom the case data in¬ 
cluded m this report All that may be said is that the ex¬ 
perience of the staff of Childien’s Hospital did not differ 
significantly fiom the expenenee leported by otheis woiking 
with this disease 


CONCLUSIONS 

1 The indications foi tiacheotomv m bulbai and in bulbo¬ 
spinal poliomyelitis are ill-defined Theiapy based upon the 
standaid indications may often be mappiopnate Each case 
must receive consideiation as an individual pioblem 

2 Tracheotomy is most beneficial when done earlv, i e 
befoie the occunence of pulmonary complications and hvpoxic 
central neiwous svstem damage, both of which the opeiation 
is intended to prevent 

S Geneial anesthesia, m our experience, is a safe and 
satisfactory technique for use m bulbai poliomyelitis It 
permits lemoval of the lespnator patient fiom the lespirator, 
and thus avoids surgical complications due to inadequate 
exposure 

4 Bionchoscopv is a valuable adiunct in the management 
of bulbar and bulbospinal poliomyelitis, and may be employed 
for the pi"vention as well as the treatment of, pulmonan 
complications 

5 The necessity for meticulous evaluation of the bulbai 
poliomyelitis patient by the team of consultants, both initially, 
and at each stage of the disease, cannot be ovei emphasized 

6 The use of endotracheal intubation, both in lieu of emei- 
gencv tiacheotomv and as a means of pioviding a tempoian 
airwav for very ill patients, is recommended 

7 Whenevei m the management of bulbai poliorm elitis 
patients the need for tracheotomy cannot be luled out, the 
operation should be performed 
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ments have given support to the hypothesis that elevated 
tempeiatuies and humidities, and contamination with giam- 
negative bacilli, plav an important lole m pioduction of some 
diseases of tlie external auditory canal Much has been 
written legal ding the role of infection m the pathogenesis of 
diseases of the external eai, and aecently this subject was 
thoi oughly 1 e viewed 1 

Duung the Second World Wai numeious cases of external 
otitis occuned among tioops stationed m tiopical and sub- 
tiopical latitudes, and it was thought that elevated tempeia¬ 
tuies and humidities weie factois in the de\elopment of the 
deimatoses = ' s 

Home 910 showed a relationship between the incidence of 
such diseases as mihana and the minimum drv bulb tempeia- 
tuie and humiditv m India Sentuna 11 and Bianca 19 cone- 
lated high tempeiatuies and humidities with the incidence 
of external otitis m certain legions of the United States 
On the basis of clinical laboiatoij obseivations, the foimei 
postulated that piolonged exposuie to these envnonments pei- 
mitted the absoiption of moistuie bv the stiatum corneum, 
intei luption of normal keiatmization, plugging of the apo- 
pilosebaceous units and, therefoie, mterfeience with the de- 
liveiy of the antimiciobial substances to the surface of the 
skm of the ear canal 13 

Theie aie also othei indications that the absoiption of 
moistuie by the stratum coineum m a hot, humid envnonment 
may be lelated m some mannei to the high incidence of ex¬ 
ternal otitis Mali 11 noted that the permeability of the skin 
lose vitli an elevation of envnonmental lelative humiditv 
Buettnei 15 was of the opinion that watei and watei vapoi pass 
into nonsv eating skm in pioportion to the suiioundmg an 
\apoi piessuie Mole lc and Blank 1 " 13 demonstiated that the 
stiatum coineum will take up moistuie fiom a high humidity 
envnonment Blank 1 ' cleailv showed that cormfied epithe¬ 
lium absoibs incieasing amounts of moistuie as the lelative 
humiditv uses 

Gaul and Undem ood 10 suggested that a reduced amount of 
moisture m the ail will influence the phabihtv, softness and 



STUDIES OP FACTORS CONSIDERED RESPONSIBLE 
FOR DISEASES OF THE EXTERNAL EAR 

I Survival of Exogenous Bacteria in the External 
Auditory Canal Under Varied Conditions 
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INTRODUCTION 

The factois suspected of conti lbutmg to diseases of the 
external auditoiy canal aie numeious Some mvestigatois 
believe that piolonged exposuie to high tempeiatuies and 
high lelative humidities is of pume importance m the pro¬ 
duction of external otitis On the othei hand, it has been 
pioposed that low lelative humidities and low tempeiatuies, 
leading to desiccation of the skin, constitute a means by which 
the natuial defense mechanism of the skin is oveicome Oth¬ 
ei s aie of the opinion that removal of suiface lipids and/oi 
tiauma bieak the natuial bamei against infection and may, 
at the same time, piovide the means by which exogenous 
miciooigamsms aie implanted on the surface of the skin 

In this study, attention has been dnected towaids some of 
these factois, viz, tempeiatuie, humidity, tiauma and the 
removal of the surface lipids, as they influence the suivival 
of exogenous oigamsms m the external auditoiy canal of the 
cat 
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Repoits of external otitis occuinng m hot, humid envnon- 
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oigamsms 01 fungi onto the untiaumatized skm but demon- 
stiated extensive moiphologic changes following contamina¬ 
tion and the application of vanous nritatmg acids Salvm 30 
mtioduced a suspension of Pseudomonas aeruginosa aftei ex- 
conatmg the eais of 1 abb its, and pioduced vesicles and 
papules Fluid fiom the vesicles was lemoved, and “m all 
cases, puie cultuies of the isolate ongmally inoculated into 
the eais weie obtained ” Haley* 1 showed that tiauma to the 
skm of the eai canal was a necessaiv factoi m the expen- 
mental pioduction of mycotic infections m the labbit Moie 
recently, Sentuna and Liebmann, 33 using cats, demonstrated 
that contamination 01 tiauma alone did not pioduce external 
otitis, but aftei tiauma and contamination with pseudomonas 
oigamsms, moiphologic and pathologic changes veie con¬ 
sistently pioduced 

Peny and Nichols 33 “hbeiallj seeded” Pseudomonas acm- 
gmosa into the untiaumatized external auditory canals of 
human volunteeis One week latei the oiganism could not 
be lecoveied, and no clinical evidence of external otitis could 
be found Sentuna 1 descnbed eight healthy eais v ith noimal 
bacterial floia m which acute diffuse external otitis developed 
seven to 17 days aftei nngation foi lemoval of eai vax 
Positive cultuies foi Pseudomonas aeruginosa weie obtained 
m all cases 

The absence of lipids on the surface of the skm is believed 
to be a factoi in the occunence of diseases of the external 
eai 1 The bactencidal and fungistatic action of the skm lipids 
may be an important factor in the inhibition of nnciobic 
giowth as suggested bv Ricketts et al , M Burtenshav. 33 and 
Peck et al 30 

It has been postulated that high envnonmental tempeiatuie 
and relative humidity deciease the viscositx of the sebum 
layei, causing the lipids to spiead tlnnlv ovei a much greater 
suiface area and pie\entmg the foimation of an adequate 
piotective coating 3 '- 30 Gessert et al 40 weie unable to demon- 
stiate any deciease in the lipid covering of the cat and labbit 
eai canals aftei the animals had been exposed to high tem- 
peratuies and humidities (see Part II) 
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smoothness of the skin Blank 20 pioposed that a loss m the 
flexibility and fissunng of the stiatum coineum oceui when 
theie is a i eduction m the moistuie content of the skm undei 
conditions of low lelative humidity 

Swimming undei watei and diving can bung about the 
pioduction of skm maceiation and secondaiy infection of the 
external eai canal Failuie to lemove all the watei piesent 
m the meatus aftei swimming was consideied the cause of 
external otitis by Goidon 21 Punt 22 noted that most of the 
cases of eai diseases occuiled not only duiing hot, humid 
weathei but also aftei patients had been swimming 

On the othei hand, numeious patients deny any histoiy of 
swimming pnoi to symptoms of external eai inflammations 1 
In a series of expenments, Collins 23 pioduced maceration and 
desquamation but no secondary infection aftei filling the 
osseous poition of the eai canal with chloi mated swimming 
pool watei oi sea watei Collins concluded that this factoi 
alone was not enough to cause external otitis Sen tuna, 
howevei, lepoited the development of acute external otitis 
following liligation of the eai canal with hypertonic saline 
foi the loutme lemoval of eai wax m 13 noimal eais 1 

A factor often implicated m the pioduction of external 
otitis is tiauma pioduced by the insertion of foieign objects 
into the eai canal *•"* 25 In a study by Syverton et al , 20 it was 
recoided that 50 pei cent of the patients habitually picked 
at the eai canal Infection associated with the tiaumatic le- 
moval of foieign objects fiom the meatus has been descnbed 
fiequently 1|27 

In obseivmg the effects of tiauma and mcieased humidity 
on the skm of the meatus, Shelley and Peny 28 obstiucted the 
external eais of adult males by inserting eai plugs and/or 
applying small stups of adhesive tape to the canal wa 1 
One-half of the subjects showed no changes, while the othei 
half showed a “soggy maceiation” of the skm of the canal, 
which the investigates believed lesembled “hot weather ear 

Sentuna, expeiimentmg with mice and labbits at the 
School of Aviation Medicine, 29 was unable to pioduce gioss 
lesions of the eai canal by the mtioduction of pseudomonas 
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genous and exogenous skin bactena, Pillsbuiy and Rebel!" 
found that vanous bactena applied to noimal and pathologic 
skm weie maikedly decieased aftei desiccation Combleet 
and Montgomeiy, 50 using Staphylococcus aniens on vanous 
parts of the body, found that moist aieas weie pool in self- 
stenlization, and that this powei was lestoied when the skm 
aiea was exposed to the an and allowed to diy 

Colebiook 51 shoved that appioximately 29 pei cent of hemo¬ 
lytic Sti eptococci placed on the skm lemamed viable foi one 
houi and 4 pei cent foi two hours aftei drying E coh, 
Pioteus and Klebsiella appealed to be sensitne to skm-stenh- 
zation Burtenshav 5 - perfoimed similai obseiwations to Cole- 
biook’s 51 using sti eptococci on vanous skm aieas, and sug¬ 
gested that slow self-disinfection occuned aftei the desiccation 
phenomenon was o\er Colebiook and Maxted 53 pointed out 
that Sti eptococcus pyogenes, not normally piesent on the skm 
of the hands, v ould spontaneously disappeax when artificiallv 
implanted on it They stated that the Coh, Pioteus and 
Fnedlandei bacilli would also disappeai m the same mannei 

Pnce 51 noted that implanted B subtihs could not be found 
on the hands and aims aftei thiee horns, while exogenous 
staphvlococcus, B coh and Pseudomonas aei ugmosa peisisted 
on the hands foi manv weeks despite sciubbing and applica¬ 
tion of geimicides He was of the opinion that certain exo¬ 
genous miciooigamsms seemed to be able to adapt to the 
new envuonment Piolonged exposuie of the skm to these 
contaminants could lesult m then becoming endogenous oi- 
gamsms, and once this tiansition had occuned the skin could 
not easily be disinfected 

Rebell et alleported a senes of expenments in -which 
E coh staphvlococcus and sti eptococcus (Gioup G) -were 
the test oiganisms m determining the self-stenlizmg abilit\ 
of the skm Staph} lococci -weie found to be moie lesistant 
to autogenous stenhzation than E coh Wien the skm lipids 
were removed pnor to contamination, it was noted that theie 
was a maiked deciease m the abilitv of the skm to sterilize 
itself It was furthei shown that in test subjects exposed to 
high temperatuies and humidities foi a penod of eight houis 
after inoculation of the skm with E coh the contaminant v as 
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It is genexally accepted that contamination with Giam- 
negative bacilli plays an important lole m the pioduction 
of diseases of the external eai Schiemann and Landau 41 
showed that a bacterial suspension, especially Giam-negative 
bacilli, placed on the normal skm of the hand were lapidly 
destioyed, and they believed that this destruction was due to 
some mechanical 01 chemical action Arnold et al 42 stated 
that E coli and S typhosa would lemam viable on dirty 01 
fatty skm foi short penods Smgei and Arnold 43 showed that 
the skm, aftei being washed with soap and waim water, 
was able to desti oy fiom 90 to 95 pei cent of the B pi odigi- 
osus,* B pyocyaneus, S typhosus, S paratyphi, S ententuhs, 
E colt, S aui eus and S alhus within 10 minutes aftei being 
applied to the skin When these same mieiooigamsms weie 
applied to dirty oi fatty skm they disappeaied moie slowly 

Montgomeiy 44 studied the desti uction of B piodigiosus on 
fmgeis which weie submeiged m vanous dilutions of bac- 
tena and an-dned for 15 minutes It was noted that the 
highei the dilution, the gieater the percentage of bactena 
destioyed In the undiluted suspension only 25 pei cent of 
the bactena weie destioyed, while 90 pei cent were eliminated 
m the 1 200 dilution In similai experiments peifoimed by 
Karns and Arnold, 45 using a 1 50 salme dilution of B pio¬ 
digiosus, 91 pei cent of the bactena were found to be killed 
m 60 minutes These authois believe that despite consideiable 
vanations m lesults, the skm showed a 100 pel cent disinfect¬ 
ing powei foi these bactena 

Noiton and Nov y 4C and Biyan and Mallmann 47 disagieed 
with the findings of Arnold and his associates, 41 and attnbuted 
the i eduction of bactenal counts to desiccation lathei than 
any specific antxbactenal action Arnold and Bart 4S piesented 
data to show that theie was no d eciease in the late of dis- 
appeaiance of oigamsms kept on moist skm, and no mci eased 
stenlizmg ability of the skin aftei sciubbmg with soap and 
watei and cleansing with alcohol and ethei They leiteiated 
then belief that factois othei than desiccation played an im¬ 
portant lole m the disappeaiance of the oigamsms 

In a study of the factois influencing the growth of endo- 


♦Serratla marcesens 
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bactena Pseudomonas aeiuginosa, hemolvtic Miciococcus 
emeus and Beta-type Stieptococcus 

Biochemical leactions foi conclusive identification of the 
Giam-negatne bacilli veie performed according to the pio- 
ceduies suggested bv Edvaids and Ewing 50 Coagulase and 
mannite fermentabon tests weie made on all stiains of nucio- 
cocci used as contaminants Onh those micrococci which 
ga\e a stionglv posibie leaction with these tests weie utilized 

In those expenments in which dilutions were piepaied, 
the oigamsm was giown in bioth, then senal dilutions weie 
made to the lequned suspensions Aftei meubabons foi one 
houi at 37° C , 0 5 nil of bioth suspension was instilled into 
the eai canals A light cotton packing was mseited into the 
onfice of the canal to preient peiiaunculai contamination 
Plate counts, performed simultaneously on the diluted suspen¬ 
sions, gave an indication of the number of oiganisms piesent * 

Remo\ al of the surface lipid film from the skin of the 
cartilaginous eai canal was accomplished bv using two etliei- 
satuiated cotton swabs Tiauma was pioduced bj gentlj 
sbokmg the skin of the eai canal with a unged metal ear 
cuiette until ervthema de^\eloped Tiauma sufficient to cause 
bleeding was a\ oided 

Moi phological changes in the skm lining the external ear 
canals consisted of ranous degiees of ervthema (R), exudate 
(X), ciustmg (C), edema (E) and divness (D) The degiee 
of change was noted as fiom 4-plus (indicating seieie m- 
■\ol\ement) to plus-nnnus when onlv slight changes weie 
found 

When anesthesia was consideied desnable, pentobaibitol 
sodium (appiox 12 mg pel pound of bodv weight) was in¬ 
jected mtiathoiacicallv m cats The majontv of animals 
weie completeh lecoiered within foui to fi\e hours 

Tlie tempeiatuie m the hot room was conti oiled automati- 
callvr and the humiditv sustained within the planned range 

•10 * = 1040 colonic** ml 

10 = colonles/ml 

tTwo Chromolon electric heaters thermostatlcalh controlled bv Morcold 
Switch 
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lecoveied fiom a majonty of subjects one to two weeks latei 
These obseivations concuned with an earlier expenment of 
this same study, in which it was demonstiated that E coh, and 
staphylococcus, kept moist by spiaying, showed a piolonga- 
tion m suivival time In a latei leport, Pillsbuiy and Rebell 40 
found A aeu>genes, Ps aemginosa. Pi vulgaris, and E coh 
to be somewhat moie lesistant to fatty acids of sebum than 
M epulermidis, albus, Candidas, flavus and coagulase-positive 
miciococci The Corynebactena (veiose and tenuis) weie also 
slightly sensitive to some fatty acids 

METHODS AND TECHNIQUES 

The skm lining the external auditory canal of the cat has 
been shown to have skm appendages similai to those of the 
human (viz, apocime and sebaceous glands) and, theiefoie, 
this animal was chosen foi use m this study Only animals 
which had been tluough a quarantine penod and showed no 
signs of eithei systemic oi local disease wele selected The 
animals weie housed m sepaiate cages and fed a balanced 
diet 

Cultuies foi bactena and fungi of the external auditoiy 
canal weie loutmely taken on all animals befoie and aftei 
pioceduies weie peifoimed The swabs weie inoculated onto 
MacConkey, Sabouiaud’s and blood agai plates * In the 
latei senes of expei iments, swabs of the external eai canals 
weie placed immediately into Tiyptose broth, incubated for 
one houi at 37° C , and then 0 1 ml of the bioth was inocu¬ 
lated to solid cultuie media The matenal was spiead ovei 
the suiface, with an “L” shaped wire needle in oidei to obtain 
isolated colony giowth The numbei of bacterial colonies was 
lecoided as follows 0 = #, 1-25 = ±, 26-50 = + , 51-75 
== 2+ , 76-100 = 3+, >100 = 4+ 

The micioigamsms used to contaminate the external audi¬ 
tory canals of the expeiimental animals weie obtained fiom 
patients suffeimg fiom acute diffuse external otitis, chronic 
otitis media oi mastoiditis These included the following 

•Citrated whole human blood and defibrlnated rabbit blood -wero used 
In the preparation of blood agar plates 
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m veiy small numbeis The Pseudomonas gioup was not 
found in the normal human or cat meatus 

Expenm-ent B 

This expei iment was designed to deteimme the effect of 
high tempeiatuies and high relative humidities on the bac¬ 
terial floia and moiphology of the skm of the normal ex¬ 
ternal auditory canal of the cat 

Two gioups of cats weie selected one gioup of eight cats 
(16 eais) weie placed foi a penod of foui days in a 100 m m 
which the aveiage temperature w as 86° F and the aveiage 
lelative humidity 95 pei cent Anothei gioup, consisting 
of 20 animals (28 eais)* weie exposed to the appioximate 


TABLE II —EXPERIMENT B 


Effect of High Temperatures and Humidities upon the Bacterial Flora 
and Morphologr of the Cat External Auditor\ Canal 
Ar T * = S6° F Av RHt = 95% 


No of 

No of 

Period of 

Bacterial 


Cats 

Ears 

Obser\ atlon 

Flora 

Morpholopx 

s 

16 

4 Dars 

Unchanged 

Unchanged! 

20 

2S 

4 17 Da\s 

Unchanged 

Unchanged 


*T = Temperature 

tR H. = Relatite Humldltj 

jSome ears raa\ show an Increase In the amount of cerumen 


tempeiatuies and humidities of the fust gioup foi a period 
langmg fiom foui to 17 days 

In neithei gioup was theie any noteworthi change m the 
bactenal floia, oi m the moiphologic chaiactenstics of the 
skin lining of the eai canal (see Table II) 

Experiment C 

Because of the conflicting infoimation m the liteiatuie, 
this stud's was perfoimed to determine how long a suspension 
of Pseudomonas acnigmosa mtioduced into the external eai 
canal of the cat, would peisist and what moiphologic skin 
changes would occui undei conditions of high tempeiatuies 

♦In tlii** group are Included the untreated control our 4 * of other i\p rl 
rnents performed at the«*e same tf'mpernturt* and liumldlti* « 
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with humidifieis * The coo] 100 m tempeiatuie was main¬ 
tained by use of a window au-conditioneif and the humidity 
loweied with a standaid commeicial type dehumidifiei j: 

EXPERIMENTAL PROCEDURES AND FINDINGS 
E%penment A 

Since no data could be found m the hteiatuie concerning 
the miciobiologic floia of the noima] external auditoiy canal 


TABLE I—EXPERIMENT A 


Bacteiiologic Flora of tlae Normal Cat and Human External 
Auditort Canals 


Microorganism 

Cat 

(96 ears) 

Human 11 
(66 ears) 

Pseudomonas gi oup __ 

__ _ 0 0%* 

0 0%* 

Proteus group 

10% 

0 0% 

Coli Aerogenes gi oup _ 

— - - - 5 0% 

6 1% 

Micrococcus albus 

_ 79 2% 

10 6% 

Micrococcus albus liemolj tie . 

__ _ 65 6% 

80 3% 

Micrococcus auieus 

6 2% 

10 6% 

Miciococcus aureus, bemolj tic 

_ __ _ - 7 3% 

0 0% 

Corynebacteria 

_ 1 0% 

85 5% 

Bacillus sp _ _ _ 

— 5 2% 

15 5% 

Streptococcus a /3, and y types 

_ 0 0% 

4 4% 

•Percentage of ears In t\ hlch 

microorganism u as found 



of the cat, a limited study of the bactenal and mycologic 
floia was perfoimed Tins piovided some basis foi com- 
panson with the bactenal floia of the human eai and a contiol 
on the changes occurring aftei contamination with exogenous 
bactena Cultuies of the external auditoiy canals of 48 cats 
(96 eais) were taken aftei the animals had been maintained 
at ambient tempeiatuies and humidities m the animal quai- 
teis 

It is noteworthy that the bactenal floia of the cat is stnk- 
mgly similai to that of the human external auditoiy canal 
(see Table I) The Giam-positive miciooigamsms aie the 
most common endogenous bactena on the skm of the normal 
external auditory canal Giam-negative bacilli aie cultuied 


•lValton Humidifier Model W-F 
tPhllco Air-Conditioner ^ ton unit 
JFrigldalre Electric Deluimidlfier 
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and high lelative humidities (Av T 81° F , Av R H 92 pei 
cent) 

Five-tenths ml of an undiluted 24-houi bioth suspension of 
Pseudomonas was instilled into the external eai canal The 
animals weie examined and cultuies of the eai canals taken 
at two or four-day mteivals theieaftei (with one exception) 
foi 16 days 

It may be seen m Table III that m all ears the Pseudomonas 
was still cultuied on the tenth or twelfth day aftei contamina¬ 
tion In foui of the 11 eais the bacteiia could be lecoveied 
on the fifteenth oi sixteenth day 

While not consistent m degree, theie were some moiphologic 
changes lecoided at varying intervals m all ears Maiked 
changes occuned m the skm lining the eai canals m foui of 
the 11 eais Six of the eais had a dry appealance, erythema 
was noted in six, ci listing was piesent intermittently m eight, 
exudate m thiee and seveie edema m one At the conclusion 
of the expel iment, six of the 11 eais weie noimal in appeal- 
ance 

Experiment D 

It has been demonstrated that an undiluted inoculum of 
Pseudomonas would suivive foi a penod of weeks m the 
noimal, untieated eai of the cat kept m a hot, moist environ¬ 
ment It was considered desnable to deteimine whether 
diluted suspension of the oiganism would peisist undei similai 
conditions 

Five-tenths ml of a 10-° broth dilution of a 24-houi suspen¬ 
sion of Ps aemginosa was instilled into one ear of each of 
thiee cats, and 0 5 ml of a 10' 7 dilution of the same oiganism 
was used to contaminate one eai of anothei group of five 
cats The contia-lateial eais seived as contiols The animals 
weie housed m quarters m which the aveiage tempeiatuie 
was 86° F, and the average lelative humidity was close to 
100 pei cent Cultuies were obtained at mteivals foi 17 days 

It was noted m the fust gioup (10-° dilution) that theie 
was a giadual diminution m the numbei of colonies grown, 
although the oiganisms peisisted m all eais thiough the 
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One eax of each of tin ee cats was contaminated with 0 5 
ml of a 24-houi bioth suspension of hemolvtic M ameus and 
two animals with Beta-type Sti eptococci The conti a-lateial 
eais of thiee of the animals weie contaminated with 0 5 ml 
of a 10- 6 dilution of Pseudomonas aeiuginosa, and the lemam- 
mg eais served as untieated contiols foi the expenment The 


Groph | 

Experiment D 

Comparison of Percent of Cat Ears Remaining Positive 
After Contamination with Ps oerugmosa under Conditions 
of High Temperatures and Humidities 



animals weie placed m an enuronment of high tempeiatuies 
and liigh lelative humidities (Av T SS° F , Av K H 96 pel 
cent), and cultuies weie taken at intervals 

In all three animals contaminated with A/ ameus tlieie was 
a heavy giowtli on the fust and second dav Theie followed 
a rapid decrease m the numbei of oigamsms bv the fourth 
day with all eais being fiee of the Miciococcus on the sL\th 
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12th day and weie present m two of the thiee contaminated 
eai s on the 17th day * 

In all the contaminated eais of the second gioup (10- 7 
dilution), cultuies lemamed positive on the 8th day while 
the oigamsm was lecoveied on the 12th day in only thiee of 
the five eais The Pseudomonas peisisted m only one of the 
five eais on the 17th day All contiol eais lemamed fiee of 
contamination (see Table IV) 


TABLE IV —EXPERIMENT D 

Survival of Pseudomonas aeruginosa (Diluted) in the External Auditor} 
Canal of the Cat Under Conditions of High Temperatures and Humidities 


Av T = 85 5° F Av RH — 99 5% 


Dilution 

Cat 


Days Following Contamination 


0 

4 

s 

12 

17 


46A 

Ps 

4 + 

2 + 

34~ 

+ 

KM 

49 

Ps 

4 + 

4 + 

2+ 

* 


60 

Ps 

4+ 

4 + 

2 + 

4- 


25A 

Ps 

4- 

4" 

34~ 

+ 


26A 

Ps 

4+ 

4 + 

* 

* 

10-7 

27A 

Ps 

4 + 

4+ 

* 



28A 

Ps 

4+ 

4 + 

3 + 



29A 

Ps 

± 

4 + 

4 + 



•No growth of Ps aeruginosa. 


When these two sets of data are compared and contrasted 
with the findings after the use of undiluted cultures, it is seen 
that the percentage of contaminated eais remain the same 
thiough the 8th day The eais which leceived the moie 
dilute suspension of bactena appear to letum to noimal a 
little moie lapidly than do those m which undiluted Pseudo¬ 
monas was instilled (see Giaph 1) 

Experiment E 

The puipose of this expenment was to deteimine the length 
of suivival of undiluted cultuies of Mic? ococcus aureus and 
Beta-type Sti eptococci in the healthy meatuses of the cat 
undei conditions of high tempeiatuies and humidities an 
contiast this with the known suivival time of the Pseudomonas 
oigamsm 

0 ne animal cross-contnminntion occurred In tlie control car 
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giowth of the Pseudomonas was obtained on the first and 
second day m the eais m which it had been instilled (see 
Table VII) 

Experiment H 

In this expeiiment it was considered desnable to determine 
the effects of low tempeiatuies (Av 61° F ) and low relative 


TABLE VII —EXPERIMENT G 

Influence of Lipid Removal Trauma High Temperatures and High 
Relative Humidities on the Survival of Pseudomonas aeruginosa 
(10-6 Dilution) and Betatvpe Streptococcus in the External 
Auditory Canal of the Cat 
Av T =86° F Av RH =98% 


Days Following Contamination 


Cat 

Ear 


0 

1 

2 

25 

R . - 


.. .. _.Ps 

4-f 

4 + 

* 

25 

L . 


.Ktr 

* 

26 

R 


_ _ .. ...Str 

* 

♦ 

26 

L 


.. Ps 

4 + 

4 + 


•Iso growth. 


TABLE VIII —EXPERIMENT H 

Effects of Low Temperatures and Humidities Upon the Bacterial Flora 
and Morphology of the Cat External Auditory Canal 
Av T = 61° F Av R H = 61% 




Period of 

Bacterial 


Cats 

Ears 

Observation 

Flora 

Morphologt 

2 

3 

7 15 Days 

Unchanged 

Unchanged 

6 

6 

15 Days 

* 

Unchanged 


• = No cultures obtained 

humidities (Av 51 pei cent) on the morphology and bactenal 
floia of the cat meatus Two cats (thiee eais) weie observed 
foi a peiiod of seven to 15 davs, vhile six cats (six ears) in 
a second group* v ere observed foi 15 days 

As noted m Table VIII, no morphologic changes veie ob¬ 
served m either gioup, and the bacterial floia lemamed 
unchanged in the first group No cultures weie obtained in 
the second group of animals 

•In these groups are Included the untreated control ears of oth. r 
experiments performed at these same temperatures and humldltlc" 
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growth, of the Pseudomonas was obtained on the first and 
second dav in the ears m which it had been instilled (se^ 
Table VII) 

Experiment H 

In this experiment it was considered desirable to determine 
the effects of low temperatures (Av 61' F ) and low relative 


TABLE VII —EXPEFIMEXT G 

Influence of Lipid Removal. Trauma Htgn Tempe-atures and High 
Relative Humidities on. the Survival of Pseudomonas aeruginosa 
C10-8 Dilution) and Eetatvpe Streptococcus in the External 
Auditori Canal of the Cat 
Av T = $5 F Av SF = S^, 


Pay? Following Contaminatl-w 


Cat 

Ear 

0 

1 

*T 

25 

R 

Pc 

•i — 

4 — 

25 

L 

-Str 

* 

* 

26 

R 

Str 

* 

■* 

2b 

L .. 

Ps 

4- 

4- 


*Ao grrowtt. 


TABLE TUI —EXPERIMENT H 


Effects of Low Temperatures and Humidities Upon th° Bacterial Flo—* 
and Morphology of the Cat External Audito-v Canal 
Av T = 61° F Av KJEL = 51^ 


Cats 

Ears 

Fericd of 
Observation 

Bacterial 

FI n ra 

31 ~>srv 

2 

3 

7-15 Days 

Unchanged 

Unchan gpd 

6 

6 

15 Davs 

* 

Unchanged 


* — No vulture? obtained. 


hiumdities (At 51 per cent) on the morphology and bacterial 
flora of the cat meatus Two cats (three ears) were observed 
for a period of seven to 15 davs while slx cats (six ears) m 
a second group* were observed for 15 davs 

As noted in Table VIII no morphologic changes were ob¬ 
served in either group and the bacterial flora remained 
unchanged m the first group No cultures were obtained m 
the second group of animals 

•In these grroups are Ircluded the entreat**<2 pa-« t 

experiments performed at these same temperatures and fcumlvFtie** 
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giowth of the Pseudomonas tt as obtained on the first and 
second dav m the eais m which it had been instilled (see 
Table VII) 

Expei imeiit H 

In this expei iment it was considered desnable to determine 
the effects of low tempeiatuies (Av 61° F ) and low lelatne 


TABLE VII —EXPERIMENT G 

Influence of Lipid Removal Trauma High Temperatures and High 
Relative Humidities on the Survival of Pseudomonas aeruginosa 
( 10-6 Dilution) and Beta tvpe Streptococcus in the External 
Auditorv Canal of the Cat. 

Av T = 86' F Av R H = 9S% 


Cat 

Ear 

Days Following Contamination 

0 12 

25 

25 

26 

26 

T? 

_ —.Ps 

4 

4+ 

L 

Str 

* 

* 

■R 

. Str 

* 

* 

L 

...Ps 

4 — 

4 + 

'to growth. 


TABLE VIII —EXPERIMENT H 

Effects of Low Temperatures and Humidities Upon the Bacterial Flora 
and tlorpbologv of the Cat External Auditorv Canal 
Av T = 61° F Av RJI = 51% 


Cats 

Ears 

Period of 
Observation 

Bacterial 

Flora 

Morphology 

2 

3 

7 15 Davs 

Unchanged 

Unchanged 

6 

6 

15 Davs 

* 

Unchanged 


• = \o cultures obtained 


humidities (At 51 pei cent) on the moiphologv and bactenal 
flora of the cat meatus Two cats (three ears) were obserted 
foi a penod of seven to 15 davs, while six cats (six ears) m 
a second gioup* were obserted foi 15 dats 

As noted in Table VTII, no morphologic changes weie ob¬ 
served m eithei group, and the bactenal floia remained 
unchanged m the first gioup No cultuies were obtained in 
the second group of animals 

•In these groups are included the untreated control ears of other 
experiments performed nt these same temperatures and humidities 
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Ex-penment J 

Undiluted suspensions of Pseudomonas aeruginosa have 
been shown to peisist and morphologic changes have occuned 
m the external auditoiy canal of the cat foi long penods undei 
conditions of high tempeiatuies and humidities This expen- 
ment was designed to detei mine whethei Ps aeruginosa would 
similaily persist and moiphologic changes occui m the cat 
meatus in a coolei and duel envnonment 

The external auditoiy canals of five cats (five eais) weie 
contaminated with 0 5 ml of an undiluted 24-houi broth 
suspension of Ps aeniginosa The animals weie then placed 
m an envnonment of loweied tempeiatuies and humidities 
(Av T 56° F , Av It H 50 pel cent) Cultures of all eais 
weie taken at vanous intervals foi 17 days 

In all of the contaminated eais, the oiganisms weie le- 
coveied m laige numbeis thiough the eighth day, but a lapid 
leduction occuned theieaftei, so that only two eais showed 
any gioivth on the seventeenth day Minimal skin changes 
weie obseived on the eighth day with one exception, and most 
of the changes had subsided by the fourteenth day (see Table 
IX) 

Evpeiiment K 

It has been shown that moiphologic changes aie less aftei 
Pseudomonas contamination m a loweied environmental tem¬ 
per atuie and humidity, but that there is little effect upon the 
persisting exogenous bacteiral floia To obseive the changes 
which occui to the skm of the cat meatus aftei lipid removal, 
tiauma and the instillation of Pseudomonas aemginosa undei 
cool, diy conditions the following experiment was conducted 

Thiee cats (six eais) weie contaminated with 0 5 ml of an 
undiluted 24-houi bioth suspension of Ps aeruginosa aftei 
tiauma and lemoval of the suiface lipids The animals weie 
placed m a cool, diy envnonment (Av T 58° F , Av R H 5 
pel cent) foi a period of 15 days Cultuies of the secietions 
of the eai canal and examinations of the skm lining the cana s 
weie made at two, thiee oi foui-day intervals 

In all of the eais, the skm of the eai canal showed vaiymg 
degiees of diyness, ciusting, erythema and exudate on ie 
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Erythema. C = Crusting X = Exudate D = Dry N = Normal * = No growth 
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second day Moiphologic changes weie strikingly deci eased 
m foui of the eais on the fourth day, weie less m all eais on 
the seventh day and minimal findings veie piesent on sub¬ 
sequent examinations On the other hand. Pseudomonas col¬ 
onies weie cultuied fiom all eais tlnough the fourth day and 
fiom se\en of the eight eais thiough the balance of the ex¬ 
pel iment (see Table X) 


DISCUSSION 

The inadequacy of the techniques foi obtaining piecise senal 
estimates of the numbei and vanety of the bactena implanted 
into the animal external auditory canal is recognized Pre¬ 
liminary studies weie perfoimed m an effort to find moie 
satisfactory methods, but the pecuhai and highly vanable an¬ 
atomical configuiation of the meatus made these moie ac- 
cuiate proceduies climcally and expeiimentally impiactical 
In an effort to 1 educe possible enois m mterpietation, ex¬ 
pel iments were set up m duplicate and, although not always 
included m the data, controls weie introduced m all the 
studies 

It was found necessaiy to perform a survey of the bactenal 
floia m the normal external auditory canal of the cat m older 
to deteimine whether the oiganisms winch aie cultuied fiom 
acutely infected human eai canals veie piesent m the endo¬ 
genous floia of these animals Upon comparison of the flora 
of the human and animal eai canals, theie is noted a sinking 
similarity Conspicuously absent is the pseudomonas group 
of bactena in the floia of both humans and animals This 
observation is of particulai intei est since Pseud-omonas aem- 
ginosa has been shown to be the exogenous oigamsm most 
frequently cultuied fiom acute diffuse external otitis 

Because numeious investigators have demonstrated that 
normal intact human skin m othei parts of the body rapidly 
eliminates implanted exogenous bactena m a matter of min¬ 
utes 01 houis, it was surmised that this same phenomenon 
would occur m the meatus of the expenmental animal On 
the conti arv, Ps aeniginosa, introduced into the external 
auditory canal of the cat exposed to a hot, humid envnonment 
persisted foi as long as 18 days This finding substantiates 
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om previous obseivations 12 The lesults of these expeiiments 
duplicate the expel lenee of the otologists in tiopical and sub- 
tiopical legions, who lepoit the peisistence foi indefinite 
penods of pseudomonas oigamsms m the meatus of patients 
with “cuied” diffuse external otitis They aie not m agiee- 
ment with the observations of Shelley and Peny, 28 who weie 
unable to lecovei Ps aeruginosa which had been mtioduced 
one week pieviously into the eai canals of human subjects 

It was anticipated that Ps oemginosa m dilute suspensions 
would suivive foi shoitei penods when mtioduced into the 
healthy cat meatus The diluted suspensions of Ps aemgmosa 
appealed to mciease to a maximum just as lapidly as the 
undiluted cultuies foi the fust six to eight days, while the 
undiluted cultuies seem to i educe m numbeis moie lapidly 
theieaftei Diluting the cultuies did not appeal to exert 
an appieciable influence upon the lapidity with which the 
bactena weie completely eliminated The lesults appeal to 
confnm the theory that bactenal infection of the eai canal 
is not necessanly caused by ovei whelming contamination, but 
lathei that only a few vnulent oigamsms implanted on a 
feitile skm substiate will lapidly multiply in the eai canal 
and institute infection m a susceptible individual 


In addition to the peisistence of the contaminating bactena, 
gioss moiphologic changes (ciustmg, erythema, edema and 
exudate) occuired after the mtioduction of Ps aeruginosa 
The changes weie not piesent m all the infected animals and 
they vaned m seventy, thus simulating the clinical findings 
m human external otitis These obseivations conflict with 
pievious studies 303 * 32 in which we, as well as othei investi- 
gatois, weie unable to pioduce disease of the external eai oi 
only minimal micioscopic changes m the skm by the mere 
instillation of fungi oi bactena This diffeience may be a 
consequence of unconti oiled factois, such as the vnulence of 
the contaminating oiganism and individual susceptibility of 
the expenmental animal 


Although no expeiiments weie designed to test the vnulence 
of pseudomonas cultuies, it was noted that fiequent su> 
cultunng of the stock stiams lesulted m attenuated oigamsms 
which failed to survive or pioduce moiphologic changes in 
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the cat eai, consequently, it was found necessaiy to discaid 
some stiains of Ps aenigmosa aftei a penod of gaoivth on 
artificial media 

Individual diffeiences m susceptibility of the experimental 
anmials veie also demonstiated thioughout tlie expel mients 
Some animals appealed to be highly sensitive to the infecting 
bactena, with consequent piolonged survival of the oiganisms 
and seveie moiphologic changes Othei anmials used m these 
studies weie appaiently lesistant legaldless of emuionmental 
conditions 01 combinations of factois Furthei studies aie 
desnable concerning vnulence and susceptibility of both 
animals and humans to Ps aenigmosa 

Oui observations failed to substantiate the In pothesis that 
exposuie of oui expenmental animals to hot, moist atmos- 
phenc conditions would make the skin of the eai moie sus¬ 
ceptible to infection vith exogenous oiganisms 11 Gioss moi¬ 
phologic changes 01 alteiations m the endogenous bacterial 
floia of the uncontaminated external auditorv canal did not 
occui duimg exposuie of cats to maikedly eleiated 01 model - 
ately loweied tempeiatuies and humidities, hoveiei, vlien 
cats with infected eais weie tiansfened fiom a hot, humid 
envuonment to a cool, low-hunndity 100 m, no startling 1 educ¬ 
tion m the nunibei of bactena was noted, although some 
impiovement of the skin moiphologv occui led =0 

High tempeiatuies and high lelative humidities veie not 
tound to be the sole factois lesponsible foi the piolonged sui- 
m al of implanted exogenous bactei 1 a 01 the concomitant skin 
changes, since the oiganisms veie shown to peisist m some 
animals foi long penods at lov tempeiatuies and humidities 
Some of the data, howevei, would indicate that at high tem¬ 
peiatuies and humidities the giowth of the Ps aei ugmosa was 
moie luxunant than when the animals veie kept in a cool, 
div envuonment 

Vanous leports ha\e shown that tlieie is a distinct diffei- 
ence in the ability of healthv, intact skin to eliminate bactena 
belonging to the Giam-positive and Giam-negative categories 
In oui senes of expenments, as m othei skm aieas, it was 
noted tliat streptococci failed to peisist eien foi \en shoit 
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penods The suspension of coagulase-positive M auieus was 
not eliminated as lapidly as the stieptococci, but much moie 
lapidly and completely than any of the Gi am-negative bacilli 
tested A waim, moist atmospheie did not appear to be con¬ 
ducive to the survival of the Giam-positive bacteria, noi did 
lemoval of the fatty coveimg 01 tiauma contribute to pei- 
sistence of the oiganism 

In this study it was not possible to test a sufficiently large 
numbei of animals, 01 to conti ol the many vanables m such 
a mannei that statistical evaluation of the data could be pei- 
foimed Should furthei investigations of the influence of 
tempeiature, humidity, tiauma and lipid lemoval on the sur¬ 
vival of exogenous oigamsms be undertaken, then the numbei 
of animals used should be mci eased 01 the numbei of vanables 
reduced to make statistical studies possible 

CONCLUSIONS 

The endogenous bactenal flora of the healthy cat meatus 
is veiy similai to that of the noimal human external auditory 
canal 

Elevated 01 Ioweied tempeiatuies and humidities do not 
altei the endogenous floia 01 pioduce any change m the 
moiphology of the skin of the cat eai canal 

Exogenous Giam-negative bactena, particulaily the Ps 
aei'itgmosa, will suivive foi piolonged penods m the external 
auditory canal of the cat at low 01 high tempeiatuies and 
humidities The Giam-positive oigamsms, ? e , Beta-hemolytic 
Sti epto coccus and M aweus, aie eliminated aftei a lelatively 
short penod 

Suspensions of Ps aeruginosa introduced into susceptible 
cat eai canals will pioduce moiphologic skin changes at high 
tempeiatuies and humidities 

Some of the data suggest that, m a cool, low-humidity 
envnonment, theie may be less luxunant bacterial giowth, a 
shortei suivival time and fewei moiphologic changes aftei 
instillation of Giam-negative bacilli 

Tiauma to the skin of the cat external auditory canal and 
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lemoval of the suiface lipids did not appeal to altei the sui- 
vival time of the exogenous oiganisms 

The concentiation of oiganisms instilled into the cat eai 
(within the lange tested) is not an important factor m the 
length of survival of this oiganism or the seventy of the 
morphologic changes pioduced 
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STUDIES OF FACTORS CONSIDERED RESPONSIBLE 
FOR DISEASES OF THE EXTERNAL 
AUDITORY CANAL * 

II Evaluation of Temperature and Humidity as They Influence 
the Amount of Ether-Soluble Substances m the 
External Auditory Canal 

Elizabeth S Baumann, B A , 

Carl F Gessert, Ph D, 
and 

Ben H Senturia, M D , 

St Louis, Mo 

INTRODUCTION 

It is geneially accepted that the highest incidence of diffuse 
external otitis occuis m hot, humid climates, while theie me 
comparatively few cases observed m cool, diy environments 
It has been suggested that an alteration of the lipid skm 
covei, caused by conditions of high tempeiature and high 
humidity, may play a lole m the production of this disease 1 

Studies have been made of the effects of temperature and 
moisture on the lipid covering of the skm of various othei 
parts of the body, 2 ' 1 ’ but theie is a paucity of data pel taming 
to these effects on the lipids of the skm of the ear canal 10 
Although determinations weie previously made m this labora¬ 
tory on the amounts of ethei-soluble substances (ESS)t which 
aie found m the external auditory canals of various groups of 
humans, 11 none of the data weze obtained undei controlled 
environmental conditions The present experiments, there¬ 
fore, were designed to measuie ESS m the external auditory 

’From the Washington Unlversltj School of Medicine Department of 
Otolarpngologv St Louis Mo 

tEther-soluble substances CESS) are the lipids extracted ■with ether 
from cerumen specimens 

tThls research "a as performed under Contract AT •Jl(G57)-72 between 
the USAF School of Aviation Medicine Randolph Field Texas and a«n 
ington Unlversltj School of Modlclno St Louis Mo . 

Editors Note This manuscript received in Tho Lar> ngoscope Office an 
accepted for publication Julj 11 195S 
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canals of animals, which could be maintained m envnonments 
of controlled tempeiatuie and humidity In this way, an 
evaluation could be made of the effects of tempeiatuie and 
humidity on the lipid film of the skm of the cartilaginous 
meatus 


LITERATURE REVIEW 

Some woikeis aie convinced that the lipid film on the 
surface of the skin acts as an important bamei m pi eventing 
the extension of bactena into 01 thiough the epidermis The 
lipid covei has been shown to have bactei lcidal and fungistatic 
pioperties 1S_1 ‘ Accoidmg to Rebell et al Giam-negative 
bacilli survived foi much longei penods on skm fiom which 
the lipids weie lemoved by thoiough washing with oigamc 
solvents than on skm on which the lipid co\ ei had been left 
intact Arnold and his co-woikeis 13 found that a coating of 
giease 01 dirt on the skm of hands allowed such bacilli to 
lemain viable foi long penods of time The findings of these 
two mvestigatois aie not necessanly contiadictory since m 
one case the skin lipids aie lemoved, and m the othei case 
they aie coveied up so that they do not come m contact with 
the bactena 

The influence of envn onmental tempeiatuies and skm 
moistuie on the amount and distnbution of lipids on the skm 
surface has been consideied bv many mvestigatois 3 - 9 The 
theory has been advanced that at high tempeiatuies and on 
moist skm the sebum may become fluid 0 - 9 and in this mannei 
fail to pi ovide a piotective covei 3 

Mole ls and Blank 19 30 have demonstiated that the stiatum 
comeum wnll take up moistuie fiom an envnonment having a 
high lelative humiditv Blank showed that minified epithe¬ 
lium absoibed mcieasing amounts of moistuie, particulaih 
at lelative humidities aboie SO pel cent It is conceivable, 
theiefoie, that when exposed to high humidities, the keiatm 
in and aiound the oiifice of the apo-pilosebaceous unit absoibs 
moistuie, therebv swelling and causing a decieased fioy\ of 
lipids to the skm surface 31 - =3 



2082 


SENTURIA, ET AL DISEASES OF E&T EAR 


METHODS AND TECHNIQUES 

Animals The cat and pig have been shown to have apocune 
and sebaceous glands m the skin of the eai canal similai to 
those of the human 26-28 The cat was chosen as the most 
suitable and available expeiimental animal The difficulty 
of handling the cat, however, made it desii able to use m some 
of these experiments a more tractable animal, such as the 
labbit, which has in the skin of its external eai canal numer¬ 
ous sebaceous but no apocrine glands In two experiments 
cats and rabbits weie used simultaneously, so that data fiom 
these two species could be compared 

Maintenance Experimental animals were housed in in¬ 
dividual metal cages, and all weie offeied a balanced diet 

Experimental Rooms In the hot loom the desired tem¬ 
perature was achieved by use of electric heateis conti oiled 
by theimostat,* which supplemented the centially supplied 
steam heat An automatically conti oiled humidifierf main¬ 
tained humidities within the planned range Conditions of 
low temperature and humidity were achieved m the cool 100 m 
by use of a 100 m air-conditionerf and a dehumidifier § 

Anesthesia It was fiequently necessary to anesthetize the 
cats This was done by mtrathoiacic injection of pentobar¬ 
bital sodium, approximately 12 mg pel pound of body weight 
A few cats were anesthetized by mtiapentoneal injection, 
but the mtrathoracic route was found to be mole satisfactory, 
m that the animals weie subdued with less struggle and ie- 
covery was much fastei, usually oecumng within foui to six 
hours When no anesthetic was used, the cats weie managed 
by wrapping them m a laige squaie of heavy denim cloth, 
and the rabbits were lestiamed in a wooden box designed foi 
that purpose 

Collection and Analysis of Specimens Specimens foi the 
deteimmation of total ESS weie obtained by wiping the 
cartilaginous meatus m a prescubed mannei with two cotton 

•Two Chromolon electric heaters thermostaticallj controlled b> a Mer 
cold Switch 

fWalton Humidifier Model WF 

tGeneral Electric Boom Conditioner ®»-ton 

SFrigldaire portable dehumidl/ier 
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swabs moistened with ethei 11 The swabs weie exti acted 
with ledistilled ethei m a micio-Soxhlet appaiatus and the 
amounts of ESS weie determined by a colonmetric method 
adapted to mieio-scale :e 

Samples foi the deteimmation of the percentages of lipid 
and piotem weie collected and analyzed by methods pieviouslv 
descubed 30 

In all expei iments a casual* specimen was taken fiom each 
eai to be studied Foi those expei iments m which a zeio-dayf 
specimen was obtained, the ordei of the proceduie was 
a Casual specimen taken, b eai canal and auncle cleansed 
with thiee cotton swabs moistened with ethei, c zeio-dav 
specimen taken 

EXPERIMENTAL PROCEDURES AND FINDINGS 
Piehrmnaiy Expei iments on Cats and Rabbits 

Seveial pilot studies weie conducted to examine the eai 
secietions of the animals without conti ol of envnonmental 
tempeiatuie and humidity The normal (ambient) animal 
loom tempeiatuies and humidities weie allowed to pievail 

Expei iment A 

The percentage of piotem and lipid in the ceiumen of cats 
was investigated Casual specimens were collected fiom both 
eais of two cats and the eais weie cleaned with ethei-moist¬ 
ened swabs Fiesh samples! iveie taken at two and 12 davs 
aftei cleaning 

As shown m Table I, the peicentage of lipid m the fust 
fiesh samples (taken aftei cleaning) was lnghei than in the 
casual ceiumen, while the peicentage of piotem was geneialh 
lowei By the twelfth day the peicentage composition of the 
cerumen of each cat eai tended to l evert to the composition 
of the conesponding casual specimens In these chaiactei- 

•Casual specimens are the samples obtained from the unprotected shin 
surfaces of the ear canal at the beginning- of the period of obser\ation 
without previous cleansing: or treatment of the canal 

tZero-dnv refers to the initial da> of any series of observations Speci¬ 
mens designated ns zero dav samples were collected immedlatelv nfter 
cleansing- the enr canal 

t\ fresh sample Is a specimen collected during the period of observation 
at anv* time after zero-day 
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istics, the findings m cats weie similai to those foi humans, 
as lepoited by Chiang et al 31 

Expcnvieni B 

The amounts of ESS obtained fiom the external auditoiy 
canals of cats and labbits weie compaied Casual and zeio- 
day specimens weie taken fiom one eai each of two cats and 
two labbits At mteivals of foui, eight and 15 days, speci¬ 
mens weie obtained fiom the same eais 

The data m Table 11 indicate that one can expect the same 


TABLE I —EXPERIMENT A 


Peiccntages oC Lipid and Pi olein In Cal Ceiumcn 







Day of 

Collodion 




Casual S])Oclmona 


2 


12 

Cat 

12 ar 

Lipid 

Pi OtOlll 

L 

P 

L 

I’ 

2 

II 

4G 9 

22 9 

G4 8 

14 9 

41 3 

151 

2 

L 

47 6 

30 G 

5G2 

15 8 

4G8 

19 9 

3 

R 

32 1 

32 7 

D3 0 

20 G 

32 4 

24 1 

3 

L 

3G3 

41 8 

44 3 

381 

28 4 

.19 1 


oidei of magnitude m the amounts of ESS obtained fiom the 
eai canals of cats and labbits These amounts aie geneially 
laigei than the amounts obtained fiom humans, as lepoited 
by Chiang et al 11 As pieviously obseived with humans, by 
the fifteenth day lcplaccmcnt totals (RT)* exceeded then 
lespcctivc casual amounts 11 

Despite the histological diffeiences of the skin of the cat 
and labbit meatus, the findings heie legaidmg aveiage daily 
leplacemenls (ADR)f and RT’s aie similai m these two 
species The absence of apocune glands in the skin of the 
labbit did not appeal to influence the amount of ESS ie- 
coveied in these few eai canals 


Evpei iment C 

Because the cleansing pioceduie used on /cio-day might 

»1U placement total CUT) at ntij firhon time la tlio tola! amount of 1 ^ 
that han been t Ktra< u d from all tin fr<nli apuhmuH collect* u »>\ 
time from a alimlo car TIjIh docn not Im huh roro-du\ amount j 

tTlm miintft datl\ leplncemcnt (ADW ia a inuiHun of the rnl< of h’j 
renewal on tin akin auiraco during am lnt<r\al between 
lu tloi R It Ih calculate d bj dlddlm, tl.. amount of 1 SS In a fn a! al- ' 
bV the mimln l of <ln\H In tlio intorwil alnco tlio preceding cnll.dw” 
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introduce an uncontioiled factoi eithei by being tiaumatic to 
the skm of the eai canal 01 bv influencing the delivery of 
lipids to the suiface, this expenment was designed to detei- 
mme whethei 01 not the cleansing had any effect on the 
amounts of ESS subsequently obtained 

In one eai of each of two labbits a casual specimen was 
obtained, the canal was thoioughly cleansed, and a zeio-day 
specimen was taken In the conti a-lateial eais casual speci¬ 
mens weie taken, but no cleansing was performed and no 
zeio-day specimens weie obtained At inteivals of thiee 


TABLE II—EXPERIMENT B 

Ether soluble Substances in Cat and Rabbit Cerumen A Comparison in Terms 
of Average DaiB Replacements and Replacement Totals 
(Expressed in Milligrams) 


Dais After Cleaning 
4_ S _ 15 


Animal 
and Ear 

Casual 

\mount 

Zero-dav 

Amount 

ADR* 

rt; 

ADR 

RT 

ADR 

RT 

Cat 90 L 

15 3 

1 3 

1 4 

5 4 

1 3 

10 5 

10 

ITS 

Cat 91 R 

10 S 

12 

1.3 


pH 

S 9 

09 

151 

Rabbit 59 R 

118 

04 

1 7 

6 S 

23 

15 9 

16 

27 1 

Rabbit 60 L 

10 2 

12 

14 

b 7 


12 1 

2 4 

29 0 


•Average Daili Replacement 

(Replacement Total (does not Include zero daj amount) 


seven and 14 dajs, specimens weie taken fiom all eais (see 
Table III) 

In the labbit, thoiough cleansing of the eai canal did not 
appeal to influence the amounts of ESS vlucli Meie obtained 
fiom the thud dat on The technique foi taking casual speci¬ 
mens evidently constituted a sufficient cleansing of the eai 
canal so that the additional cleansmg had no effect 

Expetiments cm Cats and Rabbits Undo Conti oiled 
Environmental Conditions 

Evpei iment D 

A companson was made of the amount of ESS obtained 
fiom the ear canals of cats and labbits kept undei controlled 
envnonmental conditions 

Casual specimens were taken fiom both ears of two cats 
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And two labbits, the animals weie kept m a cool, diy 100 m 
foi seven days, and then m a hot, humid loom foi seven days 
Specimens of ESS weie taken on days 3, 5, 7 and 10, 12, 14 
By measuung the amounts obtained on days 6, 7, 12, and 14, 1 * 
it was possible to compaie the data foi two 2-day penods, 
undei both enviionmental conditions (see Table IV) 

Undei the expenmental conditions employed, the aveiage 
amounts of ESS obtained fiom the eais of cats and of labbits 
weie somewhat gieatei when the animals weie kept in the 

TABLE HI—EXPERIMENT C 


Amounts of Ether soluble Substances (In Milligrams) Found In Rabbit 
Ear Canals, with or without a Cleansing Pioccdure 






Day of Collection 


Rabbit 

Ear 

Casual 

Zero-day 

3 

7 

14 

G6 

R 

G 0* 

0 5 

G G 

12 3 

11 8 

G5 

L 

54 


G 7 

12 3 

50 

GG 

R 

G 4 


S 9 

G 0 

4 1 

GG 

L 

77 * 

23 

85 

42 

4 i 

•After 
dipped In 

casual 

othor 

spoclmon "as 

taken oar "as cleaned 

with 3 cotton 

s" libs 


hot, humid loom (12th and 14th days) than when they weie 
m the cool, dehumidified loom (6th and 7th days) f 

As m Expci iment B, no diffeience was obseived between 
the aveiage amount of ESS obtained fiom the eais of cats 
and labbits when both gioups weie maintained m the same 
enviionmental conditions 

Expo iment E 

In oidei to cancel any undetei mined effects that oidei of 
exposuie and the factoi of time might have had on the data 
of Expel iment D, it was decided to leveise the envnonments 
with half of the animals 

Casual specimens weie taken fiom one eai each of eight 
labbits Foi a penod of 11 days, half of the animals weie 
kept m a hot, humid loom and the othei half in a cool, low- 

•Spoclmcns from da\s 3 and 10 were not determined an the\ represented 
3-da> Internals . , M „ncilh 

tTlio significance of tlu.se differences was not e\nlimtcd sc 
because of the limited number of animals 
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humidity 100 m Then the animals weie mtei changed foi a 
■similai penod of time Specimens foi total ESS weie taken 
on days 7, 9, 11 and 18, 20, 22 By determining the amounts 
of ESS obtained on days 9 and 11 m one environment, and on 
da}S 20 and 22 in the other ,* data weie obtained for two 2-day 
periods of accumulated secietions in both environments (see 
Table V) 


TABLE IV —EXPERIMENT D 

The Am ounts of Ether soluble Substances (in Milligrams) Obtained from 
the Ear Canals of Cats and Rabbits Kept in Environments of 
Controlled Temperature and Humiditv * 

_Day of Collection_ 


7 12 14 


Animal 

Bar 

Cool 

dry 

room! 

Hot, 

humid 

roomt 

Cat 1 

R 

S 7 



6 S 


6 J. 

Cat 1 

L 

50 


5 7 

56 


74 

Cat 2 

R 

57 


71 

66 


9 1 

Cat 2 

L 

SO 


6 5 

SO 


11 S 

Mean ESS 



6 39 



7 55 


Rabbit 3 

R 

63 


61 

92 


7 1 

Rabbit 3 

L 

4 S 


5.2 

76 


6 b 

Rabbit 4 

R 

44 


44 

64 


53 

Rabbit 4 

L 

6 1 


73 

75 


5 7 

Mean ESS 



5 45 



6 93 



•Dry and vet bulb temperatures were measured dally Relatl\e humidity 
■n-as read from Relative Humidity Tables printed by Taj lor Instrument 
Companies Rochester N T 

■[■Temperature Av 71 F (range 6 Q -74* F) RelatKe Humidity At 70*^ 
(range 64-74 < “c) 

^Temperature Av S5 F (range S4-SS F) Relative Humidity Av 
(range 93-95^) 


A companson was made between the data obtained fiom 
each rabbit eai duimg the time that the animal it as m the 
hot, h um id environment and that obtained from the same eai 
when the labbit was in the cool, low-humidity loom Wien 
the data weie compaied, no significant diffeience was found 
between the amounts of ESS obtained m the two environ¬ 
ments, imdei the experimental conditions emploved 7 The 
lack of a leal diffeience m the amounts obtained nas also 
leflected m the closeness of the means of 2 -dav accumulations 
m the two environments, xe, 6 29 and 6 53 (see Table V) 

•Specimens on days 7 and IS were not considered because thej repre¬ 
sented amounts accumulated for 7-day periods 

tProbabtlity was much greater than 0 1 bj the Wilcoxon sipned-rank 
test for matched samples K 
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Evpei'inient F 

Since it seemed possible that the effect of a particulai en- 
vuonment might not be immediately appaient, it was con- 
sideied desnable to expose the animals to each envuonment 
foi a longer penod of time than had been done m Expenment 
E 

Cats weie used m this study, wheieas labbits had been used 
m Expeiiment E Casual specimens weie taken fiom both 

TABLE V—EXPERIMENT E 

The Amounts of Ether soluble Substances (In Milligrams) Obtained from 
Ear Canals of Babbits Kept In Environments* of Controlled 
Temperature and Humidity f 


Day of Collection 


Ear 




9 

Hot 

11 

humid room! 

20 

Cool, dry 

22 

rooms 

5 R 




56 

51 

4 9 

44 

6 L 


„ 

„ 

6 6 

63 

89 

62 

7 R 




6 7 

70 

69 

69 

8 L 




92 

67 

73 

62 





Cool 

dry room§ 

Hot humid 

room! 


79 59 65 50 

66 56 81 69 

77 59 84 41 

_56 _48_77_ 60 

Overall means of ESS for 2-day periods 

Cool, dry room _ ___ _ _ - 6 29 mg 

Hot, humid room „. _— _ — 6 53 mg 

•Order of environmental exposure Has reversed ulth half of tho animals 
tSee first footnoto of Table IV 

JTemperaturo Av S3” F (range 79-85° F) Relative humidit} A\ 91% 
(ranere S0-9C%) 

STeraperature Av 6G° F (range GO-69' F) RelatLo humidity A^ 56% 
(range 38-70%) 


9 R 

10 L 

11 R 

12 b 


eais of each of six cats, which weie divided into two equal 
gioups, one being placed in a hot, humid loom and the othei 
m a coo], low-humidity loom Flesh specimens weie taken 
at the end of each week foi thiee weeks, then the two gioups 
of cats weie interchanged, and specimens weie taken weekly 
foi anothei thiee weeks The data which weie obtained on 
the amounts of ESS m all fiesh specimens aie shown m 
Table VI 

The data weie examined m two ways In one test, the data 
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fiom onlv one eai of each of the six animals 4 \eie consideied 
and m the othei the data f2om both eais weie added and 
used togethei As m Expeument E the hot, humid 100m 
data foi each animal weie complied with the cool, di\ 100m 
data foi the same animal The o\eiall means of the amounts 
of ESS obtained pel eai m the penod of a week weie 14 5 


TVBIEU —EXPERIMENT F 


The Amounts of Ether soluble Substances (in Milligrams) Obtained from 
the Ear Canals of Cat< Kept m Emmmments* of Controlled 
Temperature and Hnmiditi | 





Pa\ of 

Colli it ion 



Ear 

Hot 

IN 

hun mi 

roorat 

oq 4" 

Cool dr\ room? 

14 R- 

2R t. 

14 _ 

it. i 

14 0 

17 . 

20 (. 

14 L ... 

12 S 

0 

10 4 

11 a 

1. 4 

14 q 

li R - - - 

- —16 4 

14 R 

14 a 

20 1 

12 2 

12 6 

14 L, - _ 

__ S 2 

6 t. 

12 0 

20 Q 

IS 7 

21 7 

IS R»* 

_ (14 SI 

tit. 41 

(14 21 

0 

(40 01 

O 

IS L 

__ It. A 

1R 2 

16 6 

2' 1 

is 1 

21 4 


Cool dr. room! 

Hot 

humid i oomj 

1" R - 

4 S 

a 7 

“ ^ 

q 0 

s q 

14 0 

IRE — 

11 s 

s s 

s 7 

t. q 

S 4 

14 s 

It. R- 

_16 S 

14 2 

1R 4 

10 2 

10 S 

16 1 

It. L _ _ — 

_1R t. 

14 S 

14 7 

ir q 

14 5 

20 4 

17 R_ _ 

_14 

17 b 

as 

4 S 

1R,4 

qp 

17 L.-- 

14 S 

12 4 

11 0 

ii q 

14 0 

19 2 

0\ ernll means of ESS for \\eekl\ 
Cool dr. room — - 

periods 

14 4 mp 


Hot humid room 

- 


— 


IS 1 mp 

-- 


•Order of en\ironnuntal txpoMiri \\a* reiirsui with half of animals 


|Ste first footnote tor Tnbh I'N 

JTtmpirature \\ F tmnpe F) Relative humhlln A\ 

(nnpt 7 7 -10 0 <7- 1 

JTt mpiratun A\ M F irmpt >1 70 F) RelntiM humhiit\ W 
(ranpi >7-“-! ) 

oSpecimen acclcHnt a\U iUMro\id 

• •None of the data pert Uninp to 1S-R Wire tnkm into account btcnu*e 
the data for this eir win incomphti 


mg m the cool di\ 100m and 13 1 mg m the hot, hunnd loom 
In both methods of examining: the data, no significant dif- 
feience Mas found between the amounts of ESS obtained m 
the two emnonments undei the expeiimental conditions 
emplo\ ed * 


•FrobabiHtx wn«* pnattr than 0 1 tlu \\ Ilcoxon ?itrmd*rnnh tt **t 93 
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Experiment F 

Since it seemed possible that the effect of a particulai en- 
viionment might not be immediately appaient, it was con- 
sideied desnable to expose the animals to each envnonment 
foi a longer penod of time than had been done in Expeument 
E 


Cats weie used in this study, wheieas labbits had been used 
m Expeiiment E Casual specimens weie taken fiom both 


TABLE V —EXPERIMENT E 


The Amounts of Ether soluble Substances (In Milligrams) Obtained from 
Ear Canals of Rabbits Kept In Environments* of Controlled 
Temperature and Humidity f 




Day 

of Collection 



9 

11 

20 

22 

Ear 

Hot 

humid room* 

Cool dry room{ 

5 R ~ _ 

_ 55 

51 

49 

44 

6 L - _ 

6 6 

63 

89 

62 

7 R 

_ -6 7 

70 

69 

59 

8 L 

9 2 

6 7 

73 

62 


Cool 

dry room§ 

Hot 

humid room! 

9 R - _ 

79 

5 9 

55 

50 

10 L 

~6 6 

56 

81 

6 9 

11 R 

..7 7 

6 9 

84 

4 1 

12 L _ 

„56 

48 

77 

5b 

Overall means of ESS for 2 day periods 


Cool, dry room 
Hot, humid room 




6 29 mg 

- 

- — - - 

- - 

.6 53 mg 


•Order of environmental exposure was reversed with half of the animals 
tSee first footnote of Table TV 

^Temperature Av S3 F (range 79-86° F) Relative humidity At 91% 
(range 80-96%) 

{Temperature Av 66° F (range 60-69° F) Relathe humldltj A' 66% 
(range 38-70%) 


eais of each of six cats, which were divided into two equal 
gioups, one being placed in a hot, humid loom and the othei 
m a cool, low-humidity 100m Fiesh specimens weie taken 
at the end of each week foi thiee weeks, then the tiro groups 
of cats weie inteichanged, and specimens weie taken weekly 
foi anothei thiee weeks The data which weie obtained on 
the amounts of ESS m all fiesh specimens aie shown m 
Table VI 

The data weie examine d m two ways In one test, the data 
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coating Inch is piesent on the skin surface in the external 
eai canals of the labbit and cat 

It is of inteiest that the aieiage amounts of ESS that weie 
obtained fiom the external eai canals of cats and labbits 
t'hich ueie kept m the same emnonment did not appeal to 
diffei, e\en though theie aie notable histological diffeiences 
in the skin of the eai canals of the two species The piesence 
of apocnne glands m the skin of the cat meatus and then 
absence m the labbit had no measuiable effect on the quan¬ 
tities of ESS found 


CONCLUSION 

The quantity of lipid matenal (measuied as ESS) -which 
is found m the eai canal of the cat 01 labbit is not significantly 
diffei ent v bethel the animal is kept m a hot, humid envnon- 
ment, 01 m a lelativelv cool, low-humidity 100m 
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DISCUSSION 

A completely satisfactory method foi collecting specimens 
which contain all of the ethei-soluble mattei that is present 
m an eai canal at a given time has not yet been devised In 
view of the vanation m size and anatomical configuiation of 
the external auditory canal that pievails fiom one animal 
to anothei, there is, very likely, some variation m the degree 
of completeness with which the total ESS piesent m a meatus 
aie collected with oui ethei-moistened swab technique 

Tests have been made to determine the feasibility of col¬ 
lecting the lipid matter by instilling seveial successive, meas- 
uied portions of oigamc solvent, i e, ethei and ethanol, into 
the eai canal, lecovenng the solvent solution with a syringe 
and a small piece of flexible tubing, then measuimg the lipid 
in these solutions It was found, howevei, that in the cat, 
ethei used in this mannei acted as a stiong mitant, wheieas 
ethanol was unsatisfactory as a solvent Although the swab 
method of collecting specimens of ESS was fai fiom being 
ideal, it seemed to be the more satisfactory foi the purposes 
of these studies 

The amount of lipid (ESS) which was found m the meatus 
m both cats and labbits levealed neithei an mciease nor 
deciease when the animals weie kept m a hot, humid environ¬ 
ment, as compared with a cool, low-humidity environment 
The protected position of the external auditory canal may 
affoid a degiee of insulation sufficient to pi event any laige 
fluctuations m an tempeiatuie m the meatus, and, theiefoie, 
also may pi event any change m the physical characteristics 
of the skin surface film It is also conceivable that even 
though the viscosity of the skm surface lipids may be loiveied 
by an incieased tempeiatuie, the anatomical configuration of 
the cartilaginous meatus would pi event the lipids fiom flow¬ 
ing to the penmeatal legions 

It is still possible that environmental tempeiatuie and 
humidity do have an important lole m deteimining suscepti¬ 
bility of the skm of the auditory canal to infection It ap¬ 
pears, howevei, fiom oui data, that these faetois do not exe 
then influence thiough a regulation of the amount of hpi 
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At home the mother was required to suction the nose everv four hours 
For the nest four months the infant would feed, breathe and sleep well 
for one week at a time As a result the patient was seen regularly at 
the office for thorough suctioning and dilatation of the choanal open 
ings At eight months of age a revision was done by the intranasal 
route using a small biting forcep gouge and chisel The edges of the 
opening were removed bv this means resulting in a good sized passage 
Following this the child has been breathing solelv through the nose and 
suctioning was necessar\ onlv once dailv in the morning Feeding pro¬ 
ceeded normal!' and the infant slept through the night with quiet 
respirations 

When last seen at the age of two vears the child was completely 
normal In all habits feeding sleeping and breathing through the nose 
The breathing was quiet and the choanal openings were unchanged 
Examination of the ears pharvnx sinuses and nasal cavitv showed no 
abnormalities 

A furtliei levision raav be done m the futuie, (the time 
will depend upon the piogiess of the child, wheieby the le- 
mamdei of the choanal bonv plate will be lemoved) A tians- 
palatme appioach as advocated by Owens, etc, will probably 
be used The easiei suigical appioach employed in this case 
was thought advisable because of the age of the infant 

603 Boyd Bldg 


ANNOUNCEMENT 

The Annual Spimg Meeting of the Alumni Association of 
the New Yoik Eye and Eai Infirmary will take place April 
20-23, 1959, at the Infirmary 

Svmposia will be offeied on Headache, Alleigv and Immu¬ 
nology m Otolaiyngologv, Diagnosis and Tieatment of Laryn¬ 
geal Conditions, Hearing Rehabilitation, and Rhinoplasty 
In addition, theie will be a closed cncuit television demon¬ 
stration of Head and Neck Suigery 

Additional information mav be obtained by writing to Dr 
John R Finley, Secretary, Alumni Association, 218 Second 
Avenue, New Yoik 3, N Y 



CONGENITAL BILATERAL COMPLETE BONY 
CHOANAL ATRESIA 


Jack A Rubin, M D, 
Winnipeg, Manitoba 


The following case of choanal atiesia as an emeigency in 
the newborn, is leported 

CASE REPORT 

K.V, a white female, new born, was noted to have respiratory distress 
after a spontaneous delivery Birth w eight 6 lbs, 14 ozs The pre-natal 
course had been uneventful Direct laryngoscopy and chest examination 
revealed no abnormalities An attempt to pass a nasal catheter via both 
sides of the nose was unsuccessful A diagnosis of congenital bilateral 
choanal atresia ivas made 

The infant was placed in an incubator and given oxygen Repeated 
nasal suctioning was necessary to remove the thick mucoid discharge, 
which kept reappearing at the anterior nares It was noted that the 
child’s color was good, and the respiratory difficulty disappeared when 
the patient cried, however, v f hile feeding or lying quietly in its crib, 
definitely labored breathing, blue spells and indrawing of the intercostal 
and supraclavicular spaces would occur The breathing was ‘noisy” and 
labored at all times, except when crying Xrays of the skull did not 
show air in the nasal cavities, and for some reason contrast media was 
not instilled into the nasal cavities 

The infant was treated with oxjgen and repeated nasal suctioning for 
the first 48 hours Feeding w 7 as poor, and the infant began to show 
signs of dehydration and progressive asphjxia 

Otolarj ngological consultation at age two dajs confirmed the diag 
nosis of bilateral complete bonj choanal atresia Neither catheter nor 
metal probe could be passed tliiough the thick bony partition, via the 
anterior naies Considering the state of the infant an emergency pro 
cedure was done as follows After unsuccessfully attempting to push a 
trocar through the partitions a small gouge and mallet was used to 
punch an opening through both bonj choanal walls The results im 
mediately following this were dramatic The child fell asleep with no 
respiratory distress for the first time, and breathing through the nose 
was possible 

Following this, feeding and sleeping were normal, howeiei because 
of noisy nasal breathing, both choanal openings were enlarged slighyj 
intranasallj five dajs later A polyethylene tube was placed in the 
nose through the choanal opening how ever, the tubing had to be 
removed within 24 hours, as it interfered with nasal breathing Because 
of a lery shallow 7 nasopharynx, the inner opening of the tube was 
partially obstructed 

The infant was discharged from the hospital at two weeks of age 

Editor s Note This manuscript received in The Laryngoscope Office end 
accepted for publication June 16 1968 
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controlled the convulsions but the patient immediately stopped breath 
ing He was kept on controlled respirations for approximately one hour 
when spontaneous respirations returned During the prolonged period 
of respiratorv parahsls the patients pulse rate went up a little and on 
occasions became somewhat irregular His general condition however 
remained verv good He was given J cc of Coramine intravenousli after 
30 minutes of apnea and this was repeated about 15 minutes later It 
appeared to have little effect One hour later he was able to answer 
questions but was still quite drowsv When seen later that day he was 
fullv conscious and felt quite well He was discharged from the hospital 
next dav and I hope to do a tonsiliectomi with a general anesthetic soon 

Thfs man was a healths farmer Neither he nor his familv had anv 
previous history of epilepsi He had a local anesthetic for a dental 
extraction two iears ago with no reaction 


SUMMARY 

A case of convulsions aftei infiltrating the pen-tonsillar 
tissues with 25 cc of 1 00 pei cent p locame with two diops 
of epinephnne, 1/1000, is leported Although the convulsions 
weie conti oiled with Pentothal they letumed when its effect 
began to wear off, appioximately one-and-a-half hours latei 
They were again conti oiled by Pentothal, and aftei a period 
of apnea of one houi’s duration the patient made an un¬ 
eventful lecovery 
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PROCAINE CONVULSIONS 


John Keohane, M D, 

Stettler, Alta, Canada 

Toxic leactions to local anesthetic diugs may be of a 
caidio-vasculai system depiessant, 01 a cential neivous system 
stimulating type The lattei may also be followed by the 
foimei more senous type of leaetion 

The entile subject of toxic leactions to local anesthetics, 
whethei used by topical application 01 mfiltiation of tissues, 
has been very well leviewed m two lecent publications 1 >- 
The following lepoit is, howevei, of mteiest since it concerns 
a toxic leaetion to piocame m a dose about one-quartei of 
the generally accepted maximum safe dose Piocame is also 
thought to be one of the safest local anesthetics 

N D , a 26 j ear-old man, was admitted to the hospital on May 13, 1058 
for a tonsillectomy under local anesthesia the following morning At 
10 00 PM the evening before his operation, he Mas given Seconal, 1% 
gr orally Next morning he had Seconal 1% gr two hours preoperativelj, 
followed by % gr morphine and 1/200 gr atropine one hour pre- 
operativelj A few minutes after spraying his throat with a small 
amount of 2 pei cent pontocaine solution, both peri tonsillar regions were 
infiltrated with a total of 26 cc of 100 per cent procaine with two drops 
of epinephrine, 1/1000 solution, added About two minutes after the last 
of the local anesthetic had been Injected the patient became restless and 
excitable He was Immediatelj put into a_horizontal position and direc 
tTons given to the operating 100 m nurse to get a solution of Pentothal 
ready About 30 seconds later his face began to twitch and this was 
soon followed by a severe generalized convulsion 

As soon as the Pentothal was available (approximated one minute after 
it was requested) the patient was given 10 cc of a 2 5 per cent solution 
intravenously (250 mg ) Meanubile_oxjgen was given from an ones 
thetlc machine The convulsions were quicklj controlled Pulse respirn 
tton blood pressure and color were soon within normal limits An 
intravenous drip of 5 per cent glucose in water was started, to have 
ready access to a vein After observing the patient for a little longer 
the oxjgen was discontinued and he was transferred back to bed A 
solution of Pentothal in a sjrlnge and the anesthetic machine was brought 
to the patient’s bedside In case of further trouble 

A little over an hour and a half later I was urgentlj called to see the 
patient. It took me approximately two minutes to get to his bedside 
He w r as having a severe convulsion, which had commenced two minutes 
previouslv (when he began to recover from the effects of the Pentothal) 
and showed no sign of abating A further 8 cc of Pentothal (2 5 per cent; 

Editors Note This manuscript received in The Ear} ngoscope Office and 
accepted for publication June 2 1958 
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concept of alteiation of nasal pH to the alkaline side m nasal 
infection mav be a defense mechanism and, theiefoie, the 
effect of the eaih stage of infection lathei than the cause 

DISCUSSION 7 

Dr Aubrey G Rawlins brought out some of the relationships between 
the corticosteroids and the ground substance whose densitj is regulated 
bv the pituitan adrenal axis The efficient of this axis mav be one 
determining factor In the im asiveness of certain organisms Dr Hopp 
has furnished good evidence that hyaluronidase-producing bacteria are 
often more imasive than non producers and this would be an important 
factor in mani nose and throat infections The authors have shown 
how the spreading factor loosens the basement membrane under the 
epithelium resulting in easier invasion bv organisms 

Not much is Known as to whether or not there is anv spreading factor 
in the normal nose and throat mucosa however it must be assumed 
that its precursor is there since the existence of hi aluronidase and 
mucolvtic enzvmes in the connective cells has to be postulated If equilib¬ 
rium of the ground substance is to be explained 

Dr Hopp mentioned the anti spreading factor of which there are two 
tvpes the antibodi which is specific and the heparin like substance 
which is non specific and is high in the blood stream in many diseases 
of a serious nature 

The authors have well emphasized the dual features of infection 
namely the viruleuce and characteristics of the infecting organism and 
the quaiitv of the ground substance of the host. 

Dr George ICelemen showed several electron microscopic slides of 
tonsil tissue which at high magnification (30 000) depict the elements in 
the collagenous material the fibrillar structures and the relationship of 
the epithelial cells to each other Since these are joined together bi 
intercellular bridges it can be seen how the Ivmphocytes have to push 
their way through b\ breaking down these bridges 

Electron microscopv can contribute much of our knowledge of tissue 
reaction to infection bv bringing out the finer anatomic details of the 
various elements under varving conditions 

Dr Hopp in closing stated in response to Dr Rawlins’ querv that 
in 1931 filtrates were taken from the normal nose as well as from In 
dividuals having a cold and it was demonstrated that there were 
spreading factors in the normal noses and interestinglv enough there 
was an increase in the spreading factor in the patients with colds at 
that time 

Dr Kelemen's slides are most interesting and suggest the possibility 
of applving some of these histochemical staining techniques to the study 
of tonsil material 
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GROUND SUBSTANCE IN THE NOSE IN HEALTH 
AND INFECTION 

Eugene S Hopp, M D , 
and 

Helen F Burn, MS (By Invitation) 

These authois piesent the evidence thus fai accumulated by 
themselves and otheis relating to the peimeability of the 
ground substance m nasal tissues undei vaiymg conditions 
and the factois which peimit certain bactena to penetiate 
and spiead Spieadmg factois, notably hyaluiomdase, seem 
to be moie abundant m staphylococci than in most stiepto- 
cocci, which enhances then invasive potentialities The hva- 
luionidase possesses the ability to depolymenze the hyaluionic 
acid m connective tissue, thus favonng the spiead of infection 
These findings lesulted fiom compaiative multiple stain 
techniques of senally sectioned biopsies of tuibinates fi^ 111 
noimal individuals and fiom patients with infection Tie 
authois conclude that since hyaluiomdase is most active m 
the lange of noimal, slightly acidic nasal pH, the accep e 
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concept of alteiation of nasal pH to the alkaline side in nasal 
infection mav be a defense mechanism and, therefore, the 
effect of the eaily stage of infection lathei than the cause 

DISCUSSION 

Dr Aubrey G Rawlins brought out some of the relationships between 
the corticosteroids and the gTound substance whose densitv Is regulated 
bv the pituitarv adrenal axis The efficiency of this axis mav be one 
determining factor In the invasiveness of certain organisms Dr Hopp 
has furnished good evidence that hyaluronidase-producing bacteria are 
often more invasive than non producers and this would be an important 
factor m man\ nose and throat infections The authors have shown 
how the spreading factor loosens the basement membrane under the 
epithelium, resulting in easier invasion bv organisms 

Not much is known as to whether or not there is anv spreading factor 
in the normal nose and throat mucosa however it must be assumed 
that its precursor is there since the existence of hyalurontdase and 
mucolvtic enzvmes in the connective cells has to be postulated if equilib¬ 
rium of the ground substance is to be explained 

Dr Hopp mentioned the anti spreading factor of which there are two 
tvpes the antibodv which is specific and the heparin like substance 
which is non specific and Is high in the blood stream in many diseases 
of a serious nature 

The authors have well emphasized the dual features of Infection 
namelv the virulence and characteristics of the infecting organism and 
the qualitv of the ground substance of the host 

Dr George Kelemen showed several electron microscopic slides of 
tonsil tissue which at high magnification (30 000) depict the elements in 
the collagenous material the fibrillar structures and the relationship of 
the epithelial cells to each other Since these are Joined together bv 
intercellular bridges it can be seen how the lymphocytes have to push 
their way through bv breaking down these bridges 

Electron microscopy can contribute much of our knowledge of tissue 
reaction to infection bv bringing out the finer anatomic details of the 
various elements under varying conditions 

Dr Hopp In closing stated in response to Dr Rawlins query that 
In 1931 filtrates were taken from the normal nose as well as from in 
dinduals having a cold and it was demonstrated that there were 
spreading factors in the normal noses and interestingly enough there 
was an increase in the spreading factor In the patients with colds at 
that time 

Dr Kelemen's slides are most interesting and suggest the possibility 
of applying some of these htstochemical staining techniques to the study 
of tonsil material 
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VOCAL REST IN LARYNGEAL DISEASE 
Mervin C Myerson, M D 

Vocal lest must be intelligently applied and vanes with 
the pathology m each case It is of gieatest value in acute 
cases wheie inflammation and edema piedommate, and less 
useful m chiomc cases chaiactenzed by fibiosis and me- 
veisible changes, theiefoie, it is of no value m the tieatment 
of vocal nodules 01 m the chiomc stages of contact ulcei 
It is useful m the pieopeiative days befoie lemoval of tumois 
and should not be piolonged postoperatively Delay m pei- 
mittmg the patient to speak in some cases may lead to psycho¬ 
logic tiauma Within a veiy few days aftei suigeiy the 
voice may be used foi modeiate conveisation, avoiding undue 
sti am 


DISCUSSION 

Dr Louis H Clerf agteed in the main with Dr Mverson’s conception 
of the role of vocal rest in laryngeal therapy Contact ulcers will not 
disappear under this plan except when they are of very recent origin 
In both vocal nodules and contact ulcer, speech therapj may be of some 
■value, in addition to surgerj when indicated Pre- and postoperative 
vocal rest, particularly the latter, should not be prolonged Voice use 
after operation should be permitted, since it prevents the piling up of 
exudate and granulations and tends to a better anatomical and functional 
result 

Dr C L Jackaon favored moderate rest of the voice in the conditions 
mentioned bv Dr Mj erson, but cautions the patient not to attempt talking 
against noises such as In traffic or busy offices In the treatment of 
contact ulcer he believes there is a time and place for cautious use of 
the voice but also It is impoitant that the patient have the benefit of 
guidance under a speech therapist Like Dr Clerf, Dr Jackson en 
courages patients who have undergone partial laryngectomy to begin 
using the voice as soon as It can be done without discomfort 

Dr Hans Von Leden said that electronic synchrostrobie examinations 
with high speed photograph) can furnish much -valuable Information 
about the action of the vocal cords under varving conditions On the 
basis of such observations he felt impelled to challenge Dr Myerson s 
statement that certain lesions disappear in 24 hours To the naked etc 
they ma) appear to shrink but *'one must consider the effect of the 
Bernoulli phenomenon on the lesions of the •vocal cords before one draws 
an) clinical conclusions ” 

Di Paul J Moses pointed out that voice rest is often advised in the 
expectation of curing a disorder, but frequentl) fails because of an under 
lving ps)cbological problem which is the chief cause Voice rest will no 
cure a vocal disorder that is due to emotional causes It is therefor 
important in man) cases that a ps)chiatrie evaluation be obtained hero 
any type of therapy is proposed 

Dr M)eison closed the discussion with the following comments Di 
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opsies are usuaih not necessan in contact ulcers since it is known that 
carcinoma rarel' occurs on the medial aspect of the arytenoid cartilage 
As for raising the voice in the presence of noise mentioned bv Dr 
Jackson, this can be aioided bv using ear plugs as advised bv Mr 
Cantor Since the electronic svnchrostroboscope is not available univei 
salh the laryngologist must depend on his clinical observations, and he 
personalh can attest to a number of edematous lesions which have dis 
appeared within 24 hours and with return of perfect function 

Dr Moses remarks are well taken and bring up the point as to what 
constitutes a qualified voice therapist Manv who claim this distinction 
have been found to be woefully deficient Psvchotherapv mav well be the 
answer in manv cases but there are some patients of the exhibitionist 
tvpe such as a night club singer upon whom he had operated to remove 
some vocal nodules who refused to undergo proper voice therapy and 
with the recurrence of the nodules blamed the surgeon 


PANEL DISCUSSION 

REHABILITATION OF THE POST-LARYNGECTOMIZED 

PATIENT 

John J Conley MD , Modeiatoi 

Rehabilitation of the Post-Larvngectomized Patient— 

Chailes M Non is, M D 

Vocal Thei apist Place and Conti ibution to the Rehabilitation 
Piogiam _______Paul J Moses, MD 

Rehabilitation of the Post-Laryngectomized Patient— 

F Johnson Putney, M D 

Psychological Factois Determining the Success 01 Failuie of 
the Rehabilitation Program of Larvngectomized Patients— 

Bernaid Stoll, M D 

Discussion of Some Technical Aspects of Speech Aids foi 
Post-Laryngectonnzed Patients - Haiold L Barney, M D 

A New Suigical Technique foi the Vocal Rehabilitation of the 

Larvngectomized Patient-John J Conley, M D , 

Felix DeAmesti, M D * and 
Max K Pieice, MD* 


•B\ imitation. 
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John J Conley, MD, Modeiatoi, mtioduced the membeis 
of the panel who weie to discuss various aspects of the piob- 
lerus of rehabilitating the laryngectomized patient These 
were to include suigical aspects, electucal equipment foi 
voice production and speech theiapy Some of these aspects 
have to some degree been oveilooked m the past, and although 
some progiess has been achieved, furthei study may piove 
fiuitful m lesolvmg the pioblems which confiont these 
patients 

Dr Chailes M Non is lists the deformities and disabilities 
likely to be encounteied following extensive laiyngeal and ac¬ 
companying pharyngeal and neck lesection These are con¬ 
sidered m two groups first, aie those resulting inevitably 
fiom the suigery itself, such as peimanent tiacheostomy and 
loss of sensation due to section of blanches of the ceivical 
plexus and of function of the tiapezius from section of the 
spinal accessory 

The second gioup comprises deformities which may 01 may 

not be avoided, depending upon the technique These include 

stenosis of the stoma, stenosis of the hypopharynx, and paial- 

ysis of the mandibular, lingual 01 hypoglossal nerve, also the 

effects of sectioning the jugulai vein 

* 

Di Conley commented on the cleai onentation of the 
opeiated aiea, the lelative sizes of the wound, the demands on 
the local tissues and the lesultant deformities This demon¬ 
stration should be valuable m assessing the surgical damage 
mheient m vanous pioceduies 

Di Paul J Moses discussed the emotional status of the 
patient pnoi to a laryngectomy and its influence on the post¬ 
operative rehabilitation Restonng the ability to pioduce 
audible speech fails to compensate foi the inability to trans¬ 
mit the nuances of feeling which no foi m of esophageal speech 
can duplicate It is, therefore, important that the speech 
theiapist be piopeily trained in the field of psychology and 
psychiatry m older to obtain the full background of the 
patient’s personality and to be able to adjust him piopei y 
to the alteied status of voice production Placing him undei 
the guidance of a laiyngectomized patient who has masteie 
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the teclinique of esophageal speech may fail unless the lattei 
is qualified to undei stand and cope with a neurotic 01 psyehi- 
atnc patient It is also important that the srngeon keep m 
close contact with the patient duung the postoperative penod 
while undei tuition of the speech therapist, since it is he who 
is lesponsible foi having taken away the speech, and who must 
display the keenest intei est m seeing that it is restoied 

Di Conley, heaung this papei foi the fast time, found it 
stimulating, provocative and humanistic The symbolism he 
attached to the “Adam’s apple” as an attnbute of vinhsm m 
the male may well explam the diffeung attitudes of the male 
and female when anticipating lemoval of the larynx The 
high artistic and esthetic quality of Dr Moses’ piesentation 
should be fully appi eciated by all who aie intei ested m the 
subject 

Dr F Johnson Putney, leviewmg the postoperative lecoids 
of 440 patients subjected to a laryngectomy at the Jeffeison 
Hospital, found that 38 per cent failed to develop a useful 
voice The peicentage of failuies was lughei m the female 
patients than the male, due to psychologic factors The van- 
ous techniques employed seemed to have but little influence 
on the ability to develop a voice, even when extensive lemoval 
of pharyngeal tissues, including the ci icopharyngeus, was 
necessary, howevei, it was found that disturbance m the 
lange of activity of the tongue and muscles of the flooi of 
the mouth mterfeied with the ability to produce a voice as 
well as with the act of swallowing 

It would appeal, therefoie, from the analysis of this gioup 
of patients, that failuie to develop a voice could not be at¬ 
tributed to extent of the suigeiy oi the amount of tissue 
removed, with the exception of the item just mentioned 

Dr Conley called attention to figuies piesented by Dr 
Putney, wheie only 5 7 per cent of 440 patients elected to 
use an artificial larynx Comparing this with 38 per cent of 
the cases that failed to become 1 ehabilitated vocally, this is 
pietty much m Ime with the figures obtained at the National 
School for Speech Disoiders m New York It is intei esting 
to note that no matter how much neck tissue is lemoved, le- 
habilitation is possible as long as you leconstitute the pharyn- 
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John J Conley, M D , Modeiatoi, mtioduced the membeis 
of the panel who weie to discuss vanous aspects of the piob- 
lems of lehabihtatmg the lai yngectomized patient These 
weie to include suigical aspects, electucal equipment foi 
voice pioduction and speech theiapy Some of these aspects 
have to some degiee been oveilooked in the past, and although 
some piogiess has been achieved, furthei study may piove 
fiuitful m lesolvmg the pioblems which confiont these 
patients 

Di Chailes M Non is lists the defoimities and disabilities 
likely to be encounteied following extensive laiyngeal and ac¬ 
companying pharyngeal and neck resection These aie con¬ 
sidered m two gioups first, aie those resulting inevitably 
fiom the suigery itself, such as peimanent tiacheostomy and 
loss of sensation due to section of blanches of the ceivical 
plexus and of function of the tiapezius fiom section of the 
spinal accessory 

The second gioup compnses defoimities which may or may 
not be avoided, depending upon the technique These include 
stenosis of the stoma, stenosis of the hypophaiynx, and paial- 
ysis of the mandibulai, lingual 01 hypoglossal neive, also the 
effects of sectioning the jugulai vein 

Di Conley commented on the cleai onentation of the 
opeiated area, the lelative sizes of the wound, the demands on 
the local tissues and the lesultant defoimities This demon- 
stiation should be valuable m assessing the suigical damage 
mheient m vanous pioceduies 

Di Paul J Moses discussed the emotional status of the 
patient pnoi to a laryngectomy and its influence on the post- 
opeiative lehabihtation Restoung the ability to pioduce 
audible speech fails to compensate foi the inability to tians- 
mit the nuances of feeling which no foi m of esophageal speech 
can duplicate It is, theiefoie, important that the speech 
tlieiapist be piopeily tiamed m the field of psychology and 
psychiatiy m oidei to obtain the full background of the 
patient’s peisonality and to be able to adjust him piopeily 
to the alteied status of voice pioduction Placing him undei 
the guidance of a laryngectomized patient who has masteie 
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the technique of esophageal speech may fail unless the lattei 
is qualified to understand and cope with a neuiotic or psychi- 
atnc patient It is also important that the surgeon keep m 
close contact with the patient duung the postoperative penod 
while undei tuition of the speech theiapist, since it is he who 
is lesponsible foi having taken away the speech, and who must 
display the keenest intei est m seeing that it is restored 

Di Conley, heaung tins papei foi the fust time, found it 
stimulating, provocative and humanistic The symbolism he 
attached to the “Adam’s apple” as an attiibute of vnihsm m 
the male may well explain the diffeung attitudes of the male 
and female when anticipating lemoval of the larynx The 
high artistic and esthetic quality of Di Moses’ piesentation 
should be fully appi eciated by all vho aie interested m the 
subject 

Dr F Johnson Putney, leviewmg the postoperative lecoids 
of 440 patients subjected to a laryngectomy at the Jefferson 
Hospital, found that 38 per cent failed to develop a useful 
voice The peicentage of failures was higher m the female 
patients than the male, due to psychologic factors The vari¬ 
ous techniques employed seemed to have but little influence 
on the ability to develop a voice, even when extensive lemoval 
of pharyngeal tissues, including the ci icopharyngeus, was 
necessary, howevei, it was found that disturbance in the 
range of activity of the tongue and muscles of the flooi of 
the mouth interfered with the ability to produce a voice as 
well as with the act of swallowing 

It would appear, therefoie, from the analysis of this gioup 
of patients, that failure to develop a voice could not be at¬ 
tributed to extent of the surgery oi the amount of tissue 
removed, with the exception of the item just mentioned 

Dr Conley called attention to figures piesented by Dr 
Putney, wheie only o 7 pei cent of 440 patients elected to 
use an artificial larynx Comparing this with 38 pei cent of 
the cases that failed to become lehabihtated vocally, this is 
pretty much m line with the figuies obtained at the National 
School for Speech Disoiders m New York It is mteiestmg 
to note that no matter how much neck tissue is removed, le- 
habihtation is possible as long as you leconstitute the pharyn- 
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geal tube and pieseive the muscles of the flooi of the mouth 
and tongue 

Di Bemaid Stoll, m attempting to evaluate the patient’s 
attitude towaid lehabilitation, enumeiated the feais that 
beset most patients pnoi and subsequent to opeiation The 
degiee of anxiety vanes with the tempei ament of the patient, 
Ins vocation, position m society and mteipeisonal lelation- 
slup Pieopeiative counselling by the physician will lemove 
many of these feais and the piesence of an intelligent, psycho¬ 
logically astute pel son, who has undeigone a laiyngectomy 
and has acquned a good esophageal speech is veiy helpful 
Instiuction within a gioup of laiyngectomy patients lends 
psychologic suppoit thiough the competitive element 

Necessity and willingness to learn aie most essential, and 
as a lule, it has been found that the exti overt type of in¬ 
dividual adapts himself to the new legimen better than the 
inti overt It is important duung the penods of instiuction 
to avoid the use of the woid “belch” because of its disagiee- 
able connotations 

Psychologic conditioning wheieby the patient acqunes con¬ 
fidence m the leady acceptance by the public of his newly 
acquned speech is most helpful m instilling the necessary 
confidence 

Di Conley stated that Di Stoll’s papei illustiates veiy 
well the necessity foi adaptation on the pait of the patient m 
oidei to mastei the technique successfully One can legald 
the patient as standing on a laddei, you eithei push him up 
into an aiea of gieatei success, if he has the adaptive capacity 
and necessaiy motivating pi maples, plus the suppoit of 
piopei schooling, 01 he will slip backwaid into failuie to 
achieve adequate lehabilitation If the speaking phenomenon 
can be made technically easiei the stiatum is lowered theieby 
putting it within leach of the patient’s adaptive capacity 

Di Conley apologized foi the absence of the film which was 
scheduled to be shown, due to an enoi on the part of the 
Phillips Company, who sent a film of the palate instead of 
the esophagus 
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Mi Haiold L Baines, of the Bell Telephone Laboiatoiies, 
analyzed the pioblem of constructing an artificial larynx that 
will meet ceitam mechanical acoustic and commeicial re- 
qunements Impio\ements have been achieved with the 
introduction of tiansistois and mimatuie battenes, howevei, 
the ideal has not jet been attained msofai as being able to 
pioduce speech patterns which wall moie closely simulate the 
noimal In oidei to obtain the full advantage of tongue, bp 
and palate moiements, as well as the lesonatmg chambeis 
above, it would be necessaiy to mtioduce an ail column as 
low r dowm m the phaivnx as possible If this could be aclnei ed 
tlnough an aitificial opening m the neck, it would be ideal, 
but theie aie ceitam hygienic and cosmetic consideiations, 
wdnch aie objectionable 

The authoi show r ed graphs winch demonstiated the sound 
spectogiams foi certain vowels and consonants with the tube 
at diffeient locations as compaied wnth the noimal 

It is anticipated that the Western Electnc Model 2 device, 
impioved with piopei acoustic and electiomc cncuit design, 
should piovide sufficient duve when applied to the outside 
of the tin oat to pioduce adequate intelligibility which will 
lesult m moie natuial sounding speech 

Di Conley and associates descube a new technical pio- 
ceduie wheieby an can be conducted fiom the tiachea to the 
esophagus foi the pioduction of conti oiled sound It is ac¬ 
complished by the construction of a mucosal-lmed tube denved 
fiom the esophageal mucosa suppoited by one of the neck 
muscles and so dnected as to be closed duung the passage of 
food The opeiation was perfoimed on 11 patients, eight as 
pnmary piocedmes following the laryngectomy, and three as 
secondaiy pioceduies Of the eight primary, thiee weie 
technical failuies (two of stenosis and one tlnough fistula 
foi matron) The stenosis mav luue been due to lemoval of 
the cathetei stent too soon The fistula foimation was m a 
patient who had had madiation pnoi to lai vngectomv 


In the successful cases the patients weie able to speak wrth 
the fust effoit, and the quality of the voice was that of 
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phaiyngeal or esophageal speech but with better an control 
and supply and greatei ease 


DISCUSSION 


Dr Julius McCall called attention to his paper on “Preliminary Voice 
Training for Laryngectomy’’ of 18 years ago, which set in motion the 
development of what was termed "The Lost Chord Club ” It is his con 
tention that tiaining for the esophageal voice should begin before and not 
after surgery, also he disagreed with Drs Moses and Stoll, who deny that 
the expulsion of air is not a burp or a belch He could recall only two 
patients who were able to belch after laryngectomy who failed to develop 
a good esophageal speech He agreed with Dr Putney that the amount of 
tissue removed had little to do with the subsequent development of the 
speech 

Dr Joseph H Ogura had little to add, expressing his agreement with 
everything that had been said 


Dr McNaught echoed the same sentiments 


Dr Louis H Clerf felt that while the opinions expressed were in manv 
respects admirable, he could not agree with everything, since some of 
them were diametrically opposed It is generally agreed that the problem 
is one from which the surgeon cannot divorce himself It is he who must 
take the initiative in getting the patient started since it is he in whom 
the patient has the greatest confidence He agreed with Dr McCall to 
the extent that whether you call it belching or burping you have to get 
air into the lower pharynx Where the dividing line is located is difficult 
to say He does not have the patient deliberately swallow but encourages 
him to relax during inspiration so that air may accumulate in the lower 
passages He himself has been able to relax his cricopharyngeus suf¬ 
ficiently to fill the stomach with air 


Dr Paul H Holinger agreed with Dr Putney that the type of operation 
has little to do with the subsequent development of a speech pattern He 
believed that the most important factors are the motivation by the patient 
and intelligent co operation of therapist and surgeon Often it is a ques 
tion of persisting too long in efforts to produce esophageal speech in some 
cases to the point of frustration when such individuals can more readilv 
be made to accept an artificial larynx With improved models of prothesis 
this medium may become more acceptable As to preoperative training 
he disagreed with Dr McCall because it is so often an individual problem 
In some cases it onlv adds to the burden on the patient, 'who has many 
other things to attend to before undergoing surgery Rehabilitation and 
inspiration to learn can begin before the patient leaves the hospital 
through association with others who have acquired speech and instruction 
by the therapist 


Dr Conley agreed with Dr Holinger that one of the most important 
psychological points is the compulsion of the patient to speak It mav 
be a good idea to give the patient a speaking apparatus at the outset as 
a means of encouraging adaptation 


Dr Walter H Hoover could not entirely agree that the type of operative 
piocedure played no role in subsequent speech development, Certainly 
a flexible pharynx will adapt itself to voice production better than 
which is hampered bj deep neck scars 

Dr Conley closed the discussion by stating that the purpose of th ® 
was not so much for mediflcation as for a stimulus to all larvngologists 
and allied specialists to apply themselves toward the development o 
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techniques which mai irther the advancement of knowledge in this 
most impoitant field 


THE CHANGING YEARS THEIR IMPACT UPON THE 
MANAGEMENT OF PARANASAL SINUS DISEASE 

Frederick T Hill, M D 

Di Hill leuewed the changes that have taken place duiing 
the past 40 jeais m the management of sinus disease, showing 
how inci easing knowledge of the physiology of the nose and 
sinuses and a bettei undei standing of constitutional and en- 
vnonmental factois has led to a saner and safei attitude He 
mentioned the excellent leseaich and conti lbutions of many 
membeis of this association which weie lesponsible foi the 
advances we have witnessed He discussed the impact of 
alleigy, endocimes and othei constitutional factois as they 
weie developed within and without our specialty, whose in¬ 
fluence on the couise and development of sinus conditions 
was studied by oui colleagues, lesultmg m a moie intelligent 
undei standing of the pathogenic piocesses Suigical pio- 
ceduies have as a lesult tended moie and moie to conserva¬ 
tism, as demonstiated m his analysis of the treatment of 
fiontal, ethmoid and anti urn disease Compaung the wide- 
spiead and often indiscnmmate suigery of the sinuses former¬ 
ly piacticed on fallacious indications, with the modem con¬ 
ception of the sinuses as part of a total oigamsm, it is easy 
to see why we aie doing less suigerv and obtaining bettei 
lesults undei a compiehensive legimen which takes into 
account all of the contributing factois 

DISCUSSION 

Dr Samuel Salinger confessed to an emotional reaction to Dr Hill’s 
presentation which was primarily a response to the realization that he 
was older than he had thought and secondarilv to an amazing change 
in perspective 

Recalling for instance a meeting some years ago at which a colleague 
reported having done 300 intranasal frontal operations with a rasp and 
with onlv one fatalitv, he is now shocked to think that at the time he 
was onlv impressed by the great skill of the surgeon without having given 
anv thought to the question of whv these operations were done 
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To comment on the numerous items so ablj assembled by Dr Hill 
would be superfluous, but one or two personal observations aie submitted 
One should always be suspicious of any unilateral clouding of a sinus 
that is more than transitoiy, and should nevei be guilts of ovei looking 
the possibility of a malignancy, which is so difficult to diagnose in the 
earl} stage It is for this leason that he is a firm believer in the value 
of laminagiaphs and Xiays with contrast media in every case that fails 
to yield promptly to conservative treatment 

Anothei conclusion to which he has been forced is that the onlj way 
to insure against lecurrence after frontal sinus surgeiy is to obliterate 
the cavity He was impressed with the woik of Bergara, who uses ab 
dominal fat to fill the sinus and has presented evidence of subsequent 
development of fibro-osteoid tissue completelj filling the space In two 
recent cases Salingei has used Gelfoam instead and in following the 
cases with Xravs for several months, has been able to observe a gradual 
obliteration of all bony landmarks This may 01 may not mean a per 
manent filling, but only time will tell 

Dr Francis L Weille believed that the role of allergy has been over 
emphasized Many people believe that the allergist can cure recurring 
polyposis with anti allergic therapy He recalled a report by Dr Schenck 
and Di Kern on a series of 700 cases a third of which had polypi in 
which only foui were cured by anti allergic therapy He would like an 
expression from Di Hill on this point 

Dr Hill closed the discussion by stating first, that he agreed with Dr 
Weilie as to over-emphasis on the allergic factoi although he had seen a 
numbei of cases in which this cannot be denied Yet he doubts that 
poljpi will disappear under allergic therapj except under the most 
unusual circumstances 

The subject of malignancies as well as complications was not pre 
sented, although both are included in the full paper to be published 
As for Dr Salinger’s opening lemark regarding the passing of time, he 
could say onlj that one thing worse than growing old is not having a 
chance to do so' 


SURGERY TO THE NASAL LOBULE 
Henry L Williams, M D 

Di Williams described in detail the anatomy of the nasal 
structme with special emphasis on the lelationship of the 
septum to the lateial and alai cartilages Vanations m the 
nasal apertuies aie lesponsible foi vaiymg effects on the 
degiee of lesistance to the mspiied au which pioduce symp¬ 
toms of hypei- 01 hypoventilation He pointed out that in 
most patients it is impossible to demonstiate the physiologic 
effects of these vanations, and that Horn a piactical point oi 
view opeiations aie indicated foi the le lief of subjective 
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symptoms He desaibed the stmptoms caused by nostnls 
that aie too nanov defoimities of the lobule, deviations of 
the lowei portion o L the septal cartilage, vanations m the 
size and placement of the lateial caitilages and nasolabial 
angles 

The pioceduies foi collecting these manifold conditions 
involve a combination of techniques which may embiace the 
septum, uppei lateial cartilages and the lobule The septum 
is dealt with thiough a modified lesection with leplacement 
of excised cartilage, and the lateial and lobulai cartilage 
lesected m pait 01 ci oss-hatched as indicated These tech¬ 
niques veie given along with appiopnate lllustiations Good 
functional lesults can be obtained only thiough caieful study 
of the individual case, applying only those lemedial measuies 
which aie stuctlv indicated 


DISCUSSION 

Dr G Edward Tremble described the anatomic differences between 
the nares of the Caucasian as compared with the Negro and Filipino 
which account for differences in the direction of Die air flow within the 
nasal passages These are to be taken into account when surger' is to 
be undertaken which involves changes in the contour of the nares and 
vestibule so that the normal pattern of air flow is not to be altered 
The shape of the nares must conform to the normal Caucasian, when 
operating on a white Individual and the vestibule must retain the normal 
ial\e of Mink so that the air current is properly directed 

Frequentlv after a properlv performed submucous resection nasal 
blockage will be complained of which can easilv be corrected bv a simple 
procedure on the lobule 

Dr Samuel Salinger felt that, since Dr Williams had introduced the 
subject of the septum in his consideration of deformities about the lobule 
he would like to comment on that aspect of the problem He has long 
been an adtocate of a conservative tvpe of operation In which the de- 
formitv is corrected with removal of a minimum of cartilage and bone 
Others have had the same idea and a variet' of procedures have been 
described by Stevenson Dingman Becker and Maliniak In all these 
techniques the Metzenbaum procedure has been more or less modified 
the objective being the straightening of bends curves and cartilage 
The point is that no single technique is applicable to all cases and that 
success depends on the ingenuity and technical skill of the indhidual 
operator 

Dr Irving Goldman called attention to the waning shapes of the nares 
to be found in different races and the question as to how much influence 
the' evert on the respiratorv function Changing the shape of the lobule 
mn\ be applicable in one tvpe and disastrous in another In the com 
bined septum rhinoplastv with surgerv of the lobule he is con'inced 
that the causative factor is most generallv to be found in the septum 
and he agrees with Dr Salinger that consenathe procedures will 'leld 
the best results 
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Dr Juergen Tonndorf disagreed with Dr Tremble in the statement that 
there is a substantial difference between the currents of inspired and 
expired air Experiment of oldei authors did make this claim, but it was 
found that the difference was due to the use of too heavy material It 
"as dispioven 20 jears ago in Dr Proetz’s experiments He also may 
have misunderstood Dr Tremble as saying the current slows down as 
it goes thiough the vestibule On the contrary, when a current of air 
passes through a narrou opening, its velocitj must increase The third 
point refers to the eddy motion of the air which through the nose is 
moie laminary and unstable If jou calculate the Reynolds’ number 
which indicates whether the motion will be laminary or eddying it 
develops that the Reynolds number for the nose is about 1,000 in eddying 
It starts at 1,100 or 1,200 This means that you are just short of eddying, 
and if surgery does anything to speed up the flow of air you will produce 
an eddying current 

Dr Wilson stated that we are led to believe that the Caucasian nose 
is narrower than the Negroid type because of living in colder and drier 
climates Could Dr Williams offer any explanation of the shape of the 
Eskimo’s nose 9 

Dr Williams closed the discussion by first answering Dr Wilson’s 
query to the effect that not being privy to the designs of the Lord, he 
was unable to offer any explanation, nor did he believe the anthropologists 
could 

As to the remarks of Drs Salinger and Goldman, the technique he has 
described here offers great flexibility and permits surgery on the lobule 
at the same time He agrees that there is no set technique 

The question as to whether the various types of noses have to do with 
varieties of obstruction is beyond the point Patients come to the surgeon 
because of obstruction, and in many instances the submucous resection 
Is inadequate, and better results can be obtained by additional surgery 
on the lobule 

What the mechanism of obstruction from lobular deformities is, he 
would leave to mathematicians such as Dr Tonndorf, but the fact remains 
that patients are relieved of their complaint when the deformities are 
pioperly corrected 


CARCINOMA IN SITU OF THE LARYNX A TEN-YEAR 
STUDY OF ITS HISTOPATHOLOGICAL 
CLASSIFICATION, PROGNOSIS 
AND TREATMENT 

Alden H Miller, M D , 
and 

H Russell Fisher, M D 

Dis Millei and Fishei, analyzing a senes of 48 patients 
with caicmoma m situ of the laiynx, obseiwed duiing a en- 
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yeai penod, ceitain data pei taming to classification, local 
chaiactensts, mvasne potential and lesults of tlieiapy Of 
the tlnee histologic types encounteied, basal cell, squamous 
cell and Bowmanoid, the most common was the squamous cell, 
which appealed to be associated with leukoplakia Ten pa¬ 
tients de\ eloped imasne caicmoma, most of them oiigmatang 
fiom the squamous type Tieatment bv stnppmg, laryngo- 
fissuie 01 X-rajs was individualized on the basis of extent 
of the lesion, ongmal diagnosis and development of lecur- 
lence Laivngofissuie was successful foi the small lesions 
Moie extensne lesions, especialh the bilateial, leceived X-iay 
tlieiapy, winch obviated the need foi laryngectomy m 17 of 
23 patients 

Tlieie vas only one death following lai viigectorm with 
subsequent invasion of the lymphatics and a ladical neck 
dissection 


DISCUSSION 

Dr Francis E LeJeune brought out the point that the clinical picture 
of carcinoma m situ was not characteristic and that its differentiation 
from inrash e carcinoma could be determined onlv bv the pathologist. 
The question as to whether the lesion has penetrated the basal membrane 
can be resolved onlv through serial sections and since it is impractical 
to examine all the sections in a given specimen it is possible that some 
invasive cases mav escape detection and thus account for recurrences 

He has found carcinoma m situ ideal for removal by suspension larvn 
goscopy with wide excision followed bv electric coagulation of the base 
Dr LeJeune inquired of Dr Fisher as to whv he found it necessarv to 
use the yyords without invasion in referring to these growths since 
penetration of this barrier changes the picture and one is now dealing 
with an imasiie carcinoma and not a carcinoma in situ He a\ould also 
like Dr Miller to explain y\liv he was impelled to do larvngofissure in 
some of these cases 

As to statistics he has not had an opportunitv to review his own but 
is under the impression that he had seen verv few recurrences 

Dr Eugene S Hopp suggested a possible explanation for imasion which 
might reconcile the points of view of Drs LeJeune and Fisher namelv 
that invasion and eyen metastasis depends on the integritv of the ground 
substance Some excellent work has been done showing that nietastases 
develop where depolvmerization of ground substance has taken place 
It would be interesting and profitable to do histochemic-il stains on these 
carcinomas with the idea of ascertaining whether those which sub¬ 
sequently dey eloped extension or invasion showed this depolvmerization 
in the sections and uhether those which did not develop showed intact 
ground substance 

Dr Julius McCall would view carcinoma in situ as an unpredictable 
lesion As stated bv Dr LeJeune much depends on the area from which 
a biopsy is taken since a distance of a few millimeters mav produce an 
entirelv different picture This was illustrated in pictures shown by Dr 



2112 


AMER LARYNGOL ASSOC 


McCall of a case where one section showed intact basement membrane, 
whereas another showed a break through 

Dr Miller closed the clinical side of the discussion by stating that he 
had attempted to make the distinction between the strictly intraepithelial 
growths and those showing invasion, the latter being excluded from the 
series, if recognized 

Regarding the potentially malignant character of these lesions Dr 
Miller agreed with Dr LeJeune that every case is potentially invasive 
although m many cases the invasive character is not manifested until 
years later Initially a clinical diagnosis cannot be made from the 
appearance of the lesion, many of them being leukoplakia cases on the 
surface 

Dr Fisher explained his terminology “without invasive carcinoma" to 
emphasize that all parts of the tissue had been examined He mar 
perhaps have been too redundant for this audience but has so often been 
asked “was there not invasion in some other part” that as a result it has 
been his habit to add the words “without invasive features” 

The point brought up by Dr Hopp is an important one and it must be 
conceded that the character of the ground substance has much to do with 
the chance of invasion He has made studies in a few cases but not 
systematically Alterations in the ground substance have been observed 
in simple keratosis, chronic laryngitis as well as carcinoma in situ with 
out however revealing any specific change characteristic of carcinoma 
in situ Dr McCall’s case brings to mind the studies on carcinoma in 
situ of the cervix in which a potential to invasion has been more or less 
fixed By comparison the cases involving the larynx occupy a place 
midway between the peak age of cervix lesions and keratosis being 
estimated at about eight years Dr McCall’s slides demonstrate the 
difficulty that arises when only one section Is examined One slide ap¬ 
peared to be simple metaplasia another showed carcinoma in situ at one 
spot, and another showed it with invasion 


BRONCHOSCOPIC FINDINGS IN TUBERCULOUS 
CHILDREN (A FIFTEEN YEAR STUDY) * 

Di Whaley described the Jesuits of their bionchoscopic 
examinations of 144 childien with bionchial tubeiculosis 
Many of these had bronchograms as well, and a total of 273 
examinations was made They give the details of the pio- 
ceduie, which is earned out under general anesthesia m a 
piopeily ventilated room with shock and explosion-pi oo 
appaiatus 

Pnmary bionchial tubeiculosis was found m a limited 
numbei of cases, the lesult of dnect infection of the mucosa, 

~ » Due to the untimeli death or Dr WIshart this paper was presented b' 
Dr Whaler 
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■uluch ie\ealed lednpss and swelling: ovei a limited aiea 
Most commonlv the nppei lobe bionchi and the lingula weie 
affected 

Secondary tubei colons bionchitis was found moie fiequentlv 
and often called foi emeigenc\ tieatment Compiession of 
a bionchus due to pressuie of enlaiged glands was a common 
finding, and fiequenth theie was an accumulation of caseous 
matenal and gianulations, due to luptuie of a caseous gland 
into the lumen These called foi bionchoscopic lemotal 
Othei findings weie bionclueetatic lesions of the “flagellate” 
type 

Following unsuccessful trials with stieptomtcm, paza- 
amino-salicvhe acid (PAS) and isotonic acid In diozide (INH) 
proved moie successful Repeated bronchoseopic aspiiation 
with iemo\al of granulations vas helpful m manv cases In 
a few it was necessary to lesort to lobectomy and occasionally 
to pneumonectomt 

Numeious pictuies showing bionchogiams illuminated the 
piesentation 


DISCUSSION' 

Dr Alemn C ADerson found that the age group belou two rears is the 
worst from the standpoint of prognosis In the group between the age 
of 4 and 11 about It to 20 per cent present the tvpe of lesion seen in 
adults In the infant and 'oung child the glands cause the most trouble 
often to the point of obstructing the bronchi These glands mar develop 
in two directions one erosion into a bronchus the other b' Innphatic 
extension to the bronchial mucosa This mar be either a submucous in 
filtration or an open ulceration Dr AD erson showed slides depicting 
lesions in the parenchrma and showing the manner of extension to the 
bronchi Generallr speaking one mar safelr attempt to remove a granu 
loma but if the lesion is caseous surgical trauma might precipitate a 
miliam spread to other parts of the bod' also he would not recommend 
dilating a bronchial stenosis because of a hematogenous spread 

Dr J P Atkins has found that it is safe to remove endobronchial 
caseation debris without danger of dissemination probablv due to the 
effectiveness of the antibiotics and the improved ventilation is certain!' 
beneficial 

Dr Whaler in closing agreed with Dr Alverson that man' cases do 
not respond to endobronchial therapv and have to submit to surger' As 
for the caseous lesions he agreed that cautious removal of the debris is 
desirable while on the other hand as Dr Alverson pointed out dilatation 
is rishv 
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THE CLINICAL SIGNIFICANCE OF THE ANATOMICAL 
ARRANGEMENT OF THE PARANASAL SINUSES 

Fred W Dixon, M D 


A study of 200 wet specimens by Dr Dixon yielded a num- 
bei of observations which have pi oven of value m suigery 
of these aieas These include the accessibility of the middle 
meatus foi in igation of the antium, the vanations m size 
and disposition of the ethmoid cells, the variations m size 
and lelative positions of the two fiontal sinuses and the ex- 
tieme vai lability of the sphenoid sinuses Di Dixon pointed 
out the value of closely obseivmg the fovea ethmoidahs, which 
is an excellent landmark when peiforming suigery on the 
ethmoids via the mtranasal appioach Pieseivmg as much as 
possible of its mucosa, plus that which coveis the superioi 
and supreme turbmals, and as much as possible of the middle 
turbinate will prove valuable m avoiding complications 

Recuirence of polypi can be expected if the suigery is in¬ 
complete and m alleigic individuals A lesume of 200 mtia- 
nasal ethmoidectomies showed 25 pei cent with lecunences, 
mostly m allergic cases and m individuals who lejected com¬ 
plete lemoval 


DISCUSSION 


Dr Walter P Work stressed the points brought out bv Dr Dixon 
relating to the variations of the frontal sinuses In narro-w frontal 
sinuses it is extremely difficult to preserve a functional frontal duct 
The chances are better m cases where the anterior dimension of the 
sinus is greater Surgical treatment of the frontal sinuses must of 
necessity Include associated surgery of at least a portion of the ethmoid 
labjrinth and here a knowledge of the disposition of the cells is of 
great value 


Dr Work has found that serious complications were most frequently 
encounteied in the allergic cases and inquired of Di Dixon whether this 
had been his experience also 


Dr Barry J Anson, as an anatomist expressed his appreciation in 
having been able to hear two papers dealing with the morphology or the 
sinuses At the onset of the antibiotic era he had been led to believe 
that the mention of sinusitis -would be an anachronistic act Now that 
it appears that sinusitis still exists despite antibiotics he fears curricuiar 
encroachment bv clinical courses on the time formerlj available ior 
preclinical courses In his department he has already lost 30 per c n 
of previously allotted time Since it is apparent that hours n” 1 ® 1 
recaptured for teaching anatomv the pressure and influence must 
from the clinicians Meanwhile postgraduate lectures of the tvpe i 
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sented here are refre*- ng and helpful additions to make up for de¬ 
ficiencies in the undr aduate instruction 

Dr V Likeh Sic cn described his approach to the frontal sinus 
through the floor ycii, complete removal of all mucosa and all septa 
between the frontal mo the ethmoids Visualization of all parts of the 
large sinus is accomphsned yvith the use of small mirrors No irrigation 
is practical and only a small gauze is left under the middle turbinate 
which is removed on the third day No further drainage is emploved 
since there is no nasotronta’ duct left, the fronto-ethmoid cavitv being 
all in one 

Dr Francis V Davison complimented Dr Dixon on his paper and 
called attention to a preuous presentation of his which was ghen at 
the meeting of the American Larmgological Association which he con 
siders a classic He inquired as to when and where this was to be 
published 

Dr Kinsey M Simonton called attention to Dr Dison s reference to 
removal of the middle turbinate which has been invaded bv a cell He 
has found it practicable to remove onh one wall thus leaving the other 
for physiologic functioning 

Dr Dixon closed the disc ission bv first replying to Dr Simonton 
It is his practice to leave as much of the turbinal structure as possible 
on the side facing the septum This has proven helpful in preserving 
the olfactory sense 

The article mentioned bv Dr Davison will appear in the Annals He 
agrees that the operation for removal of polvpi should be done in the 
hospital where a more thorough job can be accomplished and also 
agrees with Dr Simpson that thorough remoyal of all the tissue will 
yield the best results 

Dr Anson s point is well taken We need more teaching of anatomy 
and pathology at the undergraduate ley el 

About sy\ iniming like all rhinologlsts he feels that it should be inter 
dieted for all patients having chronic sinus trouble 

As to indications for the operation it should be required in all cases 
where ventilation and drainage has failed and where irreversible changes 
have taken place 


ORBITAL APEX SYNDROME 
Austin A Smith, M D 

Di Smith desenbed the onbmal apex syndiome as the 
clinical manifestation of a lesion which affects the nenes 
and vessels that pass tlnough the optic foiamen and sphenoid 
fissure The chief symptoms aie seteie tempoiopanetal pain, 
impairment oi loss of tision, ptosis and ophthalmoplegia It 
mav be due to infection, neoplasm 01 tiauma, and can oiigmate 
eithei m the letio-oibital region 01 in the postenoi sinuses 
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Five cases aie cited one being due to a seveie uppei lespira- 
toiy infection, one to a postenoi sinus infection, a thud to 
a caicmoma onginatmg m the ethmosphenoid aiea The 
fouitli was a complicated case which, aftei caieful study and 
ladical suigeiy, pioved to be an extensive involvement of all 
the sinuses m a gangienous destiuctive piocess with neciosis 
appai ently due to endartentis and thiombophlebitis The 
last case was due to tiauma lesultmg fiom a fall fiom a 
laddei 

The clinical histoiy of these cases affoids an intei estmg 
study m diagnosis and theiapy 

DISCUSSION 

Dr Olivei E Van Alyea pointed out some of the anatomic features 
of the oibital apex, explaining the symptomatology 

The complete sjndrome as described by Dr Smith is, fortunately, 
quite rare, but an uncomplete syndrome may be more common Two 
cases aie cited one due to an aneurysm of the internal carotid artery, 
the other, to a retrobulbar cyst This latter patient, a girl of 13, after 
diainage of the cyst still persisted in having severe headaches and a 
mild ptosis Surgery on the affected ethmoid was advised, but was re 
jected by the parents on religious grounds Dr Van Alyea asked Dr 
Smith how he would proceed in such a case 

Dr Smith replied to Dr Van Alyea’s question bj calling attention to 
the necessity of having the coopeiation of the neurologist, ophthalmologist, 
neurosurgeon and X ray man Too often, kowevei, the case goes from in 
ternist to ophthalmologist and neurologist and X ray man without con 
sultatton with the rhinologist, because the possibility of a sinus involve¬ 
ment is overlooked This may be due to the fact that antibiotics have 
often been considered as having eliminated sinus disease This is indeed 
a grievous error In the particular case mentioned by Dr Van Alyea, 
everj effort should be made to at least explore the etlimoids cautiously 


PHYSIOLOGY OF THE LARYNX UNDER 
DAILY STRESS 

Paul G Moore, MD,* 
and 

Hans Von Leden, M D * 

Dis Mooie and Von Leden demonstiated the action of the 
vocal colds m a slow motion film which leveals then lesponses 
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undei dailj stress Numerous subjects weie checked and 
lechecked to msuie me accuiacv of tlieu mterpi etations Two 
new ideas ensued following' a studv of the film which seemed 
to altei pienous concepts of the phvsiologv of the larynx 

1 The old concept that the coids open fastei than they 
close is not true Opening and closing phases aie lelated to 
the mtensitv of the voice 

2 The larynx is capable of biphasic movements, winch to 
date had been considered impossible 

It is hoped that these studies will lead to a bettei under¬ 
standing of the fiequenth observed dispantv between the 
degree of hoaiseness and the objective findings in the larynx, 
and point the wav tow aid a moie rational treatment of eailv 
larynx disoideis 


disci ssiox 

Dr John A. Murtagh expressed liis admiration for the film just shown 
which he appreciated all the more because of some experience with a 
highspeed Fairchild industrial motion analysis camera which he had 
been using in an effort to evaluate the basic phvslologr of the larvnx in 
animals He confessed that his film could not compare with the one just 
shown This tvpe of work should be encouraged because so much can 
be learned which was previous!' unexplained 

Dr Von Leden stated that it is at first difficult to accustom oneself 
to v iewing these pictures but that after seeing them frequently many 
new factors can be seen and understood 


THE MANAGEMENT OF CHRONIC LARYNGEAL 
STENOSIS 

Paul H Holinger, M D , 
and 

Kenneth C Johnston M D * 

Dis Holmgei and Johnston leviewed then experiences in 
163 cases of chronic laryngeal stenosis ovei a period of ten 
years Sixty-one of these weie congenital m origin, 43 weie 
inflammatory and 57 weie tiaumatic Each of these tvpes 
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is descubed and lllustiated by a typical case The authois 
have noted recently a decline m the peicentage of cases due 
to inflammatory piocesses, and an mciease m the numbei of 
post-tiaumatic lesions They point out the importance of 
early attention to fractuies of the larynx m the prevention 
of subsequent stenosis fiom scan mg and maladjusted cartil¬ 
age Tiacheotomies weie performed m 138 of the 163 cases 
and dilatations weie earned out m 123 

They also call attention to the value of voice theiapy m the 
development of propel phonation and respiratory conti ol 

DISCUSSION 

Dr Daniel C Baker, Jr, has found that long-continued bougienage in 
childien is frequently disappointing In adults it is difficult because 
of the pain and discomfort which cannot always be avoided, even with 
local anesthesia or neive block Rubbei core molds as suggested bj 
Jackson are irritating and cause considerable laryngeal reaction Me 
Naught’s keel is excellent for web stenoses especially the acquired type 
This is frequently the result of using the cauteiy, and he is in agreement 
with Dr Holinger, nho advises against it The stent graft as described 
bv Figi, has been most useful when followed by the acrylic mold 

Dr Holingei’s experience Avith traffic injuries is most valuable, and 
his suggestions for tlieir management aie extiemely important 

IndAvelling catheters for feeding in some tracheotomy cases will often 
delaj decannulization because of reaction in the larynx due to the tube 

Foui cases of neciosis of the thyroid caitilage Avith resulting draining 
fistulae over a period of yeais A\eie cuied only after surgical removal 
of the diseased cartilage 

Dr Holinger’s presentation may A\ell serve as a proper guide in the 
management of laiyngeal stenosis of the chronic form 


EVIDENCE OF LARYNGEAL PARTICIPATION IN 
EMOTIONAL EXPRESSION ITS RELATION 
TO HYSTERICAL APHONIA 

A C Furstenberg, M D 


Expeiimental electrical stimulation of vaiious ceiebial aieas 
in the monkey have demonstiated secondaiy motoi aieas 
which may activate laiyngeal movements These have sepa- 
late and distinct pathways to the nucleus ambiguus and can 
cany impulses eliciting laiyngeal movements even m cases o 
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supianucleai laryngeal paralysis The secondary motor areas 
aie m fields which, on stimulation, lesult m homolateial move¬ 
ments of the facial muscles, jaw and tongue Theoieticallv, 
theiefoie, it should be possible to tram the larynx to function 
m patients with supranucleai lesions which have produced 
bilateial laiyngeal paialvsis 

It was also found that some of the additional motoi areas 
aie m fields winch hate to do with emotional responses This 
has been demonstiated in a case of hvstencal aphonia The 
patient, when aioused, mav scieam loudly and even speak 
audibly 

It is also piobable that the additional motoi aieas of the 
larynx, like those of othei tvpes of movements, serve as centeis 
foi automatic associated motements, as lllustiated bv un- 
attaie whistling, humming and talking to oneself 

It is assumed on the phvlogenetie basis that these expen- 
mental findings m monkeys lepiesent a similar pattern in 
the human 


DISCISSION 

Dr Stanton Friedberg recalled some of Dr Furstenberg s previous 
papers on the subject of larvngeal innervation in -which the role of 
supranuclear lesions in the production of larvngeal paralvsis were demon 
strated His present contribution gives strong experimental evidence of 
secondarv motor aieas supplvmg pathwavs to the nuclei which can 
activate larvngeal movements While Penfield and Rasmussen demon 
strated larvngeal movements through stimulation of the human cortex 
at surgerv it remained for Dr Furstenberg to demonstrate and record 
them photographicallv and then studv the postmortem specimens of corti 
cal areas stimulated 

The emotional connotations of hvsterical aphonia as explained bv Dr 
Furstenberg mav not be the onlv factors since Jackson hinted long ago 
that an ephemera! adductor paralvsis mav be due to sudden anemia of 
the anterior cerebral corte\ as in svncope or fainting however this 
has not been proven bv anatomic or phvsiologic studies 

Dr Furstenberg’s suggestion that stimulation or inhibition of hvpo- 
thalmie areas concerned with emoUonal expression mav stem from certain 
definite regions of the brain it could supplv the phvsiologic evidence to 
explain hvsterical aphonia 
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is descubed and illustrated by a typical case The authois 
have noted lecently a decline m the peicentage of cases due 
to mflammatoiy piocesses, and an mciease m the numbei of 
post-tiaumatic lesions They point out the impoitance of 
eaily attention to fiactuies of the laiynx m the pievention 
of subsequent stenosis fiom scan mg and maladjusted cartil¬ 
age Tiacheotomies weie peifoimed m 138 of the 163 cases 
and dilatations weie earned out m 123 

They also call attention to the value of voice theiapy in the 
development of piopei phonation and lespnatory contiol 

DISCUSSION 

Dr Daniel C Baker, Jr, lias found that long continued bougienage in 
cliildien Is frequently disappointing In adults it is difficult because 
of the pain and discomfort which cannot always be avoided, even with 
local anesthesia or nerve block Rubbei coie molds as suggested b> 
Jackson are imitating and cause considerable laryngenl reaction Me 
Naught's keel is excellent foi neb stenoses, especialh the acquired tvpe 
This is frequently the result of using the cauteiy, and he is in agieement 
with Dr Hollnger, who advises against it The stent giaft as described 
b\ Pigi, has been most useful when followed bj the acrylic mold 

Di Holingei’s experience with traffic injuries is most valuable, and 
his suggestions foi their management aie extremelj important 

Indwelling catlieteis foi feeding in some tiacheotonn cases will often 
delaj decannulizution because of reaction in the larjnx due to the tube 

Foui cases of neciosis of the thyioid caitilage with resulting dialning 
fistulae o\ei a penod of jeais weie cuied onlj after surgical removal 
of the diseased cartilage 

Dr Holinger’s piesentatlon may well serve as a piopei guide in the 
management of laivngeal stenosis of the chronic foim 


EVIDENCE OF LARYNGEAL PARTICIPATION IN 
EMOTIONAL EXPRESSION ITS RELATION 
TO HYSTERICAL APHONIA 

A C Furstenberg, M D 

Expei imental electncal stimulation of vauous ceiebial aieas 
m the monkey have demonstiated secondaiy motoi aieas 
which may activate laiyngeal movements These have sepa- 
late and distinct pathways to the nucleus ambiguus and can 
cany impulses eliciting laiyngeal movements even m cases o 
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3(n Jttcmoriam 

Chevalier Jackson, M D , Sc D , LL D, 

LHD, FACS 

1865-1958 

Like a Hick’ry cog, 

In the old mill wheel, 

He did his pai t, 

A s his tui'n came ’i ound 

With these woids as a postscnpt, Chevaliei Jackson closed 
his autobiogiaphy He consideied his life’s woik and le- 
sponsibihties m this vein and with determination, peisistence 
and singleness of pm pose fulfilled his lole in life as he saw 
it, m spite of haidship, adversity, discouiagement and even 
udicule It is giatifymg to know that he lived to see his ac¬ 
complishments appi eciated at then full worth, and to know 
that many of his pioneering piocedures became standaid, 
loutme techniques m both the diagnostic and theiapeutic as¬ 
pects of diseases of the ail and food passages 

Chevaliei Jackson was bom m Pittsburgh, Pa, on Novem- 
bei 4, 1865 His mothei and fathei weie natives of the State 
Fiench ancestiy gave him his name, and a love of the Fiench 
language, the culture and the country itself, throughout his 
life His eaily yeais m Pittsbuigh, m a coal mining and 
faimmg community were lough, but habits of eaily using, 
long houis of woik and a keen inteiest m diawing, pamtmg 
and making things with his hands weie developed at this 
foimative stage At 12 yeais of age he had his fust ex¬ 
pel lence m letiievmg a foieign body—tools used m chilling 
foi oil, lost down a 1500-foot test well The successful solu¬ 
tion of tins mechanical pioblem furthei molded his latei 
caieei, the achievement of a task pieviously consideied 
“impossible” continued to stimulate him throughout his life 
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the speculum made it a piactical mstiument, the basic de¬ 
sign of which has been letamed m most of the piesent dav 
esophagoscopes A vast expenence m intubation and tiache- 
otomy foi diphthena, and expenence in the management of 
post-diphthentic lanngeal stenosis acquned dunng the last 
decade of the Nineteenth Centuiy, served as a backgiound foi 
subsequent woik m bionchoscopy Foieign body exti action 
pioved an absoibmg challenge m the yeai s that followed 
This necessitated the development of new mstiuments, tech¬ 
niques and pioceduies Jackson insisted on perfecting the 
solution of a mechanical pioblem of foieign body exti action 
by tiial, f 11 st on a manikin boaid, then m the cadavei and 
finally m the anesthetized dog Constant leseaich, self- 
tiainmg and discipline peimitted him to achieve perfection, 
utilizing these piogiessive steps Jackson stiessed the pnn- 
ciple of education of the eye and the fmgeis thiough piactical 
expenence gamed bv extiactmg foieign bodies fiom the an 
and food passages of anesthetized dogs Physicians fiom 
every countiy in the woild participated m the couises which 
he conducted m Pittsbuigh, latei in Philadelphia and m Pans 

In 1899 Chevaliei Jackson mained Alice Wlnte of Pitts¬ 
buigh She accepted and undei stood his devotion to the de¬ 
velopment of his special field of medicine She encouiaged 
him and shelteied him fiom what they both consideied un- 
necessaiy social obligations that might take time fiom studv 
01 wilting, she pieceded him m death bv only a few months 

By the turn of the Century, Jackson was leceivmg mci eas¬ 
ing lecognition m the field of laryngology and m the new 
fields of bionchoscopy and esophagoscopy In 1911 he was 
Pi esident of the Amencan Laiyngological, Rhmological and 
Otological Society, and m the following yeai was elected 
Piofessoi of Laryngology at the Univeisity of Pittsbuigh, 
howevei, a change m activity was necessitated at this time 
by an attack of pulmonaiy tubeiculosis Enfoieed lest was 
mandatory, but the time was fai fiom lost Chaiactensticallv 
rest penods became an opportunity to mite, and the flist 
complete text on “Pei oral Endoscopy and Laryngeal Suigerv” 


Eaily schooling was most difficult, not because of school- 
work, but because of the bullying by the larger, rough, mmeis’ 
boys m the countiy school The study of medicine, as was 
customaiy at that time, was begun undei a pieceptoi In 
1884, aftei working foi a year painting glass and china to 
obtain funds, Jackson enteied Jeffeison Medical College 
The medical cumculum consisted of two Wmtei couises of 
lectuies and clinics fiom Octobei through Maich At the 
conclusion of the first Wmtei couise he became a salesman 
of medical books This took him to New England and gave 
him the opportunity to study his texts while waiting m doctois’ 
offices, unfortunately the physicians usually claimed they 
were too busy to lead books and sales weie few Completing 
the coveiage of his temtory in Gloucestei, Mass, Jackson 
shipped on a Gloucestei fishing schooner for the remamdei 
of the summei at $10 00 a month, plus a shaie m the catch 
Taking ovei as ship’s cook impioved his income This and 
his earnings fiom another month’s work m a decoiatmg shop 
painting china, enabled him to return for his second yeai of 
medical school His medical degiee was confened m 1886 
when he was but 21 years of age 

Specialization m a limited field was rare at that time, but 
intei est m the field of laryngology, stimulated by the woik 
of J Solis Cohen and the writings of Sir Morell Mackenzie 
led to a tup to England to visit Mackenzie’s clinic Return¬ 
ing fiom Euiope as a specialist at the age of 22, Jackson 
began his woik m laryngology in Pittsbuigh He demon- 
stiated the value of tonsillectomy and adenoidectomy m chil- 
dien, and tiled to establish a health piogram of thioat in¬ 
spection m the public school system Although this effort 
was unsuccessful, the expenence m dealing with government 
agencies was of value later m piessmg legislation concerning 
the labeling of lye as poison 

His intei est m endoscopy began m 1890 when he developed 
an esophagoscope with which he lemoved a dental plate fiom 
the esophagus of an adult, and a com fiom a child’s esophagus 
Adoption of Emhom’s suggestion of using a light cainei on 


societies thioughout Euiope, Noith, South and Cential Amen- 
ca and all paits of the United States In 1926 lie was Piesi- 
dent of the Aniencan Laivngological Society and lecened 
the DeRoaldes Am aid in Laivngologs He uas a lecipient 
of the Philadelphia Bok Aw aid, vas made a Cheialiei de la 
Legion d' Honneui (Fiance) and Che\ahei de 1’Oidie de 
Leopold (Belgium) m 1927 He uas the lecipient of the 
Henry Bigelow Medal ay aided bv the Boston Suigical Society 
m 1928, the Ciesson Medal of the Fianklm Institute m 1929, 
the I P Stuttmattei Aw aid in 1932, and m 1933 lecened 
the Gold Medal of the Radiological Society of North Amenca 
The highest honoi m Amencan Medicine, the Distinguished 
Seiuce Medal of the Ameiican Medical Association was con- 
fened on him m 1940 The avaid of the Ameiican College 
of Chest Pin sicians, foi mentions Seivices m Diseases of 
the Chest uas given him in 1952 

Jackson was the fust to point out that the field of peioial 
endoscopy had bioadened to justify considenng it as an 
"-olog\” lathei than an “-oscopv”, a "stud\ of” lathei than 
meielv a “looking into” He coined the void “bioncho- 
esophagology ” to indicate tins advance, and it has come into 
common usage Those vho stumbled ovei its pionunciation 
weie gently lennnded of the sinnlai tenn, "gastioenteiologv ” 

One of the achievements accomplished tlnough the dogged 
deteimmation so chaiactenstic of Di Jackson was the passage 
of the Fedeial Caustic Act bv Congiess in 1927 He effected 
this thiough peisonal appeal ances befoie numeious senatois, 
congiessmen and committees He used the manj clnldien 
undei his caie at tliat time as a living demonstiation of the 
need foi tins legislation This law made mandators the 
labeling of caustics as poisons, and lequned the punting of 
the antidote on the label Jackson obtained gieat peisonal 
satisfaction fiom this triumph The pen with which Presi¬ 
dent Coohdge signed this bill was piesented to him bv the 
Piesident 

Holding five chans of Bionchoscopy and Esophagoscopv 
m as many sepaiate medical schools was a unique achieve- 



was prepared and published m 1914 This and an eailiei 
text m 1907 were uchly lllustiated by Jackson, who stiessed 
this foim of teaching - m lectures as well as texts No one 
who ever saw him sketch with both hands while lectuung 
will f 01 get the diawmgs or the points they lllustiated He 
used Ins line and chalk drawings, as well as oil paintings of 
endoscopic pathology in the texts, and they became the basic 
uoilts m this new field of medicine 

Foieign body woik became Chevahei Jackson’s gieatest 
intei est, and his skill m the management of the difficult 
case and his success m safely lemovmg a foieign body aftei 
otheis had failed weie soon lecognized, however, moie than 
anyone else, he demonstrated the value of bionchoscopy and 
esophagoscopy m the diagnosis and tieatment of other dis¬ 
eases of the chest, and the safety with which these pioceduies 
could be done in infants as well as adults Peptic esophagitis, 
the uppei and lowei pinch-cock of the esophagus, bionchial 
adenoma, post-opeiative atelectasis and othei phenomena he 
descubed weie leceived with skepticism, but latei weie ac¬ 
cepted as definite clinical entities In 1916 Jackson was 
offeied the Professoi ship of Laryngology at Jeffeison Medical 
College and moved to Philadelphia to accept this position 
Heie he became recognized as the world’s leading laiyngologist 
and bronchoscopist In 1917 he was mstiumental m founding 
tlie Amencan Bronchoscopic Society and seived as its fust 
piesident He had been a Founder Membei of the American 
College of Suigeons m 1913 In 1919 he was elected to fill 
the new chan of Bionchoscopy and Esophagoscopy cieated 
for him at the Umveisity of Pennsylvania Giaduate School 
of Medicine He later leceived similar appointments at Tem¬ 
ple Umveisity and Women’s Medical College He became 
President of the Women’s Medical College m 1935 

Duung these yeais Jackson leceived innumerable medical 
honois in this countiy and abioad He tiaveled widely to 
give papeis on bionchoscopy and allied subjects and visited 
all parts of the woild to teach the pi maples and techniques 
of peioial endoscopy He was an honoiary membei of medical 


Di Jackson expenenced gieat peisonal satisfaction m the 
establishment and subsequent development of the Chevaliei 
Jackson Bronchoscopic Clinic of Temple University Hospital 
and Medical School Heie, his son, Chevaliei L Jackson, 
joined him m the clinical woik and teaching piogiam in 
bi onchoesophagologA and laiyngeal suigery The quiet, 
fuendly guidance, the teaching of technical skill and medical 
judgment, and finally the tiansfei of authority fiom one 
geneiation to the next, was one of the ways in which the 
charactei and v isdom of this gi eat man u ere most beautifully 
levealed Undei the son’s guidance, the fathei’s woik con¬ 
tinues 

In all medical achievements the beginning can never be 
defined, noi the end envisioned Chevaliei Jackson’s influence 
m medicine will continue to be felt fai beyond the boideis of 
his countrj and the span of Ins life Modem medicine, as 
veil as his individual patients, pay gieat homage to tins man 
who did so much moie than his part “as his turn came ’round ” 



ment It attested to Jackson’s constant duve to teach and to 
bioaden the field of bronchoscopy In the sepaiate clinics 
he developed individuals who earned on his woik m stuctest 
adheience to his pi maples Di Ellen J Patteison of Pitts- 
buigh continued his woik theie when he moved to Phila¬ 
delphia Di Louis Clerf continued at Jeffeison Medical 
School, maintaining the international leputation of that woild 
famous clinic Dr Gabnel Tucker earned on m like mannei 
at the Graduate School as did Di Emily Van Loon at the 
Women’s Medical College 

The gieat modesty, smcenty and singleness of puipose of 
this man, who lived thiough almost a centuiy of medicine 
can haidly be lealized He developed a specialty thiough 
keen obseivation, consummate skill and great peiseveiance 
He discussed its pioblems and their solutions with his col¬ 
leagues, but his wealth of clinical experience kept him fai m 
the lead in any consultation He gave his opinion when it 
was asked, but often with the disaimmg statemnet, “But of 
couise, I have just one vote, you know ” His kindness, gentle¬ 
ness, and couitesy peivaded all his actions, and these basic 
attitudes commanded the gieatest lespect fiom his patients 
and the colleagues who worked with him, yet his stuct 
foimality gave only a veiy few an oppoitunity to know him, 
except thiough medical discussions Those few who had the 
pnvilege of a visit to “The Mill” wheie he lived m the beauti¬ 
ful countiyside outside of Philadelphia, saw a man keenl> 
mteiested in natuie and humble in his appieciation of the 
beauty of his sunoundmgs He was fascinated by the 
mechanics of the mill wheels, the electric boat he used on the 
mill pond and the wood and metal tools he could use so well 
Even caiving a loast at dmnei was a task lequmng a host 
of mtiuments, all laid out befoie him with piecision and m 
exact 01 dei At Old Sunnse Mills he ehenshed the waimth 
of the family cncle He denved gieat pleasuie, foi example, 
woikmg with his gianddaughtei piepaung the diawings foi 
one of his last papeis, lllustiatmg the types and action o 
giassheads as foieign bodies m the bionchi 
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AMERICAN MEDICAL ASSOCIATION, 

SECTION ON LARYNGOLOGY, OTOLOGY AND RHINOLOGY 

Chairman Dr Victor R Alfaro Washington, D C 
Vice-Chairman Dr Harold F Schuknecht, Detroit, Mich 
Secretary Dr Walter E Heck San Francisco Calif 
Representath e to Scientific Evhibit Dr Walter H Maloney, Cleveland, 
Ohio 

Section Delegate Dr Gordon F Harkness Da\enport, la c 
Alternate Delegate Dr Dean M Lierle Iowa Cltv, la 
Meeting Atlantic Cit\ June S 12 1959 


AMERICAN OTOLOGICAL SOCIETY, INC 

President Dr Moses Lurie Boston Mass 
President Elect Dr R C Martin 

Secretarj Dr Lawrence R Boies Unherslt\ Hospitals Minneapolis 14, 
Minn 

Meeting The Homestead Hot Springs Va March 1314 1959 


AMERICAN OTORHINOLOGIC SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCTIVE SURGERY 

President Dr Joseph Gilbert, 111 E 61st St, New York N \ 
Vice-President Dr Kenneth Hinderer, 402 Medical Arts Bldg Pitts 
burgh, Pa 

Secretary Dr Louis Joel Feit 66 Park Are New York 16 N Y 
Treasurer Dr Arnold L Caron, 36 Pleasant SL, Worchester Mass 


AMERICAN RHINOLOGIC SOCIETY 

President Dr Russell I Williams 40S Hynds Bldg Cheyenne, Wyo 
Secretary Dr Robert M Hansen 1735 No WTieeler A\e Portland Ore 
Annual Clinical Session Illinois Masonic Hospital, Chicago, Ill, October, 
1958 

Annua] Meeting 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Trent W r Smith 327 East State St, Columbus 15 Ohio 
Vice-President Dr Oscar J Becker Chicago Ill 

Secretary Dr Samuel M Bloom 123 East S3 SL New York 28 N Y 
Meeting November 12 1958 in conjunction with the Section on Laryn 
gologj Rhinology and Otologj of the Medical Society of the County of 
Kings and Acaderm of Medicine of Brooklyn 1313 Bedford A\e 
Brooklyn, N Y 


AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampser Grant Bldg Pittsburgh 19 Pa 
Secretary Treasurer Dr Daniel S DeStio 121 S Highland Ave Pitts 
burgh 6 Pa 
Annual Meeting 
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DIRECTORY OF OTOLARYNGOLOGIC SOCIETIES 

(Secretaries of the various societies are requested to keep this 
^ Information up to date) 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr Erlmg W Hansen, 90 So Ninth St, Minneapolis, Minn 
Executive Secretary Dr ‘William D Benedict, Mayo Clinic, Rochester 
Minn 

Meeting Palmer House, Chicago, Ill, Oct 10 15, 1969 


AMERICAN BOARD OF OTOLARYNGOLOGY 

AMERICAN BRONCHO-ESOPHAGOLOGICAL ASSOCIATION 
President Dr Francis W Davison, Geisinger Memorial Hospital, Dan 
ville, Pa 

Vice-President Dr George S McReynolds, 615 N Boulevard, Galveston, 
Tex 

Secretary Dr F Johnson Putney, 1712 Locust St, Philadelphia 3, Pa 

Treasurer Dr Verling K Hart, 106 W 7th St, Charlotte, N C 

Meeting The Homestead, Hot Springs, Va, March 1011, 1959 


AMERICAN LARYNGOLOGICAL ASSOCIATION 

President Dr Fred W Dixon, Cleveland, Ohio 

Secretary Dr James H Maxwell, Ann Arbor, Mich 

Treasurer Dr Francis E LeJeune, New Orleans La 

Editor, Historian, and Librarian Dr Edwin N Broyles, Baltimore, Mil 

Meeting The Homestead, Hot Springs, Va, March 8 9, 1959 


AMERICAN LARYNGOLOGICAL, RH1NOLOGICAL AND OTOLOGICAL 

SOCIETY, INC 

President Dr Gordon Hoople, 1100 E Genesee St, Syracuse 10, N Y 
President Elect Dr Theo E Walsh, 640 So Kingshighway, St Louis 
10, Mo 

Secretary Dr C Stewart Nash, 700 Medical Arts Bldg, Rochester 7, 
N Y 

Annual Meeting The Homestead, Hot Springs, Va , March 10 1112 1959 
(Mornings only) 

Meetings of the Sections 

Eastern Savoy Plaza, New York, N Y, January 8 9, 1959 

Council Savoy Plaza, New York, N Y, January 10, 1959 

Middle Park Plaza Hotel, SL Louis, Mo, January 12 13, 1959 
Western The Ahwahnee Hotel, Yosemite Vallej, Calif, Januarj 11 

Southern Academy of Medicine, Hotel Atlanta Biltmore Atlanta Ga, 
January 23 24, 1959 
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CHICAGO LARYNGOLOGICAL AND OTOLOGICAL SOCIETY 
President Dr Stanton A Friedberg 122 So Michigan Ave, Chicago S, 

Vice-President Dr Maurice Snitman, 40S So 5th Ave, Maywood Ill 
Secretari Treasurer Dr Fletcher Austin 700 No Michigan Ave Chi 
cago 11, Ill 

Meeting First Monda\ of each month October through May 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Grflnvald S 
Vice-President Dr Agustin Estartus 
Secretarj Dr Marcos Chaimoi ich S 
Treasurer Dr Benjamin Kaphan I\ 

Director Dr Alberto Basterrica A. 


COLORADO OTOLARYNGOLOGY SOCIETY 

President Dr James T Blair Denier Colo 
Vice-President Dr James Rigg Grand Junction Colo 
Secretar\ Dr V ill P Pirkei Denver Colo 


DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Edvard A Newell. 

Vice-President Dr Thomas 11 McCrori 

Secretary-Treasurer Dr James L Baldvin 1627 Medical Arts Bldg, 

Dallas Tex, 


FEDERACION ARGENTINA, 

DE SOCIEDADES DE OTORRINOLARINGOLOGIA 

Secretary of the Interior Prof Dr Atilio Viale del Carril 
Secretary of the Exterior Dr Aldo G Remorino 
Secretary Treasury Prof Dr Antonio Carrascosa. 
Pro-Secretar\ of the Interior Prof Dr Carlos P Mercandino 

Pro-Secretan of the Exterior Prof Dr Jaime A del Sel 
Pro-Secretarj of the Treasury Dr Jorge Zubizarreta. 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M \oubleau San Salvador 

Secretarv Treasurer Dr Hector R Siha Calle Arce No S4 San Salva 
dor El Salvador Central America 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Edson J Andrews 
President Elect Dr G Dehle Tai lor 
First Vice-President Dr Kenneth S Whitmer 
Second Vice-President Dr William H Anderson Jr 
Secretarv Treasurer Dr Joseph W Tavlor Jr 
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ASS0C1ACA0 MEDICA DO INSTITUTO PENIDO BURNIER_ 

CAMPINAS 

President Dr Antonio Augusto de Almeida 
First Secretary Dr Alberto Galo 
Second Secretary Dr Alfredo Porto 
Librarian Treasurer Dr L de Souza Queiroz 

Editors for the Archives of the Society Dr J Penido Bumier, Dr 
Guedes de Melo Filho and Dr Roberto Franco do Amaral 
Meetings Twice every month, first and third Thursdays, 8 30 PM 


ASOC1 ACION DE OTORR1NOLARINGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 

Presidente Dr Julio Quevedo, 15 Calle Oriente No 5 
First Vice-Presidente Dr Hdctor Cruz, 3a Avenida Sur No 72 
Second Vice-Presidente Dr Josd Luis Escamilla, 5a Calle Poniente 
No 48 

Secretario Tesorero Dr Horace Polanco, 13 Calle Poniente No 9 D 


ASOCIACION DE OTO-RINO LARINGOLOGIA DE BARCELONA, SPAIN 

Presidente Dr J Abello 

Vice-Presidente Dr Luis Sufie Medan 

Secretario Dr Jorge Perelld, 319 Provenza, Barcelona 

Vice-Secretarlo Dr A. Pinart 

Vocal Dr J M Ferrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Waiter E Loch, 1039 No Calvert SL, Baltimore, Md 
Secretary Treasurer Dr Theodore A. Schwartz 


BUENOS AIRES CLUB OTOLARINGOLOGICO 

Presidente Dr K Segre 
Vice-Presidente Dr A. P Belou 
Secretario Dr S A Aranz 
Pro Secretario Dr J M Tato 
Tesorero Dr F Games 
Pro-Tesorero Dr J A Bello 


CANADIAN OTOLARYNGOLOGICAL SOCIETY 
SOCIETE CANADIENNE D'OTOLARYNGOLOGIE 

President Dr Robert T Hayes, 42 Cobourg St, SL John, N B 

Secretary Dr Donald M McRae, 324 Spring Garden Rd , Halifax, N S 


CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C Otrich Belleville, III 
President Elect Dr Phil R McGrath Peoria, III 
Secretarj Treasurer Dr Alfred G Schultz, Jacksonville, III 
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MEMPHIS SOCIETY OF OPHTHALMOLOGY 
t CD OTOLARYNGOLOGY 

Chairman Members s \e as chairmen in alphabetical order monthly 
Secretary Treasurer Dr Roland H M^ers 1720 Exchange Bidg, Mem 
phis, Tenn 

Assistant Secretar\ Treasurer Dr William F Wurrah, Jr, Exchange 
Bldg Memphis Tenn 

Meeting Second Tuesda\ in each month at 8 00 PM. at Memphis Eve, 
Nose and Throat Hospital 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoide Mexico D F 
Vice-President Dr M Gonzales Llloa Mexico D F 
Secretary Dr Juan De Dios Peza Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow Princeton Mo 

Secretar\ Treasurer Dr Harold Swanberg Quincv in 

Assistant Secretar' Treasurer Dr Jacob E Reisch Springfield Ill 


NETHERLANDS SOCIETY OF OTORHINOLARYNGOLOGY 
(Nederlandsche Keel Neus Oorheelkundige Vereenlging ) 

President Dr H Nans Sonsbeekweg 6 Arnhem 

Secretary Dr W H Struben J J Viottastraat 1 Amsterdam 

Treasurer Mrs F Velleman Pinto Jac. Ohrechtstr 66 Amsterdam 


NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele Kinston Clinic Kinston N C 
Vice-President Dr George E Bradord Winston Salem N C 
Secretary Treasurer Dr J D Stratton 1012 Kings Drive Charlotte 7 
N C 
Meeting 


NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 

President Mr G L Thompson 16 Ramshili Road Scarborough York 
shire 

Vice-President Mr J H Ott' Fnzlei Old Hall Frizinghall Road, 
Bradford Yorkshire 

Secretary and Treasurer Mr R Thomas 27 High Petergate York 
Yorkshire 


OREGON ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr David D DeWeese 1216 S W Yamhill SL, Portland 6 
Ore 

Secretary-Treasurer Dr Paul B Mvers 223 Medical Dental Bldg 
Portland 5 Ore 

Meeting Fourth Tuesday of each month from September through Mav 
Henrv Thiele Restaurant, 23rd and W Burnside Portland, Ore 
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FOURTH LATIN-AMERICAN CONGRESS OF 
OTORINOLARINGOLOGIA 


President Dr Dario 

Secretary 

Meeting 


FORT WORTH EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr Van D Rathgeber 
Vice-President Dr William Skokan 
Secretary Treasurer Dr Paul Rockwell 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr William B Steinman 
President Elect Dr James H Mendel, Jr 
Secretary-Treasurer Dr H Carlton Howard 

Meeting quarterly (March , May, October and December), on the second 
Thursday of the month, 6 30 P M , at Urmey Hotel, Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 

President Dr Jo Ono, Tokyo, Japan 

Secretary Dr Chevalier L Jackson, 3401 N Broad St, Philadelphia 40, 
Pa, U S A 
Meeting 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H Steele 
President Elect Dr Dick H Underwood 

Secretary Dr James T Robison, 4620 J C Nichols Parkway, Kansas 
City, Mo 

Meeting Third Thursday of November, January, February and April 


LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Max E Pohlman 
Secretary Treasurer Dr Wendell C Irvine 
Chairman of Ophthalmology Section Dr Carroll A McCoy 
Secretary of Ophthalmology Section Dr Philip D Shanedling 
Chairman of Otolaryngology Section Dr Robert W Godwin 
Secretary of Otolaryngology Section Dr Francis O’N Morris 
Place Los Angeles County Medical Association Bldg, 1925 Wilsbire 
Blvd , l,os Angeles Calif 

Time 6 30 PM last Monday of each month from September to June, 
inclusive—Otolaryngology Section 6 30, first Thursday of each month 
from September to June inclusive—Ophthalmology Section 

LOUISIANA MISSISSIPPI OPHTHALMOLOGICAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr Fred D Hollowell, Lamar Life Bldg, Jackson, Miss 
Secretary Dr Edley H Jones 1301 Washington St Vicksburg, Miss 
Meeting" Edgevater Gulf Hotel, Edgewater Park Miss, May 1516, 19b 
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RESEARCH STUDY CLUB OF LOS ANGELES, INC 

Chairman Dr Orrie E Ghrist, 210 N Central Ave., Glendale, Calif 

Treasurer Dr Norman Jesberg, 500 So Lucas Ave, Los Angeles 17, Calif 

Otolaryngology Dr Russell M Decker, 65 Is Madison Ave., Pasadena 
1, Calif 

Ophthalmologv Dr 'Warren A Wilson, 1930 Wllshire Blvd, Los An 
geles 57, Calif 

Mid Winter Clinical Convention annually, the last two weeks m January 
at Los Angeles, Calif 


SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA 

Chairman Dr J L Levine 
Vice-Chairman Dr Russell Page 
Secretarj Dr James J McFarland 
Treasurer Dr Edward M O’Brien 

Meetings are held the second Tuesdav of September, November January, 
March and Mav at 6 30 P M 
Place Army and Nan Club Washington D C 


SCOTTISH OTOLARYNGOLOGICAL SOCIETY 

President Dr F T Land 13 Newton Place, Glasgow C 3 
Secretar 3 - Treasurer Dr J F Blrrell 14 Morav Place, Edinburgh 

Assistant Secretary Dr H D Brown Kelly, 11 Sandvford Place, Glas 

gow, C 3 

SOCIEDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLARINGOLOGIA (BOGOTA, COLUMBIA) 

Presidente Dr Alfonso Trlbin P 
Secretario Dr Felix E Lozano 

Tesorero Dr Mario Arenas A 


SOCIEDAD CUBANA DE OTO LAR1NGOLOGIA 

President Dr Reinaldo de Villiers 
Vice-President Dr Jorge de Cdrdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA 

Presidente Dr Frank Canosa Lorenzo 
Vice-Presidente Dr Julio Sangully 
Secretario Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 

SOCIEDAD DE OTORRINOLARINGOLOGIA Y 
BRONCOESOFAGOSCOPIA DE CORDOBA 

Presidente Dr Aldo Remorino 
Vice-Presidente Dr Luis E Olsen 
Secretario Dr Eugenio Romero Diaz 
Tesorero Dr Juan Manuel Pradales 

Vocales Dr Osvaldo Suftrez Dr Nondler Asis R, Dr Jorge Bergallo 
Yofre 
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OTOSCLEROSIS STUDY GROUP 

President Dr B P Fowler, Jr, 180 Fort Washington Ave, New York 
32, New York 

Secretarj Treasurer Dr Arthur L Juers, 1018 Biown Building, Louis 
ville 2, Ky 

Meeting Palmer House, Chicago, Ill, October 11, 1959 


PACIFIC COAST OTO OPHTHALMOLOGICAL SOCIETY 

President Dr H Leroy Goss, 620 Cobb Bldg, Seattle 1, Washington 
Secretary Treasurer Dr Homer E Smith, 508 East South Temple, Salt 
Lake City, Utah 
Meeting 


PAN AMERICAN ASSOCIATION OF OTO RHINO-LARYNGOLOGY 
AND BRONCHO ESOPHAGOLOGY 

President Dr Paul Holinger, 700 No Michigan Blvd, Chicago, Ill 
Executive Secretary Dr Chevalier L Jackson, 3401 N Broad St, Phila 
delphia 40, Pa, U S A. 

Meeting Seventh Pan American Congress of Oto Rhino Laryngology and 
Broncho-Esophagology 
Time and Place Miami, Fla , March, 1960 


PHILADELPHIA LARYNGOLOGICAL SOCIETY 

President Dr John J O’Keefe 
Vice-President Dr Joseph P Atkins 
Secretary Dr William A. Lell 

Executive Committee Dr Harry P Schenck, Dr Benjamin H Shuster, 
Dr William A Lell, Dr William J Hitschler, and Dr Chevalier L 
Jackson 


PITTSBURGH OTOLOGICAL SOCIETY 

President Dr Bernard L Silverblatt, 3500 Fifth Avenue, Pittsburgh,^ Pa 
Vice-President Dr Emory A Rittenhouse, 203 Masonic Bldg, McKees 
port. Pa. 

Secretary Treasurer Dr John T Dickinson Mercj Hospital, Pittsburgh 
19, Pa 


PORTUGUESE OTORHINOLARYNGOLOGICAL SOCIETY 
President Dr Albert Luis de Mendonca 

Secretari Dr Antonio da Costa Quinta Avenida, de Liberdale C5 i 
Lisbon 


PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


President Dr Clifton E Benson, Bremerton, Wash 
President Elect Dr Carl D F Jensen, Seattle Wash 
Secretarj Dr Willard F Goff 1215 Fourth Ave, Seattle, Wasii 
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SOCIEDAD PANAMENA DE OTORRINOLARINGOLOGIA 

Presidente Dr Manuel Preciado 

Plist Vlce-Presidente Di Alonso Roy 

Second Vice Presidente Dr Carlos Aiango Caibone 

Secretario Dr Marla Esthei Vlllalaz 

Tesoiero Dr Ramdn Ciespo 

SOC1EDADE PORTUGUESA DE OTORRINOLARINGOLOGIA 

E DE 

BRONCO ESOFAGOLOGIA 

Presidente Dr Alberto Luis De Mendonca 
Vlce-Presidente Di Jaime de Magalliaes 

1 ° Secretario Dr Antonio da Costa Quinta 

2 ° Secretario Dr Albano Coeltao 

Tesouieho Dr Jose Antonio de Campos Henriques 
Vogais Dr Teofllo Esquivel 

Dr Antonio Cancela de Amorim 
Sede A\enlda da Liberdade 65 1° Lisboa 

SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President LL Col Stanley H Bear, USAF (MC), USAF Hospital, Max 
well (Air Universitj) Maxwell Aii Foice Base Ala 
Secretarj Treasurer Capt Maurice Schiff, MC USN U S Naval Hos 
pltal Oakland Calif 
Meeting 


SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette Orangeburg S C 
Vice-President Dr Robert P Jeanes Easley S C 

Secretarj Treasurer Dr Roderick Macdonald 333 East Main St, Rock 
Hill S C 
Meeting 


SOUTHERN MEDICAL ASSOCIATION, 

SECTION ON OPHTHALMOLOGY AND OTOLARYNGOLOGY 

Chairman Dr V Eugene Holcombe Charleston TV Va 
Chairman Elect Dr G Slaughtei Fitz Hugh Chailottesvllle, Va 
Vice-Chairman Dr George M Haik New Orleans, La. 

Secretary Dr Mercer G Lynch, New Orleans La. 

VIRGINIA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Benjamin Sheppard 301 Medical Arts Building Rich 
mond Va 

President Elect Dr Emanuel U Wallerstein Professional Building 
Richmond Va 

Vice-President Dr Calvin T Bui ton Medical Arts Building Roanoke 
Va 

Secretarj Treasurei Dr Maynard P Smith 600 Professional Building 
Richmond Va 

WEST VIRGINIA ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James K Stewart Wheeling W Va. 

Secretarj Treasurer Dr Frederick C Reel Charleston W Va 
Annual Meeting 
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SOCIEDAD DE OTO RINO LARINGOLOGIA, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Salvador Mixco Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M 


SOCIEDAD ESPANOLA DE OTORRINOLARINGOLOGIA 

Presidente Di D Adolfo Hinojar Pons 
Vice Presidente Dr D Jose Perez Mateos 
Secretario General Dr D Francisco Marafids 
Tesorero Dr D Ernesto Alonso Ferrer 


SOCIEDAD MEXICANA DE OTORRINOLARINGOLOGIA 
Monterrey 47-201 
Mexico 7, D F 

President Dr Rafael Giorgana 
Secretary Dr Carlos Valenzuela 
Treasurer Dr Benito Madariaga 
First Vocal Dr Rafael Gonzdlez 
Second Vocal Dr Juan Oberhauser 


SOCIEDAD NACIONAL DE CIRUGIA OF CUBA 

Presidente Dr Reinaldo de Villers 

Vice Presidente Dr Cdsar Cabrera Calderln 

Secretario Dr Josd Xirau 

Tesorero Dr Alfredo M Petit 

Vocal Dr Josd Gross 

Vocal Dr Pedro Heindndez Gonzalo 

SOCIEDAD OTO-RINO LARINGOLOGIA DE LOS 
HOSPITALES DE MADRID 

Presidente Dr Don Fernando Beltr&n Castillo 
Secretario General Dr Don Alfonso Vassallo de MumberL 
Tesorero Dr Don Rafael Garcia Tapia 

SOCIEDAD VENEZOLANA DE OTORRINOLARINGOLOGIA 

Presidente Dr Gabriel Bricefio Romero 
Vice-Presidente Dr Silvestre Rincdn Fuenmayor 
Secretario General Dr Oscar Bustamante Miranda 
Tesorero Dr Arturo Marrero Gdmez 

Vocales Dr Miguel Octavio Russa, Dr Benjamin Bricefio, Dr Oscar Gon 
zalez Castillo 


SOCIEDADE DE OFTALMOLOGIA E OTORRINOLARINGOLOGIA DO 
RIO GRANDE DO SUL 

President Dr Paulo Fernando Esteies 
Vice-President Dr Jayme Schilling 
First Secretari Dr Carlos Buede 
Second Secretary Dr Moizds Sabani 
First Treasurer Dr Israel Scherman 
Second Treasurer Dr Rivadfi-via C Meyer 
Librarian Dr Carlos M Carrion 
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If inflammatory c udates are periodically re¬ 
moved by instituting a strict regimen of 
cleansing, it is no>" known that the membrane 
of the sinuses has 'ar greater recuperative 
powers than was orce realized Even in 
treating sinus infections with antibiotics, 
complications are being seen and reported in 
increasing numbers due to the mutations of 
bacteria which can easily resist them This 
has brought safe SYPHONAGE nasal irriga¬ 
tions to the fore in the conservative manage¬ 
ment of nasal pathologies 
NICHOLS NASAL SYPHON has been widely 
prescribed by leading rhinologists for FORTY 
years and has proven its efficacy in the 
treatment of nasal infections Its systematic 
use inhibits rapid growth of pathogenic or¬ 
ganisms as it prevents stagnation of muco¬ 
purulent pus—thereby reducing the engorge¬ 
ment of the nasal mucosa Quickly re¬ 
establishes VENTILATION and DRAINAGE 
and promotes regeneration of healthy tissue 
Try this TIME TESTED 
method Just send 
coupon! 
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HELP US KEEP THE 
THINGS WORTH KEEPING 



One of the most precious American 
Heritages is the right to worship as 
you please But protecting our Ameri¬ 
can heritages costs money—because 
peace costs money 

It takes money for strength to keep 
the peace Money for science and 


education to help make peace lasting 
And money saved by individuals 

Your Savings Bonds, as a direct 
investment m your country, make 
you a Partner in strengthemng 
America’s Peace Power 


HELP STRENGTHEN AMERICAS PEACE POWER 


BUY U. S. SAVINGS BONDS 

The US Government does not pay fort hisadvertising The Treasury Department 
thanks for their patriotic donation The Advertising Council and this magazine 
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